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(57)  Provided is an ultrasonic diagnostic apparatus
configured to appropriately display a region of interest
thatis intended to be observed in a 3-dimensional elastic
image, and also provided is an ultrasonic image display
method.

ULTRASONIC DIAGNOSTIC DEVICE AND ULTRASONIC IMAGE DISPLAY METHOD

The ultrasonic diagnostic apparatus comprises an

elastic opacity table creating section (204, 704, 904) for
creating, on the basis of the elasticity values, an elastic
opacity table used for setting an opacity in the volume

rendering of the elastic volume data.
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Description
Field of the Invention

[0001] 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 hardness or softness of biological tissue in an object
using ultrasonic waves.

Description of Related Art

[0002] An ultrasonic diagnostic apparatus transmits ultrasonic waves to the inside of an object to be examined by an
ultrasonic probe, and is capable of obtaining and displaying a 3-dimensional tomographic image and a 3-dimensional
elastic image on the basis of the reception signals received from the biological tissue in the object.

[0003] At the time of superimposing and displaying a 3-dimensional 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

[0004] Patent Document 1: JP-A-2008-259605

[0005] Though the technique disclosed in Patent Document 1 performs volume rendering of a 3-dimensional tomo-
graphic image based on an opacity table in which the opacity is defined in accordance with the feature quantity of an
elasticity value, the setting of opacity in the volume rendering process of the 3-dimensional elastic image is not disclosed
therein.

[0006] Therefore, there is a possibility, at the time of constructing a 3-dimensional elastic image by performing volume
rendering 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.

[0007] The objective of the present invention is to provide the ultrasonic diagnostic apparatus and the ultrasonic image
display method capable of appropriately displaying a desired region of interest in a 3-dimensional elastic image.

Brief Summary of the Invention

[0008] In order to achieve the above-described objective, the ultrasonic diagnostic apparatus of the present invention
comprises:

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

a transmission 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;

a 3-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 elastic image,

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

[0009] In accordance with the present invention, it is possible to appropriately display a desired region of interest in
a 3-dimensional elastic image.

Brief Description of the Drawings
[0010]

Fig. 1 is a block diagram showing the general configuration of the present invention.
Fig. 2 is a view showing a 3-dimensional tomographic image constructing unit 117 and a 3-dimensional elastic image
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constructing unit 118 of the present invention.

Fig. 3 shows an example of an elastic opacity table in a 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

[0011] 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 configured 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/reception 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.

[0012] The ultrasonic probe 102 is formed by a plurality of transducers arrayed therein, and has a function to transmit/
receive ultrasonic waves to the object via the transducers. The ultrasonic 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 direction of the plurality of transducers. The ultrasonic probe 102
may also be provided with a plurality of transducers being 2-dimensionally arrayed therein and a function capable of
electronically controlling transmission and reception of ultrasonic waves.

[0013] 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 amplifying 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.

[0014] 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.

[0015] Further, the ultrasonic diagnostic apparatus 100 comprises a data storage unit 109 configured to store the RF
signal frame data generated in the phasing and adding unit 108, a 2-dimensional 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-dimensional coordinate conversion on the 2-dimensional tomographic image constructed by the 2-
dimensional tomographic image constructing unit 113 on the basis of the position where the 2-dimensional tomographic
image is obtained, a 3-dimensional tomographic image constructing unit 117 configured to construct a 3-dimensional
tomographic image from tomographic volume data, a 2-dimensional elastic image constructing 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-dimen-
sional coordinate conversion on the 2-dimensional elastic image constructed in the 2-dimensional elastic image con-
structing 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 performed, a synthesis processing unit 110 configured to synthesize a 2-dimensional
tomographic image and a 2-dimensional elasticimage or a 3-dimensional tomographicimage and a 3-dimensional elastic
image, and a display unit 111 configured to display images such as a synthetic image which is synthesized by the
synthesis processing unit 110, a 2-dimensional tomographic image or a 2-dimensional tomographic image.

[0016] 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.

[0017] The 2-dimensional tomographic image constructing unit 113 executes signal processing such as gain compen-
sation, log compression, detection, edge enhancement or filtering by inputting the RF signal frame data output from the
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data storage unit 109 on the basis of the setting condition in the control unit 103, and constructs a 2-dimensional
tomographic image.

[0018] The ultrasonic probe 2 is capable of measuring the transmission/reception directions ( 8, ¢) at the time of
transmitting and receiving ultrasonic waves, and the tomographic volume data generating unit 115 generates the tom-
ographic volume data by executing 3-dimensional conversion on plural 2-dimensional tomographic images on the basis
of the transmission/reception directions ( 8, ¢ ) which are equivalent to the positions where the 2-dimensional images
are obtained.

[0019] 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).

[0020] Thetomographic 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 volume rendering on the basis of the created tomographic
opacity table using the following equation for constructing a 3-dimensional tomographic image from the tomographic
volume data.

[0021]

[Equation 1]

Cout(i) = Cout(i—1)+ (a — Aout(i —1))e A(i) e C(i) ® S(i) (D
Aout(i) = Aout(i—1) + (1— Aour(i—1)) e A(i) (2)
A(i) = Opacity[C()] 3)

[0022] 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 i=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.

[0023] 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 determines the contribution ratio on the output 2-dimensional
projected plane (3-dimensional tomographic image) by referring to the opacity based on the luminance value.

[0024] S(i) is the weighting component for shading to be computed 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 "i", 1.0 is given for the maximum reflection, and when the light source and the normal line
are orthogonal to each other, 0.0 is given which indicates accentuation effect.

[0025] 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.

[0026] 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 opacity table, and outputs the constructed 3-dimen-
sional tomographic image to the synthesis processing unit 110.

[0027] 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 tomographic volume data in which the changes are
made in accordance with the changed tomographic opacity table can be imaged.
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[0028] 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, elasticity modulus, displacement, viscosity or strain
ratio.

[0029] The elastic volume data generating unit 116 executes 3-dimensional conversion on plural 2-dimensional elastic
images on the basis of the transmission/reception directions ( €, ¢ ) 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.

[0030] The 3-dimensional elastic image constructing unit 118 constructs a 3-dimensional elastic image by setting the
opacity in volume rendering of the elastic volume data on the basis of the elasticity values. The opacity is set by the
elastic opacity 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).

[0031] 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.

[0032] 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, a color bar 304 which corresponds to the
elasticity value of the opacity table is displayed on Fig. 3 and Fig. 4.

[0033] As shown in Fig. 3, the elastic opacity table is set by the opacity line 300 to emphasize and display the region
of interest (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) determined by the elasticity value becomes higher compared
to the opacity of the region other than the region of interest (standard 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.

[0034] In the elastic opacity table, when the opacity in the opacity line 300 of the region of interest (hard region) to
which blue 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 set as 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 relatively. 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).

[0035] Inthe 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.

[0036] The elastic opacity table creating section 204 makes changes in the opacity of the opacity line 300 which is
equivalent to the region (the region including the standard region) other than the region of interest to which green color,
etc. is given.

[0037] Inconcrete 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).

[0038] 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.
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[0039] The elastic rendering calculation section 206 performs volume 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.
[0040]

[Equation 2]

Eout(i) = Eout(i — 1)+ (1— Aout(i — 1)) ® A(i) ® E(i)® S(i) (4)
Aout(i) = Aout(i—1)+ (1 — Aout(i — 1)) ® A(Q) &)
A(i) = Opacity[E()] (6)

[0041] 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, 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).

[0042] S(i) is the weighting component for shading to be computed 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 normal line are orthogonal to each other, 0.0 is given which indicates accentuation effect.

[0043] 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.

[0044] The synthesis processing unit 110 respectively reads out the 3-dimensional tomographic image which is con-
structed as above and a 3-dimensional elastic image, performs cumulative 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 display unit 111 displays the 3-dimensional synthetic image created in the synthesis processing unit 110.

[0045] 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 Fig. 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. is given.

[0046] 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 operation 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 direction, 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).
[0047] 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(b). 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
higher compared to the opacity of the region other than the region of interest (standard region) to which green color,
etc. is given.

[0048] 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
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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).

[0049] 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.

[0050] 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-dimensional elastic image.

[0051] 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.

[0052] The opacity setting area 504 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) 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.

[0053] Since the image 500, the opacity table selecting area 502, the opacity setting area 504 and the opacity table
are displayed 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.

[0054] As described above, in accordance with the first embodiment, 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.

[0055] Forexample, 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 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.

[0056] In this manner, a region of interest which is the observation target in a 3-dimensional elastic image can be
appropriately displayed.

[0057] Here, the second embodiment will be described referring to Fig. 1 ~ Fig. 6. The difference from the first em-
bodiment 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.

[0058] The elastic opacity table creating section 204 sets the opacity 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.

[0059] 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 equivalent 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.

[0060] 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.

[0061] As described above, in accordance with the present embodiment, at the time of constructing a 3-dimensional
elastic 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.

[0062] 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
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rendering is performed.

[0063] As shown in Fig. 7, the 3-dimensional elastic image constructing 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 configured 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 perform volume rendering on the elastic volume data
using the created elastic opacity table.

[0064] 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 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.

[0065] 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 compared to the opacity of
the region other than the region of interest (standard region) to which green color, etc. is given.

[0066] 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 rendering. 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.

[0067] 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 < T2 = 0.5).

[0068] The elastic rendering calculation section 706 performs volume 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).
[0069] On the other hand, in the pattern of Fig. 8(b), 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 unit 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.

[0070] As in the first embodiment, the elastic opacity table creating section 704 first sets the opacity of the 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.

[0071] 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 performing 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).

[0072] 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 high (for example, 0.1 < T2 = 0.3).
[0073] The elastic rendering calculation section 706 performs volume 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).
[0074] Inthe 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 performing 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 low. 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).

[0075] The fourth embodiment will be described referring to Fig. 1 ~ Fig. 10. The difference between the present



10

15

20

25

30

35

40

45

50

55

EP 2 526 871 A1

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.
[0076] As shown in Fig. 9, the 3-dimensional elastic image constructing 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 perform volume rendering of the elastic volume data using the created elastic opacity table.

[0077] 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.

[0078] 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).

[0079] 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.

[0080] 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 concrete 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 given in the downward direction, and lowers
the opacity of the region other than the region of interest as shown in Fig. 4(b).

[0081] 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 opacity graph 1006 with respect to the visual-line distance (number 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 elasticity value becomes half the elasticity value of the elastic volume data, and the value can
be diagnosed as harder than the actual hardness.

[0082] Given this factor, the elasticity opacity table creating section 904 sets the opacity in the elasticity opacity table
so that the cumulative opacity graph 1006 in the line of sight (direction) 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).
[0083] The elastic rendering calculation unit 906 performs volume rendering using the elasticity opacity table created
in the elastic opacity table creating section 904 the above equation (equation 2).

[0084] Inthefourthembodiment, a 3-dimensional elasticimage can be displayed evenly from any line of sight (direction),
by analyzing the cumulative opacity in the line of sight (direction) and setting the opacity of the elastic opacity table on
the basis of the analyzed cumulative opacity.

Description of Reference Numerals
[0085]

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
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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

Claims

1. An ultrasonic diagnostic apparatus comprising:

10.

11.

12.

an ultrasonic probe provided with transducers for transmitting/receiving ultrasonic waves;
a transmission unit configured to transmit ultrasonic waves to an object to be examined via the ultrasonic probe;
a reception unit configured to receive the reflected echo signal from the object:

a 3-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

a display unit configured to display the 3-dimensional elastic image,

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

The ultrasonic diagnostic apparatus according to claim 1, wherein the opacity is set using an elastic opacity table
in which the relationship between the opacity and the elasticity value is set.

The ultrasonic diagnostic apparatus according to claim 2, wherein the elastic opacity table is set so that the opacity
of the region of interest which is determined by the elasticity value becomes higher compared to the opacity of the
region other than the region of interest.

The ultrasonic diagnostic apparatus according to claim 2, wherein the elastic opacity table is formed by an opacity
line for setting the opacity in accordance with the elasticity values.

The ultrasonic diagnostic apparatus according to claim 2, comprising an elastic opacity table creating section con-
figured to create the elastic opacity table in which the relationship between the opacity and the elasticity values is set.

The ultrasonic diagnostic apparatus according to claim 5, wherein the elastic opacity table creating section sets the
opacity of the elastic opacity table which is equivalent to the region other than the region of interest.

The ultrasonic diagnostic apparatus according to claim 2, comprising an opacity table selecting area configured to
select the elastic opacity table from among the plurality of elastic opacity tables that are stored in advance.

The ultrasonic diagnostic apparatus according to claim 2, wherein the display unit displays the 3-dimensional elastic
image and the elastic opacity table.

The ultrasonic diagnostic apparatus according to claim 8, wherein the display unit displays an opacity setting area
for setting the opacity.

The ultrasonic diagnostic apparatus according to claim 7, wherein the display unit displays an opacity table selecting
area for selecting the elastic opacity table from among the plurality of elastic opacity tables.

The ultrasonic diagnostic apparatus according to claim 1, comprising a 3-dimensional tomographic image construct-
ing unit configured to generate tomographic volume data on the basis of the reflected echo signals and perform
volume rendering based on the luminance and opacity of the tomographic volume data, wherein the display unit
displays a 3-dimensional tomographic image.

The ultrasonic diagnostic apparatus according to claim 2, wherein the opacity in the elastic opacity table is set based
on the number of voxels of the elastic volume data on which the volume rendering is performed.

10
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13.

14.

15.

EP 2 526 871 A1

The ultrasonic diagnostic apparatus according to claim 12, comprising a voxel counting section configured to execute
the processing for searching a structural object positioned at the shallowest or deepest portion in the line of sight,
and computes the number of voxels up to the searched structural object.

The ultrasonic diagnostic apparatus according to claim 2, wherein the opacity of the elastic opacity table is set on
the basis of the cumulative opacity of the elastic volume data in the line of sight.

An ultrasonic image display method which performs volume rendering on elastic volume data formed by elasticity

values based on the reflected echo signals of ultrasonic waves and displays a 3-dimensional elastic image, wherein
the opacity in volume rendering of the elastic volume data is set on the basis of the elasticity values.
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