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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 that dis-
play a 3-dimensional elastic image presenting hardness and
softness of biological tissues of an object using ultrasonic
waves.

DESCRIPTION OF RELATED ART

An ultrasonic diagnostic apparatus is capable of transmit-
ting ultrasonic waves to the inside of an object to be examined
by an ultrasonic probe, obtaining and displaying a 3-dimen-
sional tomographic image and a 3-dimensional elastic image
on the basis of the reception signals received from biological
tissues in the object.

At the time of superimposing and displaying a 3-dimen-
sional tomographic image and a 3-dimensional elastic image,
the setting of opacity is executed to facilitate recognition of
the profile or volume of the hard region or soft region in the
3-dimensional elastic image (for example, Patent Document

1.
PRIOR ART DOCUMENT
Patent Document

Patent Document 1: JP-A-2008-259605

Though the above-described Patent Document 1 discloses
the setting of opacity in a 3-dimensional tomographic image,
separation of elastic volume data and execution of volume
rendering are not disclosed therein. Thus in Patent Document
1, for example, ahard region and a soft region are mixed at the
time of performing volume rendering in the process of con-
structing a 3-dimensional elastic image. As a result, when an
operator intends to observe the hard region, the hard region
could have been hidden by the soft region, which hinders the
operator from recognizing the spread of the hard region.

The objective of the present invention is to construct a
3-dimensional elastic image by separating the elastic volume
data at the time of performing volume rendering.

BRIEF SUMMARY OF THE INVENTION

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

an ultrasonic probe having transducers that transmit/re-
ceive ultrasonic waves;

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

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

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 the reflected echo signals; and

adisplay unit configured to display the 3-dimensional elas-
tic image,

wherein the 3-dimensional elastic image constructing unit
separates the elasticity volume data into plural sets of data on
the basis of the elasticity values and performs volume render-
ing on the separated sets of elastic volume data so as to
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2

construct the 3-dimensional elastic image. In this manner, a
3-dimensional elastic image can be constructed by separating
the elastic volume data at the time of performing volume
rendering, and the operator can reciprocally recognize, for
example the hard region and the soft region.

Also, the 3-dimensional elastic image constructing unit
comprises an elastic volume data separating section config-
ured to separate the elastic volume data into the hard region
and the soft region on the basis of a predetermined reference
value of the elastic volume data. The 3-dimensional elastic
image constructing unit further comprises a first elasticity
rendering calculation section configured to perform volume
rendering on the elastic volume data which is equivalent to the
hard region and a second elasticity rendering calculation sec-
tion configured to perform volume rendering on the elasticity
volume data which is equivalent to the soft region.

EFFECT OF THE INVENTION

In accordance with the present invention, it is possible to
construct a 3-dimensional elastic image by separating the
elastic volume data at the time of performing volume render-
ing.

BRIEF DESCRIPTION OF THE DIAGRAMS

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

FIG. 2 shows a 3-dimensional elastic image constructing
unit 118 in a first embodiment of the present invention.

FIG. 3 shows an elastic volume data separating section 200
of the present invention.

FIG. 4 shows a display pattern of a display unit 120 related
to the present invention.

FIG. 5 shows a display pattern of a display unit 120 related
to the present invention.

FIG. 6 shows a display pattern of a display unit 120 related
to the present invention.

FIG. 7 shows the 3-dimensional elastic image constructing
unit 118 in a second embodiment of the present invention.

FIG. 8 shows a third embodiment of the present invention.

FIG. 9 shows a fourth embodiment of the present invention.

FIG. 10 shows a fifthembodiment of the present invention.

FIG. 11 shows a sixth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Embodiment 1

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 is provided with an ultrasonic probe 102 to be used by
applying to an object 101, a transmission unit 105 configured
to repeatedly transmit ultrasonic waves to the object 101 at
predetermined time intervals via the ultrasonic probe 102, a
reception unit 106 configured to receive the echo signals
reflected from the object 101, a transmission/reception con-
trol unit 107 configured to control the transmission 105 and
the reception unit 106, and a phasing and adding unit 108
configured to execute phasing and adding on the reflected
echoes received by the reception unit 106.

The ultrasonic probe 102 is provided with a plurality of
transducers arrayed therein and has a function of transmit-
ting/receiving ultrasonic waves to/from the object 101 via the
transducers. The ultrasonic probe 102 is formed by a plurality
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of rectangle or fan-shaped transducers, capable of vibrating
the transducers mechanically in the direction orthogonal to
the array direction of the plurality of transducers and trans-
mitting/receiving ultrasonic waves 3-dimensionally. The
ultrasonic probe 102 may also comprise a plurality of trans-
ducers that are 2-dimensionally arrayed, which can electroni-
cally control the transmission and reception of ultrasonic
waves.

The transmission unit 105 generates a transmitting pulse
for activating a transducer of the ultrasonic probe 102 and
generating an ultrasonic wave. The transmission unit 105 has
a function of setting the convergent point of the transmitted
ultrasonic waves at a certain depth. Also, the reception unit
106 amplifies the reflected echo signal received by the ultra-
sonic probe 102 by a predetermined gain and generates an RF
signal, i.e. a reception signal. The ultrasonic transmission/
reception control unit 107 controls the transmission unit 105
or 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 construction 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 114 configured to
perform 3-dimensional coordinate conversion on the basis of
the obtained position of the 2-dimensional tomographic
image which is constructed in the 2-dimensional tomographic
image construction unit 113 and generate tomographic vol-
ume data, a 3-dimensional tomographic image constructing
unit 115 configured to perform volume rendering on the basis
ofthe brightness and opacity of tomographic volume data and
constructs a 3-dimensional tomographic image, a 2-dimen-
sional elastic image construction unit 116 configured to con-
struct 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 117 configured to
perform 3-dimensional coordinate conversion on the 2-di-
mensional elastic image constructed in the 2-dimensional
elastic image constructing unit 116 on the basis of the
obtained position of a 2-dimensional elastic image and gen-
erates elastic volume data, a 3-dimensional elastic image
constructing unit 118 configured to perform volume render-
ing on the basis of the elastic value and the opacity of elastic
volume data and construct a 3-dimensional elastic image, a
synthesis processing unit 119 configured to synthesizes a
2-dimensional tomographic image and a 2-dimensional elas-
tic image or a 3-dimensional tomographic image and a 3-di-
mensional elastic image, and a display unit 120 configured to
display images such as a synthetic image synthesized in the
synthesis processing unit 119 or a 2-dimensional tomo-
graphic image.

Also, the ultrasonic diagnostic apparatus 100 is provided
with a control unit 103 configured to control the above-de-
scribed components and an operation unit 104 for executing
input of various information to the control unit 103. The
operation unit 104 comprises devices such as a keyboard or a
trackball.

The 2-dimensional tomographic image construction unit
113 performs signal processing such as gain compensation,
log compression, detection, edge enhancement and filtering
on the basis of the setting conditions in the control unit 103 by
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4

inputting the RF signal frame data output from the data stor-
age unit 109, and constructs a 2-dimensional tomographic
image.

The ultrasonic probe 2 is capable of measuring the trans-
mitting and receiving directions (6, ¢) upon transmission and
reception of ultrasonic waves, and the tomographic volume
data generating unit 114 performs 3-dimensional conversion
on a plurality of 2-dimensional tomographic images on the
basis of the transmitting and receiving directions (6, ¢) that
are equivalent to the obtaining position of a tomographic
image, and generating tomographic volume data.

The 3-dimensional tomographic image constructing unit
115 performs volume rendering using the following equa-
tions (1)~(3) for constructing a 3-dimensional tomographic
image from tomographic volume data.

Cout(i)=Cout(i-1 +(1-Aout(i-1))-4(i)-C()-S@F)
Aout(i)=Aout(i-1)+(1-4outii-1))-A () (2)

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

C(i) is the luminance value of the i-th voxel that exists in 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-voxels are lined up in
the line of sight, luminance value Cout(N-1) obtained by
integration from i=0 to N-1 is the pixel value to be ultimately
output. Cout(i-1) indicates the integrated value up to the
(i-1)-th luminance value.

Also, A(i) is the opacity of the i-th luminance value that
exists in the line of sight, and is the tomographic opacity table
which takes values of 0~4.0 as shown in the above equation
(3). The tomographic opacity table determines the contribu-
tion rate of opacity on the output 2-dimensional projected
plane (3-dimensional tomographic image) by referring to the
opacity from 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 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 2-dimensional elastic image constructing unit 116
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 116 calculates
the elasticity value on the basis of the measured displacement,
and constructs a 2-dimensional elastic image. The elasticity is
any of the elastic information such as the strain, elasticity
modulus, displacement, viscosity, and strain factor.

The elastic volume data generating unit 117 executes the
3-dimensional conversion on a plurality of 2-dimensional
elastic images on the basis of the transmitting/receiving direc-
tions (0, ¢) equivalent to the obtained position of the 2-di-
mensional image, and generates the elastic volume data.

The 3-dimensional elastic image constructing unit 118
separates the elastic volume data into plural sets on the basis
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of the elasticity value, performs volume rendering on the
separated sets of elastic volume data, and constructs a 3-di-
mensional elastic image. The 3-dimensional elastic image
constructing unit 118 will be described in concrete terms
below referring to FIG. 2.

The 3-dimensional elastic image constructing unit 118
comprises an elastic volume data separating section 200 con-
figured to separate elastic volume data into plural sets of
elastic volume data on the basis of the elasticity value, a first
elastic volume data storing section 201 configured to store
one set of elastic volume data which is separated in the elastic
volume data separating section 200, a first elasticity rendering
calculation section 202 configured to perform volume render-
ing on the elastic volume data stored in the first elastic volume
data storing section 201 and construct a 3-dimensional elastic
image, a second elastic volume data storing section 205 con-
figured to store the other set(s) of elastic volume data which is
separated in the elastic volume data separating section 200, a
second elasticity rendering calculation section 206 config-
ured to perform volume rendering on the elastic volume data
stored in the second elastic volume data storing section 205
and construct a 3-dimensional elastic image, and a 3-dimen-
sional elastic image synthesizing section 207 configured to
synthesize the plurality of 3-dimensional elastic images out-
put from the first elasticity rendering calculation section 202
and the second elasticity rendering calculation section 206.

The elastic volume data separating section 200 will be
described referring to FIG. 3. The elastic volume data sepa-
rating section 200 separates the elastic volume data using the
separation method shown in FIG. 3(a) or FIG. 3(b).

In FIG. 3(e) and FIG. 3(b), a histogram showing the rela-
tionship between the elasticity value such as the strain or
elasticity modulus and the frequency in the elastic volume
data output from the elastic volume data generating unit 117
and lines for separating the elastic volume data are presented.

First, the separation method of elastic volume data shown
in FIG. 3(a) will be described. A curve 300 is the histogram
showing the relationship between the elasticity value of the
elastic volume data and the frequency. A line 302 is a mark
showing the hardest elasticity value from among the elastic
volume data. A line 304 is a mark showing a predetermined
reference value of the elastic volume data. A line 306 is a mark
showing the softest elasticity value from among the elastic
volume data. A color bar 308 shows that the elasticity values
are separated into blue color and red color on the basis of a
predetermined reference value of the elastic volume data. For
example, in the elasticity values that are color coded as blue
(red) color, the color bar 308 has a setting in which the higher
the elasticity value is the darker the blue (red) color becomes
and the lower the elasticity value is the lighter the blue (red)
color becomes, though the gradation is not very clear since
the diagram is in black and white.

The elastic volume data separating section 200 separates
the elastic volume data into two sets of data of the hard region
and the soft region on the basis of a predetermined reference
value of the elastic volume data. A predetermined reference
value is, for example any of the average value, the median or
the mode value of the elastic volume data. The average value
ofthe elastic volume data is the value wherein all elastic value
of the elastic volume data are added and divided by the sum
total of the elastic volume data sets. The median of the elastic
volume data is the value which positions at the center between
the hardest elasticity value and the softest elasticity value in
the entire elasticity values of the elastic volume data. The
mode value of the elastic volume data is the value which
positions at the highest frequency in the histogram denoted by
the curve 300.
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An operator can select a predetermined reference value
from among the average value, the median, the mode value,
etc. of the elasticity values which constitute the elastic vol-
ume data, and sets the reference value on the basis of the
selected value with respect to the elastic volume data sepa-
rating section 200 by the control of the control unit 103 based
onthe operation on the operation unit 104. The elastic volume
data separating section 200 separates the elastic volume data
on the basis of the set reference value. In the initial setting,
since the color coding width of the elasticity values by blue
color and red color are the same width, the median of the
elasticity volume data is set as the reference value in the
elastic volume data separating section 200.

Also, the elastic volume data separating section 200 sets
the elastic volume data on the left side which is equivalent to
the hard region as blue color and the elastic volume data on
the right side which is equivalent to the soft region as red
color, on the basis of the line 304 indicating the predeter-
mined reference value of the elastic volume data set as above.
In this manner, a color value (blue color and red color) is given
to the separated sets of elastic volume data respectively in
accordance with the elasticity value.

The separation method of the elastic volume data shown in
FIG. 3(b) will be described. The difference from the separa-
tion method in FIG. 3(a) is that the elastic volume data sepa-
rating section 200 separates the elastic volume data into two
sets of data of the hard region and the soft region while setting
the position where the color other than blue changes to blue or
the color other than red changes to red as the reference value.

The description on the curve 300, the line 302, the line 304
and the line 306 will be omitted since they are the same as in
FIG. 3(a). A line 3101s a mark showing the position where the
color other than blue changes to blue in the elastic volume
data. A line 312 is a mark showing the position where the
color other than red changes to red in the elastic volume data.
A color bar 314 shows that the elasticity values are color
coded into blue, red and green on the basis of predetermined
values in the elastic volume data. For example, in the elastic-
ity values that are color coded as blue (red, green) color, the
color bar 314 has a setting in which the higher the elasticity
value is the darker the blue (red, green) color becomes and the
lower the elasticity value is the lighter the blue (red, green)
color becomes, though the gradation is not very clear since
the diagram is in black and white.

In the present embodiment, the position having the elastic-
ity value which is softer than the hardest elasticity value by
the portion ofa predetermined value (for example, 20%) is set
as the position where the color other than blue changes to
blue. Also, the position having the elasticity value which is
harder than the softest elasticity value by the portion of a
predetermined value (for example, 20%) is set as the position
where the color other than red changes to red.

The elastic volume data separating section 200 separates
the elastic volume data having the harder elasticity value than
the reference value on the basis of the reference value posi-
tioned at the softer elasticity value than the hardest elasticity
value by the portion of a predetermined value. Then the elas-
tic volume data separating section 200 gives blue color to the
separated sets of elastic volume data. In other words, the
elasticity values of the hard region (the elasticity values
between the line 302 and the line 310) are colored in blue.

The elastic volume data separating section 200 separates
the elastic volume data having the elasticity value softer than
the reference elasticity value on the basis of the reference
value positioned at the harder elasticity value than the softest
elasticity value by the portion of a predetermined value. Then
the elastic volume data separating section 200 gives red color
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to the separated sets of elastic volume data. In other words, the
elasticity values of the soft region (the elasticity values
between the line 312 and the line 306) are colored in red.

The color other than blue or the color other than red in this
case is green. The region colored in green indicates the region
having the average hardness in the elastic volume data.

Also, while the color information is given to the elastic
volume data which is separated by the elastic volume data
separating section 200 above, the color information may also
be given to the separated sets of data by the elastic volume
data generating unit 117 on the basis of the elasticity values at
the time of generating the elastic volume data. The elastic
volume data separating section 200 can also separate the
elastic volume data based on the color information (RGB
value) given in the elastic volume data generating unit 117.

The first elastic volume data storing section 201 stores the
elastic volume data equivalent to the hard region (blue) which
is separated by the elastic volume data separating section 200
on the basis of a predetermined reference value.

The first elasticity rendering calculation section 202 pet-
forms volume rendering on the elastic volume data equivalent
to the hard region (blue) using the following equations (4)~
(6), and creates a 3-dimensional elastic image of the hard
region (blue).

Eout(i)=Rout(i-1)+(1-Aout(i-1))-4()-EG)-S() @

Aout(i)=Aout(i-1)+(1-Aout(i-1))-4(i) (5)

A(1)=Opacity[E(})] (6)

E(1) is the i-th elasticity value that exists on the line of sight
when 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) obtained by integration of the elasticity values
from i=0 to N-1 is the pixel value to be ultimately output.
Eout(i-1) indicates the integrated value up to the (i-1)-th
voxel. Also, AQi) is the opacity of the i-th elasticity value
which exists in the line of sight, and is the elastic opacity table
shown in the equation (6).

S(i) is the weighting component for shading to be com-
puted by the slope which is acquired by 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 “1”, 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(i) 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(i) will not be reflected on the
output image.

The second elastic volume data storing section 205 stores
the elastic volume data equivalent to the soft region (red)
which is separated in the elastic volume data separating sec-
tion 200 on the basis of a predetermined reference value.

The second elasticity rendering calculation section 206
performs volume rendering on the elastic volume data equiva-
lent to the soft region (red) using the equations (4)~(6), and
creates a 3-dimensional elastic image of the soft region (red).

The 3-dimensional elastic image synthesizing section 207
synthesizes the plurality of 3-dimensional elastic images out-
put from the first elasticity rendering calculation section 202
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and the second elasticity rendering calculation section 206.
The synthesis processing unit 119 synthesizes the synthe-
sized 3-dimensional elastic images and a 3-dimensional
tomographic image. The 3-dimensional elastic image synthe-
sizing section 207 will be described in concrete terms refer-
ring to FIG. 4~F1G. 6.

The 3-dimensional elastic image synthesizing section 207
is capable of synthesizing elastic images such that a 3-dimen-
sional elastic image 400 of the hard region (blue) and a
3-dimensional elastic image 402 of the soft region (red) are
juxtaposed and displayed on the display unit 120 as shown in
FIG. 4. Therefore, the operator can compare and recognize
the 3-dimensional elastic image 400 of the hard region (blue)
and the 3-dimensional elastic image 402 of the soft region
(red) respectively.

Also, the 3-dimensional elastic image synthesizing section
207 is capable of synthesizing the 3-dimensional elastic
image 400 of the hard region (blue) and the 3-dimensional
elastic image 402 of the soft region (red) such that the images
are superimposed and displayed on the display unit 120 on a
display pixel basis as shown in FIG. 5. On the display unit
120, a preferential display setting unit 500 is displayed,
besides the synthesized 3-dimensional elastic image, for giv-
ing indication priority of the 3-dimensional elastic image 400
of the hard region (blue) or 3-dimensional elastic image 402
of the soft region (red).

On the preferential display setting unit 500, a selection
mark 502 is displayed for showing that the hard region (blue)
orthe softregion (red) is selected. In FIG. 5, itis set so that the
3-dimensional elastic image 400 of the hard region (blue) is to
be preferentially displayed.

In the case that the 3-dimensional elastic image 400 of the
hard region (blue) is set to be preferentially displayed as
shown in FIG. 5, the 3-dimensional elastic image synthesiz-
ing section 207 sets the 3-dimensional elastic image 402 of
the soft region (red) to be displayed on the back surface and
the 3-dimensional elastic image 400 of the hard region (blue)
to be displayed on the front surface. In other words, the
3-dimensional elastic image ofthe hard region (blue)is supet-
imposed on the 3-dimensional elastic image of the soft region
(red) and displayed. In this manner, even when the 3-dimen-
sional elastic image 400 of the hard region (blue) and the
3-dimensional elastic image 402 of the soft region (red) are
synthesized, the operator can consistently confirm the hard
region (blue).

Also, the 3-dimensional elastic image synthesizing section
207 is capable of synthesizing the elastic images by adding
the 3-dimensional elastic image 400 of the hard region (blue)
and the 3-dimensional elastic image 402 of the soft region
(red) on the display pixel basis as shown in FIG. 6.

The 3-dimensional elastic image synthesizing section. 207
synthesizes the elastic images by adding the 3-dimensional
elastic image 400 of the hard region (blue) and the 3-dimen-
sional elastic image 402 of the soft region (red) with setting
ratio o on adisplay pixel basis using the equations below. The
setting ratio a is for setting the degree of translucence (trans-
lucency) of the 3-dimensional elastic image 400 of the hard
region (blue) and the 3-dimensional elastic image 402 of the
soft region (red) respectively, which is to be arbitrarily set by
the control ofthe control unit 103 on the basis of the operation
by the operation unit 104. The setting ratio o is 0 or more and
1 or less.
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(Synthesized 3-dimensional elastic image R) =
(1 — @) x (3-dimensional elastic image R of hard region) +
@ % (3-dimensional elastic image R of soft region)
(Synthesized 3-dimensional elastic image G) =
(1 — @) X (3-dimensional elastic image G of hard region) +
a X (3-dimensional elastic image G of soft region)
(Synthesized 3-dimensional elastic image B) =
(1 — @) x (3-dimensional elastic image B of hard region) +

@ % (3-dimensional elastic image B of soft region)

Thus, the operator can reciprocally confirm the hardness
information in the 3-dimensional elastic image 400 of the
hard region (blue) and the hardness information in the 3-di-
mensional elastic image 402 of the soft region (red).

On FIG. 6, a ratio setting unit 600 for setting the setting
ratio o. and a ratio setting bar 602 for changing the setting ratio
are displayed. When the ratio setting bar 602 is moved toward
the left side from the center, the 3-dimensional elastic image
synthesizing section 207 makes the value o small such that
the 3-dimensional elastic image 400 of the hard region (blue)
is emphasized with respect to the 3-dimensional elastic image
402 of the soft region (red). When the ratio setting bar 602 is
moved toward the right side from the center, the 3-dimen-
sional elastic image synthesizing section 207 makes the value
of o large such that the 3-dimensional elastic image 402 of the
soft region (red) is emphasized with respect to the 3-dimen-
sional elastic image 400 of the hard region (blue).

For example, the ratio setting bar 602 is set at the center, the
value of o becomes 0.5, and the 3-dimensional elastic image
400 of the hard region (blue) and the 3-dimensional elastic
image of the soft region (red) are translucently displayed
respectively. When the ratio setting bar 602 is set at the far
left, the value of o becomes 0, and only the 3-dimensional
elastic image 400 of the hard region (blue) is displayed. When
the ratio setting bar 602 is set at the far right, the value of «
becomes 1, and only the 3-dimensional elastic image 402 of
the soft region (red) is displayed.

Though not shown in the diagram, the synthesis processing
unit 119 is capable of displaying the 3-dimensional elastic
image 400 of the hard region (blue) and the 3-dimensional
elastic image 402 of the soft region (red) that are juxtaposed,
superimposed or added and synthesized and a 3-dimensional
tomographic image by synthesizing them respectively on a
display pixel basis. The synthesis of the 3-dimensional elastic
image 400, 3-dimensional elastic image 402 and a 3-dimen-
sional tomographic image means, for example that the 3-di-
mensional elastic image 400 and the 3-dimensional elastic
image 402 are made translucent and displayed over the 3-di-
mensional tomographic image, so that the hardness informa-
tion of the 3-dimensional elastic image 400 and the 3-dimen-
sional elastic image 402 and the tissue information of the
3-dimensional tomographic image can be confirmed on a
reciprocal basis.

Switching of the display patterns of the display unit 120
shown in FIG. 4~FIG. 6 can be implemented under control of
the control unit 103 on the basis of the operation of the
operation unit 104,

As described above, in accordance with the first embodi-
ment of the present invention, it is possible to construct a
3-dimensional elastic image by separating the elastic volume
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data at the time of performs volume rendering, so that an
operator can reciprocally confirm the soft region and the hard
region.

Embodiment 2

Here, the second embodiment will be described referring to
FIG. 1~FIG. 7. The difference from the first embodiment is
that a 3-dimensional elastic image is constructed by separat-
ing the elastic volume data into a region having the average
hardness (green) in addition to the hard region (blue) and the
soft region (red) on the basis of predetermined reference
values of the elastic volume data and performing volume
rendering on the separated sets of elastic volume data. The
3-dimensional elastic image constructing unit 118 will be
described in concrete terms using FIG. 7.

The 3-dimensional elastic image constructing unit 118
comprises an elastic volume data separating section 700 con-
figured to separate elastic volume data into a hard region
(blue), a soft region (red) and a region having average hard-
ness (green) on the basis of the elasticity values, the first
elastic volume data storing section 201 configured to store the
elastic volume data equivalent to the hard region (blue) which
is separated in the elastic volume data separating section 700,
the first elastic rendering calculation section 202 configured
to perform volume rendering on the elastic volume data
stored in the first volume data storing section 201 and con-
struct a 3-dimensional image, the second elastic volume data
storing section 205 configured to store the elastic volume data
equivalent to the soft region (red) which is separated by the
elastic volume data separating section 700, a second elastic
rendering calculation unit 206 configured to perform volume
rendering on the elastic volume data stored in the second
volume data storing section 205 and construct a 3-dimen-
sional elastic image, a third volume data storing section 701
configured to store the elastic volume data equivalent to the
region having average hardness (green) which is separated in
the elastic volume data separating section 700, a third elastic
rendering calculation section 702 configured to perform vol-
ume rendering on the elastic volume data stored in the third
volume data storing section 701 and construct a 3-dimen-
sional image, and a 3-dimensional elastic image synthesizing
section 703 configured to synthesize a plurality of 3-dimen-
sional elastic images output from the first elastic rendering
calculation section 202, the second elastic rendering calcula-
tion section 206 and the third elastic rendering calculation
section 702.

The elastic volume data separating section 700 separates
elastic volume data using the separation method of the elastic
volume data shown in FIG. 3(b). The elastic volume data
separating section 700 separates the elastic volume data into
three sets of the hard region, soft region and the region having
the average hardness, on the basis of the reference values
which are set at the position where the color other than blue
changes to blue and at the position where the color other than
red changes to red.

The description of the first elastic volume data storing
section 201, the first elastic rendering calculation section 202,
the second elastic volume data storing section 205 and the
second elastic rendering calculation section 206 will be omit-
ted, since they are already described in the first embodiment.

The elastic volume data separating section 700 separates
the elastic volume data, on the basis of a first reference value
which is at the position of the elasticity value which is softer
than the hardest elasticity value by the portion of a predeter-
mined value and a second reference value which is at the
position of the elasticity value which is harder than the softest
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elasticity value by the portion of a predetermined value, of the
region having the average hardness which is equivalent to the
values between the first reference value and the second ref-
erence value. Then the elastic volume data separating section
700 gives green color to the separated set of elastic volume
data. That is, green color is given to the elasticity value of the
region having the average hardness (the elasticity values
between the line 310 and the line 312).

The third elastic volume data storing section 701 stores the
elastic volume data equivalent to the region having the aver-
age hardness (green) which is separated in the elastic volume
data separating section 701 on the basis of predetermined
reference values.

The third elastic volume rendering calculation section 703
performs volume rendering on the elastic volume data equiva-
lent to the region having the average hardness (green) using
the above equations (4)~(6), and creates a 3-dimensional
elastic image of the region having the average hardness
(green).

The 3-dimensional elastic image synthesizing section 703
synthesizes the plurality of 3-dimensional elastic images out-
put from the first elastic volume rendering calculation section
202, the second elastic volume rendering calculation section
206 and the third elastic volume rendering calculation section
702. The concrete description of the 3-dimensional elastic
image synthesizing section 703 will be omitted since it is the
same as the display patterns shown in FIG. 4~FIG. 6 except
for replacing two image-synthesizing parameters with three
image-synthesizing parameters.

As described above, in accordance with the second
embodiment of the present invention, a 3-dimensional elastic
image can be constructed by separating the elastic volume
data at the time of performing volume rendering, and an
operator can reciprocally confirm the hard region, the soft
region and the average-hardness region.

While elastic volume data is separated into two sets in the
first embodiment and into three sets in the second embodi-
ment, the elastic volume data may also be separated into four
or more sets of data.

Embodiment 3

Here, the third embodiment will be described referring to
FIG. 8. The difference from the first embodiment and the
second embodiment is that an operation unit 104 which sets a
threshold value of elasticity values is comprised, and that the
3-dimensional elastic image constructing unit 118 constructs
a3-dimensional elastic image by further separating the elastic
volume data which is separated into the hard region and the
soft region and converting the voxel value of the separated
sets of elastic volume data into the voxel value which is
greater than the original voxel value at the time of performing
volume rendering.

FIGS. 8(a)~(c) show the patterns for setting the threshold
value for separating elastic volume data. These patterns are
displayed on the display unit 120. The operator sets the
threshold value for separating the elastic volume data via the
operation unit 104. Then the 3-dimensional elastic image
constructing unit 118 constructs a 3-dimensional elastic
image by separating the elastic volume data on the basis of the
set threshold value and performing volume rendering on the
separated sets of elastic volume data.

The elastic volume data is separated into the elastic volume
data equivalent to the hard region and the elastic volume data
equivalent to the soft region by the elastic volume data sepa-
rating section 200, and the elastic volume data equivalent to
the hard region is stored in the first elastic volume data storing
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section 201 and the elastic volume data equivalent to the soft
region is stored in the second elastic volume data storing
section 205.

The operator sets a first threshold value with respect to the
elastic volume data equivalent to the hard region and a second
threshold value with respect to the elastic volume data equiva-
lent to the soft region via the operation unit 104.

As shown in FIG. 8(a), a first threshold value 802 and a
second threshold value 803 are set in the histogram 801
showing the relationship between the elasticity value such as
the strain or elasticity modulus and the frequency. The opera-
tor can set the first threshold value and the second threshold
value, for example so as to include the elasticity value which
becomes the peak in the histogram 801. The control unit 103
detects elasticity value o which corresponds to the first
threshold value 802 and elasticity value B which corresponds
to the second threshold value 803.

The control unit 103 transmits the detected elasticity value
a which corresponds to the first threshold value 802, to the
first elastic rendering calculation section 202. The first elastic
rendering calculation section 202 extracts an elastic volume
data 804 from the elastic volume data equivalent to the hard
region which is stored in the first elastic volume data storing
section 201 while setting the voxel value having the elasticity
value which is harder than the elasticity value a correspond-
ing to the set first threshold value 802 as 255 and the voxel
value having the elasticity value which is softer than the
elasticity value a as 0. The first elastic rendering calculation
section 202 performs volume rendering with respect to the
extracted elastic volume data 804.

The advantage of converting the voxel value having the
elasticity value which is harder than the elasticity value a into
the voxel value which is larger than the original voxel value
will be described. The elasticity values of the elastic volume
data 804 in which only the hard region is extracted are small
values as shown in FIG. 8(a). Since A(i) and S(i) to be mul-
tiplied by elasticity value E(i) in the equation (4) is 1.0 or less,
the calculation result of the second term in the equation (4)
will be the value of E(i) or less. Therefore, when E(i) is a small
value, the rendering calculation makes the value an even
smaller value which is difficult to be displayed. Given this
factor, by converting the voxel value having the elasticity
value which is harder than the elasticity value a into the voxel
value which is greater than the original value, the calculation
can be performed in the suitable manner for volume render-
ing. While the case that the voxel value is converted into 255
is exemplified in the present embodiment, any voxel value
which is appropriate enough to be recognized as a hard region
may be used.

Also, the control unit 103 transmits the elasticity value
which corresponds to the detected second threshold value 803
to the second elastic rendering calculation section 206. The
second elastic rendering calculation section 206 extracts elas-
ticity volume data 805 having the elasticity value which is
softer than the elasticity value corresponding to the set second
threshold value 803 from the elastic volume data equivalent to
the soft region stored in the second elastic volume data storing
section 205 and performs volume rendering. While the soft
region usually has a large elasticity value, volume rendering
may be executed after converting the elasticity value into an
arbitrary large value in the same manner as the hard region.

In other words, the elastic volume data 804 which is harder
than the first threshold value 802 is extracted from the elastic
volume value equivalent to the hard region, for constructing a
3-dimensional elastic image. From the elastic volume data
equivalent to the soft region, the elastic volume data 805
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which is softer than the second threshold value 803 is
extracted for constructing a 3-dimensional elastic image.

Also as shown in FIG. 8(b) a first threshold value 807 and
a second threshold value 808 can be set to a color bar 806
which sets colors on elastic volume data. The control unit 103
detects the elasticity value a or the elasticity value [} which
correspond to the hue of the color bar 806. Also as shown in
FIG. 8(c), the elasticity value a or the elasticity value p such
as the strain or elasticity modulus may also be input directly
in the operation unit 104. The control unit 103 detects the
elasticity value a or the elasticity value f}. The description on
the volume rendering process in the first elastic rendering
calculation section 202 and the second elastic rendering cal-
culation section 206 using the elasticity value . or the elas-
ticity value f§ detected by the control unit 103 will be omitted
since it is the same as described above.

As described above, in accordance with the third embodi-
ment of the present invention, a 3-dimensional elastic image
can be constructed by further separating the elasticity volume
data equivalent to the hard region or the elastic volume data
equivalent to the soft region on the basis of the threshold value
and extracting a desired set of elastic volume data. Therefore,
it is possible to construct a 3-dimensional elastic image of the
hardness which is necessary for diagnosis, by eliminating the
3-dimensional elastic image of the unnecessary hardness.

Embodiment 4

Here, the fourth embodiment will be described referring to
FIG. 9. The difference from the first~third embodiment is that
a 3-dimensional elastic image is constructed by setting a
threshold value of an elasticity value on the basis of the
characteristic of the histogram of the elasticity value and
performing volume rendering with respect to the elastic vol-
ume data which is separated on the basis of a threshold value.

The elastic volume data separating section 200 separates
the elastic volume data into two sets ofthe hard region and the
soft region on the basis of a predetermined reference value of
the elastic volume data.

In FIG. 9, a histogram 900 showing the relationship
between the elasticity value such as the strain or the elasticity
modulus and the frequency in the elastic volume data which is
output from the elastic volume data generating unit 117 and a
plurality of lines for separating the elastic volume data are
displayed.

A line 901 is a mark indicating the hardest elasticity value
among the elastic volume data. A line 902 is a mark indicating
the softest elasticity value among the elastic volume data. A
line 903 is a mark indicating the average value in the elastic
volume data. A line 904 is a mark indicating the mode value
in the elastic volume data.

The elastic volume data separating section 200 separates
the elastic volume data on the basis of the mode value in the
histogram 900 of the elastic volume data. For example, the
elasticity-value range of the elastic volume data is set using
the mode valuexpredetermined value. The predetermined
value can be set by the operator via the operationunit 104. The
predetermined value can also be set using the statistics based
on the histogram 900. The first elastic rendering calculation
section 202 performs volume rendering with respect to the
elastic volume data within the set elasticity-value range for
constructing a 3-dimensional elastic image.

Also, a second elasticity-value range from the line 902 to
the line 908, based on the line 907, indicating a second mode
value which is the next highest mode value that follows the
highest mode value may be separated as shown in FIG. 9. The
second elastic rendering calculation section 206 performs

10

15

20

25

30

35

40

45

50

55

60

65

14

volume rendering with respect to the elastic volume data of
the second elasticity-value range for constructing a 3-dimen-
sional elastic image. Since the second elasticity-value range
is equivalent to the region which is softer than the average
value, it is colored in red using the color bar 906.

While the pattern up to the second mode value is described
in the present embodiment, a third and fourth mode values
may also be used. Also, the ratio between the elasticity value
of the mode value and the elasticity value equivalent to the
second mode value can be calculated and displayed on the
display unit 120.

Embodiment 5

Here, the fifth embodiment will be described referring
mainly to FIG. 10. The difference from the first~fourth
embodiments is that the 3-dimensional elastic image con-
structing unit 118 performs coloring in three dimensions on
the 3-dimensional elastic image based on the elastic volume
data whichis separated into the hard region and the soft region
using the color bar for 3-dimensional elastic images.

On the display unit 120, a 3-dimensional elastic image 10
which is constructed in the 3-dimensional elastic image con-
structing unit 118 and a 2-dimensional elasticimage 12 which
is constructed in the 2-dimensional elastic image constructing
unit 116 are displayed. On the 3-dimensional elastic image
10, a cross-section mark 11 indicating the cross section of the
2-dimensional elastic image 12 is displayed.

Also, colorbars 15 and 16 for 3-dimensional elastic images
to set the coloring on 3-dimensional elastic images and a color
bar 17 for 2-dimensional elastic images to set the coloring on
a 2-dimensional elastic image are displayed on the display
unit 120. The color bar 15 for 3-dimensional elastic images
shows the pattern of one color bar and the color bar 16 for
3-dimensional elastic images shows the pattern of two color
bars, of which one is to be displayed on the display unit 120.
The color bars 15 and 16 for 3-dimensional elastic images and
the color bar 17 for a 2-dimensional elastic image are set to
have different coloring features. The color bars 15 and 16 for
3-dimensional elastic images are set to display 3-dimensional
elastic images in 3-dimensions. The color bar 17 for a 2-di-
mensional elastic image is set to clearly display the distribu-
tion of elasticity values in the 2-dimensional elastic image
which is formed by the elasticity values based on the reflected
echo signals.

The elasticity volume data is separated into the elastic
volume data equivalent to the hard region and the elastic
volume data equivalent to the soft region by the elastic vol-
ume data separating section 200. Then the 3-dimensional
elastic image constructing unit 118 (elastic volume data sepa-
rating section 200) gives the color which indicates the hard-
ness (blue) and the color which indicates the three-dimen-
sionality (black) to the elasticity volume data equivalent to the
hard region on the basis of the color bars 15 and 16 for
3-dimensional elastic images, and gives the color which indi-
cates the softness (red) and the color which indicates the
3-dimensionality (black) to the elastic volume data equivalent
to the soft region.

The color bars 15 and 16 for 3-dimensional elastic images
are set to emphasize the black color as the pixel value after the
rendering decreases, and to emphasize the blue (red) color as
the pixel value increases. This is to exert the effect in the
equation (4) that the closer S(i) is to 1.0 the lighter the color
changes and the closer S(i) is to 0.0 the darker the color
changes.

While the information of hardness and shading is given to
the vertical axis of the color bars 15 and 16 for 3-dimensional
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elastic images in the above description, the information to be
given to color bars for 3-dimensional elastic images may be
two-dimensionally separated into the hardness for the vertical
axis and the shading for the lateral axis.

In this manner. a 3-dimensional elastic image is three-
dimensionally displayed by separating the elastic volume
data into the hard region and the soft region and coloring them
by the color bars 15 and 16 for 3-dimensional elastic images.

Also, the color bar 17 for 2-dimensional elastic images
converts the 2-dimensional elastic image from the color codes
of the light’s three primary colors, i.e. red, green and blue into
the colors which indicate the hardness or the softness. The
color bar 17 for 2-dimensional elastic images indicates the
soft region of biological tissues in red, the hard region in blue
and the intermediate hardness thereof in green. Though not
shown in the diagram, there is no borderline between red
color and green color as well as between green color and blue
color, and these colors are connected by gradation. The 2-di-
mensional elastic image is set so that the elasticity values
therein can be recognized on the basis of the colors set by the
color bar 17 for 2-dimensional elastic images. Thus, the dis-
tribution of elasticity values in the 2-dimensional elastic
image can be clearly displayed.

In this manner, 3-dimensional elastic images and a 2-di-
mensional elastic image which are suitable for diagnosis can
be displayed, since the coloring features are differentiated in
the color bars 15 and 16 for 3-dimensional elastic image and
the color bar 17 for 2-dimensional elastic images.

Embodiment 6

Here, the sixth embodiment will be described referring to
FIG. 11. The difference from the first~fifth embodiments is
that an elastic data separating unit 20 is provided which
separates the elasticity data into plural hardness regions based
on the elasticity values in the 2-dimensional elastic image
output from the 2-dimensional elastic image constructing unit
116.

While the elastic volume data separating section 200 sepa-
rates the elastic volume data output from the elastic volume
data generating unit 117 into plural sets of elastic volume data
in the first~fifth embodiments, the elastic volume data may
also be separated before being generated as shown in FIG. 11
s0 as to generate the elastic volume data from the separated
sets of elastic data.

The elastic data separating unit 20 separates the elastic data
into plural hardness regions on the basis of the elasticity
values of the 2-dimensional elastic image output from the
2-dimensional elastic image constructing unit 116. A first
elastic volume data generating unit 21 generates elastic vol-
ume data using the 2-dimensional elastic image from one set
of data which is separated by the elastic data separating unit
20, and a second elastic volume data generating unit 22 gen-
erates elastic volume data using the other 2-dimensional elas-
tic image from the data which is separated by the elastic data
separating unit 20. The separation method of the elastic data
separating unit 20 is the same as in the first~fifth embodi-
ments.

DESCRIPTION OF REFERENCE NUMERALS

100:
102:
103:
104:
105:
106:

ultrasonic diagnostic apparatus
ultrasonic probe

control unit

operation unit

transmission unit

reception unit
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transmission/reception control unit
phasing and adding unit
data storage unit
2-dimensional tomographic image constructing unit
tomographic volume data generating unit
3-dimensional elastic image constructing unit
2-dimensional elastic image constructing unit
elastic volume data generating unit
118: 3-dimensional elastic image constructing unit
119: synthesis processing unit
120: display unit
The invention claimed is:
1. An ultrasonic diagnostic apparatus comprising;
an ultrasonic probe provided with transducers configured
to transmit/receive ultrasonic waves;
a transmitter configured to transmit ultrasonic waves to an
object to be examined via the ultrasonic probe;
areceptor configured to receive reflected echo signals from
the object;
an elastic volume data generator for generating elastic
volume data by using the reflected echo signals; and
a 3-dimensional elastic image constructor configured to
construct a 3-dimensional elastic image by performing
volume rendering on the elastic volume data; and
a display configured to display the 3-dimesnional elastic
image,
wherein the 3-dimensional elastic image constructor com-
prises:

an elastic volume data grouper for grouping the elastic
volume data into a first set of elastic volume data of a
hard region and a second set of elastic volume data of
a soft region by using an elastic value,

a first elastic renderer for volume rendering a first set of
elastic volume data to produce a first 3-dimensional
elastic image of the hard region,

a second elastic renderer for volume rendering a second
set of elastic volume data to produce a second 3-di-
mensional elastic image of the soft region,

a3-dimensional elastic image synthesizer for synthesiz-
ing the first 3-dimensional elastic image and the sec-
ond 3-dimensional elastic image,

wherein the 3-dimensional elastic image synthesizer syn-
thesizes the first 3-dimensional elastic image and the
second 3-dimensional elastic image to thereby superim-
pose the first 3-dimensional elastic image and the second
3-dimensional elastic image onto the display screen.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the elastic volume data grouper is configured to
separate the elastic volume data into the hard region and the
soft region on the basis of a predetermined reference value of
the elastic volume data.
3. The ultrasonic diagnostic apparatus according to claim
2, wherein the predetermined reference value is any of the
average value, the median or the mode value of the elastic
volume data.
4. The ultrasonic diagnostic apparatus according to claim
2, wherein the elastic volume data grouper sets the elastic
volume data equivalent to the hard region to be colored in blue
and the elastic volume data equivalent to the soft region to be
colored in red, on the basis of the predetermined reference
value.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the elastic volume data grouper is configured to
separate the elastic volume data into the elastic volume data
having the elasticity value which is harder than the elasticity
value of the reference value on the basis of the reference value
positioned at the elasticity value which is softer than the
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hardest elasticity value in the elastic volume data by the
portion of a predetermined value and the elastic volume data
having the elasticity value which is softer than the elasticity
value of the reference value on the basis of the reference value
which is positioned at the elasticity value harder than the
softest elasticity value in the elastic volume data by the por-
tion of a predetermined value.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the 3-elastic volume data grouper is configured to
separate the elastic volume data into the hard region, the soft
region and the region having the average hardness, on the
basis of predetermined values in the elastic volume data.

7. The ultrasonic diagnostic apparatus according to claim
1, comprising an operation unit configured to set a threshold
value of the elasticity value, wherein the 3-dimensional elas-
tic image constructor constructs a 3-dimensional elastic
image by further separating the elastic volume data which is
separated into the hard region and the soft region on the basis
ofthe set threshold value and converting the voxel value of the
further separated elastic volume data sets into the voxel value
which is larger than the original voxel value at the time of
performing volume rendering.

8. The ultrasonic diagnostic apparatus according to claim
7, wherein the threshold value is set based on the charactet-
istic of a histogram of the elasticity value.

9. The ultrasonic diagnostic apparatus according to claim
2, wherein the 3-dimensional elastic image constructor pet-
forms coloring on the 3-dimensional elastic image in three
dimensions based on the elastic volume data which is sepa-
rated into the hard region and the soft region using a color bar
for 3-dimensional elastic images.

10. The ultrasonic diagnostic apparatus according to claim
9, wherein the 3-dimensional elastic image constructor gives
a color which indicates the hardness and a color which indi-
cates the three-dimensionality to the elastic volume data
equivalent to the hard region, and a color which indicates the
softness and a color which indicates the 3-dimensionality to
the elastic volume data equivalent to the soft region, on the
basis of the color bars for 3-dimensional elastic images.

11. The ultrasonic diagnostic apparatus according to claim
10, wherein the color bar for 3-dimensional images is set to
emphasize black color as the pixel value of the elastic volume
data equivalent to the hard region after the rendering
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decreases and blue color as the pixel value after the rendering
increases, and to emphasize black color as the pixel value of
the elastic volume data equivalent to the soft region after the
rendering decreases and red color as the pixel value after the
rendering increases.
12. The ultrasonic diagnostic apparatus according to claim
9, wherein the color bar for 3-dimensional elastic images and
a color bar for 2-dimensional elastic images configured to
perform coloring on the 2-dimensional elastic image formed
by the elasticity values based on the reflected echo signals are
set to have different coloring features.
13. The ultrasonic diagnostic apparatus according to claim
1, wherein the display screen displays a preferential display
setting providing an indication priority of the first 3-dimen-
sional elastic image and the second 3-dimensional elastic
image.
14. An ultrasonic image display method including steps of:
constructing a 3-dimensional image by receiving reflected
echo signals and performing volume rendering on elas-
tic volume data; and
displaying the 3-dimensional elastic image on a display
screen,
wherein the step of constructing a 3-dimensional elastic
image comprises:
grouping the elastic volume data into a first set of elastic
volume data of a hard region and a second set of
elastic volume data of a soft region by using an elastic
value;
volume rendering a first set of elastic volume data to
producea first 3-dimensional elastic image of the hard
region,
volume rendering a second set of elastic volume data to
produce a second 3-dimensional elastic image of the
soft region; and
synthesizing the first 3-dimensional elastic image and
the second 3-dimensional elastic image, wherein the
synthesizing includes synthesizing the first 3-dimen-
sional elastic image and the second 3-dimensional
elastic image to thereby superimpose the first 3-di-
mensional elastic image and the second 3-dimen-
sional elastic image onto the display screen.
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