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(7) ABSTRACT

An ultrasonic diagnostic device and ultrasonic three-dimen-
sional image generation method generate a three-dimensional
image by expressing interaction by dispersion, absorption, or
the like of light in tissue or between tissues. The ultrasonic
diagnostic device displays a three-dimensional image of a
target object based on at least one piece of volume data among
luminance volume data, blood flow volume data, and elastic-
ity volume data. The ultrasonic diagnostic device includes: a
light source setting unit to set light source data indicating
characteristics of a light source set in a three-dimensional
space; an optical characteristic setting unit to set characteris-
tics of the volume data related to the light source; an illumi-
nation calculation unit calculates illumination of coordinates
of the volume data based on the light source data and optical

(51) Imt.ClL characteristics and generate illumination volume data based
A61B 8/08 (2006.01) on calculated illumination; and a projection processing umt
A61B 8/06 (2006.01) generates the three-dimensional image from the illumination
A61B 8/00 (2006.01) volume data.
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ULTRASONIC DIAGNOSTIC DEVICE AND
ULTRASONIC THREE-DIMENSIONAL
IMAGE GENERATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic device, and particularly, to an ultrasonic diagnostic
device generating a three-dimensional projection image from
at least one of a plurality of pieces of ultrasonic volume data.

BACKGROUND ART

[0002] Ultrasonic diagnostic devices transmit ultrasonic
waves to the insides of objects by ultrasonic probes, receive
reflected echo signals of the ultrasonic waves according to the
structures of biological tissues from the insides of the objects,
and construct, for example, luminance tomographic images
such as ultrasonic tomographic images (B mode images) to
display the luminance tomographic images for diagnosis.

[0003] When three-dimensional ultrasonic data is col-
lected, technologies for observing the surfaces of target
objects by performing coordinate conversion on three-dimen-
sional data obtained when probes are automatically or manu-
ally scanned in shorter-axis directions, subsequently recon-
structing ultrasonic image data in visual line directions, and
generating three-dimensional images have been generally
used.

[0004] At present, technologies called real-time 3D or 4D
are generally used to display three-dimensional moving
images by performing signal processing on reflected echo
signals in real time.

[0005] Such three-dimensional images are excellent in sur-
face shape rendering abilities, and thus are effective in diag-
nosis of diseases of fissures (lips, cleft palates, and the like) on
skins which are difficult to diagnose from ultrasonic tomo-
graphic images showing one cross section.

[0006] However, since many artifacts peculiar to ultrasonic
waves, such as speckle noise are present in ultrasonic images,
image quality is improved through smoothing processes or
the like. However, there is an adverse effect in which bound-
aries become continuous due to the smoothing processes, and
thus fissures on skins are continuously displayed.

[0007] As a method of resolving this problem in an image
processing device which can display a three-dimensional
image, there is an image processing device capable of obtain-
ing a combined three-dimensional image with excellent
image quality by causing structure understanding of an
inspection target object and extraction ofa surface shape to be
compatible (for example, see PTL 1).

[0008] Further, three-dimensional blood flow data or three-
dimensional hardness data can be collected from reflected
echo signals using a Doppler method and a three-dimensional
image of the blood flow data or the hardness data can be
generated (for example, see PTL 2).

CITATION LIST

Patent Literature
[0009] [PTL 1] JP-A-2006-130071
[0010] [PTL 2] WO2011/099410
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SUMMARY OF INVENTION

Technical Problem

[0011] However, in ultrasonic diagnostic devices (image
processing devices) of the related art, excellent image quality
can be obtained by causing structure understanding of an
inspection target object and the extraction of the surface
shape to be compatible. However, images of which reality is
improved through shades or the like by setting light sources in
volume rendering methods as in optical photos could not be
obtained.

[0012] In ultrasonic diagnostic devices (image processing
devices) of the related art, three-dimensional images proper
for structure recognition can be generated while changing
positional relations between three-dimensional luminance
data corresponding to tissue structures and three-dimensional
blood flow data corresponding to vascular structures at scales
called contribution ratios. However, three-dimensional
images of which reality is improved in consideration of opti-
cal interaction between tissues with different natures (for
example, between tissues such as skin tissues, fat tissues,
blood vessels, and tumor tissues) could not be obtained.

[0013] The present invention is devised to resolve the fore-
going problems and an object of the present invention is to
provide an ultrasonic diagnostic device that generates a three-
dimensional image of which reality is improved by express-
ing a behavior (leakage, absorption, diffusion, reflection, or
the like) oflight in tissues, reproducing shades behind tissues
or local shades occurring in fissures of skins, and expressing
shade effects by leakage, absorption, or the like of light.
Further, the present invention is devised to resolve the fore-
going problems and another object of the present invention is
to provide an ultrasonic diagnostic device that generates a
three-dimensional image of which reality is improved by
expressing a behavior of light in tissues and expressing intet-
action of light between tissues with different natures.

Solution to Problem

[0014] According to an aspect of the present invention,
there is provided an ultrasonic diagnostic device that displays
a three-dimensional image of a target object based on at least
one piece of volume data among luminance volume data,
blood flow volume data (including blood flow rate volume
data, blood flow amplitude volume data, and blood flow dis-
persion volume data), and elasticity volume data. The ultra-
sonic diagnostic device includes: a light source information
setting unit configured to set light source data indicating
characteristics of a light source set in a three-dimensional
space; an optical characteristic setting unit configured to set
optical characteristics of the volume data in regard to the light
source; an illumination calculation unit configured to calcu-
late illumination of a position according to coordinates of the
volume data based on the light source data and the optical
characteristics and generate illumination volume data based
on the calculated illumination; and a projection processing
unit configured to generate the three-dimensional image from
the illumination volume data.

Advantageous Effects of Invention

[0015] The present invention can provide an ultrasonic
diagnostic device that generates a three-dimensional image of
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which reality is improved by expressing interaction by diffu-
sion, absorption, and the like of light in a tissue or between
different tissues.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG.1isa block diagram illustrating an example of
an ultrasonic diagnostic device according to a first embodi-
ment.

[0017] FIG. 2 is a block diagram illustrating an example of
a three-dimensional image processing unit according to the
first embodiment.

[0018] FIG. 3 is a conceptual diagram schematically illus-
trating a positional relation between luminance volume data
and a light source.

[0019] FIG. 4isa block diagram illustrating an example of
the configuration of an illumination calculation unit accord-
ing to the first embodiment.

[0020] FIG. 5 is a diagram illustrating an example of a
luminance two-dimensional weight coefficient table accord-
ing to the first embodiment.

[0021] FIG. 6 is a diagram for describing characteristics of
athree-dimensional image according to the first embodiment.
[0022] FIG. 7 is a diagram illustrating a display example
according to the first embodiment.

[0023] FIG. 8is a block diagram illustrating a modification
example of the three-dimensional image processing unit
according to the first embodiment.

[0024] FIG. 9 is a conceptual diagram illustrating illumi-
nation calculation according to the modification example of
the first embodiment.

[0025] FIG.101s ablock diagramillustrating an example of
an illumination correction unit.

[0026] FIG. 11 is a block diagram illustrating a two-dimen-
sional convolution processing unit according to another
modification example of the first embodiment.

[0027] FIG. 12 is a diagram illustrating a color map dis-
played by a display unit.

[0028] FIG. 13 is a diagram illustrating an example of a
method of selecting a color map.

[0029] FIG. 14 is a diagram illustrating another example of
the method of selecting a color map.

[0030] FIG.15is ablock diagramillustrating an example of
an ultrasonic diagnostic device according to a second
embodiment.

[0031] FIG.16is ablock diagramillustrating an example of
a three-dimensional image processing unit according to the
second embodiment.

[0032] FIG.17is aconceptual diagram schematically illus-
trating a positional relation between luminance volume data
or blood flow volume data and a light source.

[0033] FIG.18is ablock diagramillustrating an example of
the configuration of an illumination calculation unit accord-
ing to the second embodiment.

[0034] FIG. 19 is a diagram illustrating an example of a
luminance two-dimensional weight coefficient table and a
blood flow two-dimensional weight coefficient table accord-
ing to the second embodiment.

[0035] FIG.20isadiagram for describing characteristics of
a three-dimensional image according to the second embodi-
ment.

[0036] FIG. 21 is a diagram illustrating display examples
according to the second embodiment.
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[0037] FIG. 22 is a diagram illustrating a modification
example of a luminance blood flow two-dimensional weight
coefficient table according to the second embodiment.
[0038] FIG. 23 is a diagram illustrating an example of a
luminance blood flow three-dimensional weight coefficient
table according to the second embodiment.

[0039] FIG. 24 is ablock diagram illustrating an example of
an ultrasonic diagnostic device according to a third embodi-
ment.

[0040] FIG. 25 is ablock diagram illustrating an example of
a three-dimensional image processing unit according to the
third embodiment.

[0041] FIG. 26 is aconceptual diagram schematically illus-
trating a positional relation between luminance volume data
or elasticity volume data and a light source.

[0042] FIG.27is ablock diagramillustrating an example of
the configuration of an illumination calculation unit accord-
ing to the third embodiment.

[0043] FIG. 28 is a diagram illustrating an example of a
luminance elasticity three-dimensional weight coefficient
table according to the third embodiment.

[0044] FIG.29isadiagram fordescribing characteristics of
a three-dimensional image according to the third embodi-
ment.

[0045] FIG. 30 is a diagram illustrating display examples
according to the third embodiment.

[0046] FIG. 31 is ablock diagram illustrating an example of
a three-dimensional image processing unit according to a
fourth embodiment.

[0047] FIG. 32 is aschematic diagram illustrating effects of
exchange of values of components (RGB).

[0048] FIG. 33 is aschematic diagram illustrating effects of
multiplication of the components by coefficients.

[0049] FIG. 34 is ablock diagram illustrating an example of
athree-dimensional image processing unit according to a fifth
embodiment.

[0050] FIG. 35 is aschematic diagram illustrating effects of
exchange of values of components (RGB).

[0051] FIG. 36 is a diagram illustrating a modification
example of a luminance elasticity two-dimensional weight
coefficient table according to the third embodiment.

[0052] FIG. 37is adiagram illustrating examples of a lumi-
nance two-dimensional weight coefficient table and an elas-
ticity second-order weight coefficient table according to the
third embodiment.

[0053] FIG. 38 is a block diagram illustrating a modifica-
tion example of an ultrasonic diagnostic device.

[0054] FIG. 39 is a block diagram illustrating a modifica-
tion example of the three-dimensional image processing unit.
[0055] FIG. 40 is a block diagram illustrating another
modification example of the ultrasonic diagnostic device.
[0056] FIG. 41 is a block diagram illustrating another
modification example of the three-dimensional image pro-
cessing unit.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0057] Hereinafter, an ultrasonic diagnostic device accord-
ing to a first embodiment of the present invention will be
described with reference to the drawings. FIG. 1 is a block
diagram illustrating an example of the ultrasonic diagnostic
device according to the embodiment. As illustrated in FIG. 1,
an ultrasonic diagnostic device 0001 includes a control umt
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0003, an operation unit 0004, a transmission unit 0005, a
reception unit 0006, a transmission and reception control unit
0007, a phasing addition unit 0008, a display unit 0009, a
luminance information calculation unit 0011, a three-dimen-
sional luminance data storage unit 0012, an arbitrary cross-
sectional image generation unit 0013, a three-dimensional
coordinate conversion unit 0014, a luminance volume data
storage unit 0015, a three-dimensional image processing unit
0016, an image combination unit 0017, a projection process-
ing unit 0018, and a gradient calculation unit 0019. The
ultrasonic diagnostic device 0001 displays a three-dimen-
sional image of a target object based on luminance volume
data. An ultrasonic probe 0002 is connected to the ultrasonic
diagnostic device 0001.

[0058] The ultrasonic probe 0002 is brought into contact
with an object 0010 for use. The ultrasonic probe 0002 is
formed such that a plurality of vibrators are arranged and has
a function of transmitting and receiving ultrasonic waves via
the vibrators to and from the object 0010. The ultrasonic
probe 0002 is configured to include the plurality of vibrators
formed in a one-dimensional straight-line shape or linear
shape. and can electrically transmit and receive ultrasonic
waves in the arrangement direction of the probe and simulta-
neously transmit and receive ultrasonic waves three-dimen-
sionally by mechanically vibrating or manually moving the
vibrators in a direction perpendicular to the arrangement
direction of the plurality of vibrators. The ultrasonic probe
0002 may be configured such that the plurality of vibrators are
arranged two-dimensionally and can electrically control
transmission and reception of ultrasonic waves,

[0059] The control unit 0003 controls each constituent ele-
ment of the ultrasonic diagnostic device 0001 and the ultra-
sonic probe 0002. The operation unit 0004 performs various
inputs to the control unit 0003. The operation unit 0004
includes a keyboard or a track ball.

[0060] The transmission unit 0005 repeatedly transmits
ultrasonic waves to the object 0010 via the ultrasonic probe
0002 at constant time intervals. The transmission unit 0005
drives the vibrators of the ultrasonic probe 0002 to generate
transmission wave pulses for generating ultrasonic waves.
The transmission unit 0005 has a function of setting a con-
vergent point of the ultrasonic waves to be transmitted at a
certain depth. The reception unit 0006 receives reflected echo
signals reflected from the object 0010. The reception unit
0006 amplifies the reflected echo signals received by the
ultrasonic probe 0002 at a predetermined gain to generate RF
signals, that is, received signals. The transmission and recep-
tion control unit 0007 controls the transmission unit 0005 and
the reception unit 0006.

[0061] The phasing addition unit 0008 performs phasing
addition on the reflected echo signals received by the recep-
tion unit 0006. The phasing addition unit 0008 controls the
phases of the RF signals amplified by the reception unit 0006
to form ultrasonic beams at one convergent point or a plurality
of convergent points and generates RF signal frame data
(corresponding to RAW data). The luminance information
calculation unit 0011 constructs a tomographic image based
on the RF signal frame data generated by the phasing addition
unit 0008. The three-dimensional luminance data storage unit
0012 stores a plurality of tomographic images formed by the
luminance information calculation unit 0011.

[0062] The arbitrary cross-sectional image generation unit
0013 generates an arbitrary cross-sectional image based on
the acquired shape of the tomographic image. The three-
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dimensional coordinate conversion unit 0014 performs three-
dimensional coordinate conversion based on the acquired
shape of the tomographic image to generate luminance vol-
ume data and stores the luminance volume data in the lumi-
nance volume data storage unit 0015. The three-dimensional
image processing unit 0016 generates illumination volume
data using the luminance volume data stored in the luminance
volume data storage unit 0015.

[0063] The gradient calculation unit 0019 generates gradi-
ent volume data using the luminance volume data stored in
the luminance volume data storage unit 0015. A gradient
value of the gradient volume data (the luminance gradient
volume data) is a value indicating a slope (for example, a
slope of a normal line in a three-dimensional shape or an
angle between of the normal line in the three-dimensional
shape and a light source direction) of a three-dimensional
shape calculated based on a luminance value. The projection
processing unit 0018 generates a three-dimensional image by
performing a rendering process using the illumination vol-
ume data, the luminance volume data, and the gradient vol-
ume data (luminance gradient volume data). The projection
processing unit 0018 may also generate a three-dimensional
image from the luminance volume data and the illumination
volume data. The image combination unit 0017 combines the
three-dimensional image generated by the projection pro-
cessing unit 0018 and the arbitrary cross-sectional image
(arbitrary cross-sectional image of three-dimensional lumi-
nance data) generated by the arbitrary cross-sectional image
generation unit 0013. The display unit 0009 displays a display
image generated by the image combination unit 0017.
[0064] Next, a process for the three-dimensional data will
be described. The ultrasonic probe 0002 can transmit and
receive the ultrasonic waves and can perform measurement
along two axes of, for example, 6 and ¢ while switching
transmission and reception directions two-dimensionally.
The luminance information calculation unit 0011 constructs
two-dimensional tomographic data by inputting the RF signal
frame data output from the phasing addition unit 0008 based
on a setting condition in the control unit 0003 and performing
signal processing such as gain correction, log compression,
detection, contour enhancement, and a smoothing process.
[0065] The three-dimensional luminance data storage unit
0012 has a function of storing a plurality of pieces of two-
dimensional tomographic data, which is output data of the
luminance information calculation unit 0011, based on trans-
mission and reception directions corresponding to acquisi-
tion positions. For example, a plurality of pieces of two-
dimensional tomographic data obtained by driving and
acquiring a plurality of two-dimensional tomographic
images, generated from measurement results when time-se-
ries ultrasonic data sampled in a depth direction is transmitted
and received in a 6 direction, in a ¢ direction orthogonal to the
6 direction in association with ¢ are stored as three-dimen-
sional tomographic data.

[0066] The three-dimensional coordinate conversion unit
0014 performs three-dimensional coordinate conversion on
coordinates in a space based on the acquisition positions
(depth, 6, ¢) using the three-dimensional tomographic data
stored in the three-dimensional luminance data storage unit
0012, generates luminance volume data, and stores the lumi-
nance volume data in the luminance volume data storage unit
0015.

[0067] The arbitrary cross-sectional image generation unit
0013 generates an arbitrary cross-sectional image on an arbi-
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trary plane in a three-dimensional space set by the control unit
0003 and the operation unit 0004 based on the acquisition
positions (depth, 0, ¢) using the three-dimensional tomo-
graphic data stored in the three-dimensional luminance data
storage unit 0012.

[0068] The three-dimensional image processing unit 0016
generates illumination volume data based on the luminance
volume data stored in the luminance volume data storage unit
0015. The gradient calculation unit 0019 generates volume
data in which a gradient in a visual line direction at respective
voxel coordinates is calculated based on the luminance vol-
ume data stored in the luminance volume data storage unit
0015.

[0069] Next, a process of the three-dimensional image pro-
cessing unit 0016 will be described. The three-dimensional
image processing unit 0016 is a characteristic processing unit
of the ultrasonic diagnostic device 0001 according to the
embodiment and generates illumination volume data based
on a light source in the three-dimensional space set by the
control unit 0003 and the operation unit 0004, using the
luminance volume data stored in the luminance volume data
storage unit 0015.

[0070] FIG. 2 isa block diagram illustrating an example of
the three-dimensional image processing unit 0016. As illus-
trated in FI1G. 2, the three-dimensional image processing unit
0016 includes a light source information setting unit 0021, an
optical characteristic setting unit 0022, and an illumination
calculation unit 0023. The ultrasonic diagnostic device 0001
according to the embodiment is the ultrasonic diagnostic
device 0001 that displays a three-dimensional image of a
target object based on volume data (luminance volume data).
The ultrasonic diagnostic device 0001 includes the light
source information setting unit 0021 that sets light source
data indicating the characteristics of a light source set in a
three-dimensional space, the optical characteristic setting
unit 0022 that sets optical characteristics (or a weight coeffi-
cient indicating optical characteristics) of the volume data in
regard to the light source, the illumination calculation unit
0023 that calculates illumination of a position according to
coordinates of the volume data based on the light source data
and the optical characteristics (or the weight coefficient) and
generates illumination volume data based on the calculated
illumination, and the projection processing unit 0018 that
generates the three-dimensional image from the illumination
volume data. A method of generating an ultrasonic three-
dimensional image according to the embodiment is an ultra-
sonic wave three-dimensional image generation method of
displaying a three-dimensional image of a target object based
on volume data. The method includes setting light source data
indicating characteristics of a light source set in a three-
dimensional space, setting a weight coefficient indicating
optical characteristics of the volume data in regard to the light
source, calculating illumination of a position according to
coordinates of the volume data based on the light source data
and the weight coefficient, generating illumination volume
data based on the calculated illumination, and generating the
three-dimensional image from the illumination volume data.
In the embodiment, the volume data is the luminance volume
data. However, the volume data may be at least one of the
luminance volume data, blood flow volume data (including
blood flow rate volume data, blood flow amplitude volume
data, and blood flow dispersion volume data), and elasticity
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volume data. The blood flow dispersion volume data includes
blood flow rate dispersion volume data and blood flow ampli-
tude dispersion volume data.

[0071] The light source information setting unit 0021 sets
(generates) light source data indicating the characteristics of
the light source set in the three-dimensional space of the
three-dimensional image. For example, the light source infor-
mation setting unit 0021 sets light source data indicating
strength of the light source. The light source information
setting unit 0021 can also adjust at least one of the strength of
the light source, a position of the light source in the three-
dimensional space, a direction of the light source, color tone
of the light source, and a shape of the light source to set the
light source data. The optical characteristic setting unit 0022
sets the optical characteristics of the luminance volume data
set by the control unit 0003 and the operation unit 0004. The
optical characteristic setting unit 0022 sets a weight coeffi-
cient indicating the optical characteristics of the luminance
volume data in regard to the light source. The illumination
calculation unit 0023 calculates illumination corresponding
to the coordinates of voxels on the luminance volume data
based on the light source data set by the light source infor-
mation setting unit 0021 and the optical characteristics set by
the optical characteristic setting unit 0022 and generates illu-
mination volume data. That is, the illumination calculation
unit 0023 calculates the illumination of the position accord-
ing to the coordinates of the luminance volume data based on
the light source data and the weight coefficient and generates
the illumination volume data based on the calculated illumi-
nation.

[0072] Next, light source information set by the light source
information setting unit 0021, optical characteristics set by
the optical characteristic setting unit 0022, and a method of
generating the illumination volume data in the illumination
calculation unit 0023 will be described.

[0073] FIG. 3 is a conceptual diagram schematically illus-
trating a positional relation between the luminance volume
data and the light source. As illustrated in FIG. 3, a light
source (paralle]l light source) 0302 is set in a light source
direction 0303 in luminance volume data 0301 in the lumi-
nance volume data storage unit 0015 by the control unit 0003
and the operation unit 0004. The position of the light source
0302, the light source direction 0303, and light source data in
a three-dimensional space are generated by the light source
information setting unit 0021.

[0074] A plane 0304 indicates a position ofa plane in which
the luminance volume data 0301 first intersects (comes into
contact with) an orthogonal plane in the light source direction
0303 and indicates an illumination calculation start position.
A plane 0305 indicates a position of a plane in which the
luminance volume data 0301 finally intersects (comes into
contact with) an orthogonal plane in the light source direction
0303 and indicates an illumination calculation end position.

[0075] The illumination calculation unit 0023 performs
illumination calculation on a plane (an orthogonal plane in
the light source direction 0303) orthogonal in the light source
direction 0303. In FIG. 3, the illumination calculation unit
0023 performs the illumination calculation in a scope from
the plane 0304 to the plane 0305. For example, the illumina-
tion calculation unit 0023 performs illumination calculation
on a plane 0307 in illumination calculation of a sample 0306
located in the light source direction 0303.

[0076] Next, an example of the configuration of the illumi-
nation calculation unit 0023 will be described with reference



US 2016/0030007 A1l

to FIG. 4. As illustrated in FIG. 4, the illumination calculation
unit 0023 includes an illumination volume data storage unit
0401, a light source data retention unit 0402, a two-dimen-
sional convolution processing unit 0403, and a weighting
addition unit 0404. The illumination calculation unit 0023
includes the two-dimensional convolution processing unit
0403 that generates two-dimensional convolution integrated
data by performing two-dimensional convolution integration
on the light source data and the weighting addition unit 0404
that generates the illumination volume data by performing
weighting addition (weighted sum) on the light source data
and the two-dimensional convolution integrated data based
on the weight coefficient.

[0077] The illumination calculation unit 0023 includes the
light source data retention unit 0402 that retains an initial
value of the light source data and a result of the weighting
addition obtained by the weighting addition unit as input light
source data. The illumination calculation unit 0023 generates
two-dimensional convolution integrated data by performing
two-dimensional convolution integration on the input light
source data while switching voxels from the illumination
calculation start position to the illumination calculation end
position of the luminance volume data, and generates the
illumination volume data by performing weighting addition
on the input light source data and the two-dimensional con-
volution integrated data based on the weight coefficient.
[0078] The light source data retention unit 0402 inputs the
light source data generated by the light source information
setting unit 0021 and retains the light source data as an initial
value. Hereinafter, the light source data retained by the light
source data retention unit 0402 is referred to as “input light
source data”. The two-dimensional convolution processing
unit 0403 generates the two-dimensional convolution inte-
grated data by performing the two-dimensional convolution
integration on the input light source data (light source data).
The two-dimensional convolution integration process indi-
cates convolution integration on a two-dimensional plane and
is performed on, for example, the plane 0307.

[0079] The weighting addition unit 0404 inputs the two-
dimensional convolution integrated data which is an output
result of the two-dimensional convolution processing unit
0403 and inputs the input light source data retained by the
light source data retention unit 0402. The weighting addition
unit 0404 generates the illumination volume data by perform-
ing the weighting addition on the input light source data (light
source data) and the two-dimensional convolution integrated
data based on the weight coefficient. The weight coefficient
used by the weighting addition unit 0404 is set as the optical
characteristics of the luminance volume data in regard to the
light source by the optical characteristic setting unit 0022.
Hereinafter, a weighting addition result generated by the
weighting addition unit 0404 is referred to as “output illumi-
nation data”.

[0080] The output illumination data is stored at a position
according to the coordinates of the voxels of the illumination
volume data storage unit 0401. The output illumination data is
input to the light source data retention unit 0402 and is stored
(retained) as input light source data. That is, the light source
data retention unit 0402 retains the initial value of the light
source data and the result of the weighting addition by the
weighting addition unit 0404 as the input light source data.
[0081] Here, the input light source data of the initial value
is light source data set by the light source information setting
unit 0021, and is input to the light source data retention unit
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0402 to be set (retained) before the illumination calculation
unit 0023 starts the illumination calculation.

[0082] The illumination calculation unit 0023 (the two-
dimensional convolution processing unit 0403 and the
weighting addition unit 0404) generates the two-dimensional
convolution integrated data by performing the two-dimen-
sional convolution integration on the input light source data,
while switching the voxels corresponding to coordinates to be
referred to from the illumination calculation start position
(the plane 0304) to the illumination calculation end position
(the plane 0305) of the luminance volume data, and generates
the illumination volume data by performing the weighting
addition on the input light source data and the two-dimen-
sional convolution integrated data using the weight coeffi-
cient which is based on a luminance value, while changing the
luminance corresponding to the coordinates to be referred to.
[0083] Next, amethod of setting the weight coefficient used
by the weighting addition unit 0404 will be described with
reference to FIG. 5. As illustrated in FIG. 5, a two-dimen-
sional weight coefficient table (luminance two-dimensional
weight coefficient table) 0501 is a two-dimensional table
which includes the weight coefficient set by the control unit
0003 and which is used to refer to the weight coefficient in
which a luminance value (voxel value) 0502 of the luminance
volume data and a distance 0503 from a body surface (or the
surface of a tissue) are stored two-dimensionally as two
indexes. That is, the weight coefficient is regulated by the
two-dimensional weight coefficient table 0501 in which the
luminance value of the luminance volume data and the dis-
tance from the surface of a target object are set as indexes. In
this case, the optical characteristic setting unit 0022 sets the
weight coefficient according to the luminance value of the
luminance volume data and the distance from the surface of
the target object.

[0084] The optical characteristics according to the embodi-
ment are regulated by the weight coefficient set so that a
behavior (action) of light is replicated based on the optical
characteristics of a tissue and are set by the optical character-
istic setting unit 0022, The optical characteristic setting umt
0022 sets the two-dimensional weight coefficient table 0501
that includes the weight coefficient as the optical character-
istics of the luminance volume data.

[0085] As illustrated in FIG. 5, a case will be described in
which the weight coefficients referred to from the two-dimen-
sional weight coefficient table 0501 based on the two indexes,
that is, the luminance value of the luminance volume data and
the distance from the body surface (or the surface of a tissue)
are two a and b. When the weight coefficient having an influ-
ence on (multiplied to) the input light source data is a and the
weight coefficient having an influence on (multiplied to) the
two-dimensional convolution integrated data is b, the behav-
ior (the degree of diffusion or the like) of light can be simply
set by adjusting the magnitudes of a and b.

[0086] A weighted sum of the input light source data and
the two-dimensional convolution integrated data based on the
weight coefficients a and b is output to the illumination vol-
ume data storage unit 0401. By setting the sum value of the
weight coefficients a and b to be large. it is possible to set
reinforced illumination. By setting the sum value of the
weight coefficients a and b to be small, it is possible to set
weak illumination.

[0087] In the embodiment, the two-dimensional weight
coefficient table 0501 includes the luminance and the distance
from a body surface (or the surface of a tissue) as two refer-
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ence indexes. Inthe case of ultrasonic data, luminance reflect-
ing acoustic impedance of a tissue can be useful information
reflecting the characteristics of a biological tissue. Lumi-
nance in ultrasonic data reflects the amplitude of a reflected
wave obtained by reflecting a radiated ultrasonic wave from a
diffusing body, and thus is normally attenuated with propa-
gation of the ultrasonic wave ina deep portion. Thus, in regard
to the ultrasonic data, it is difficult to classify tissues based on
only the luminance. Accordingly, by adding a distance from
the body surface of a target object (or the surface of a tissue),
itispossibleto classify tissues inregard to the ultrasonic data.
[0088] Forexample, when a target object is an unborn child
and an ultrasonic wave arriving at an arm of the unborn child
via an amniotic water is considered, the luminance of the
ultrasonic wave reflected from a diaphysis (hard tissue) of the
arm is known to be high. However, the luminance at the
moment at which the ultrasonic wave arrives at the surface of
the arm is not attenuated even when the surface of the arm is
asoft tissue. Therefore, the luminance is known to be high as
in a diaphysis. Thus, when only the luminance is used as an
index, it is difficult to distinguish a soft tissue from a diaphy-
sis (hard tissue). Accordingly, a distance from the body sur-
face of a target object is added as an index. A diaphysis is
present inside a tissue of an unborn child. Therefore, by
setting the characteristics of the tissue using both of lumi-
nance and a distance from a body surface (or the surface of a
tissue), it is possible to discriminate the tissue.

[0089] For example, in regard to a distance from a body
surface (or the surface of a tissue), when the luminance of a
certain voxel is higher than a preset threshold value, the
luminance is determined to correspond to a tissue, and thus a
distance corresponding to 1 voxel is added as the value of the
distance from the body surface (or the surface of the tissue).
Conversely, when the luminance of a certain voxel is lower
than the preset threshold value, the luminance is determined
notto correspond to atissue, and thus the value of the distance
from the body surface (or the surface of the tissue) in the voxel
is initialized.

[0090] A distance from a body surface (or the surface of a
tissue) can be used as the index of the weight coefficient.
Then, when asoft tissue with high luminance is present on the
surface of a tissue as in an arm of an unborn child and a
diaphysis with substantially the same luminance as the soft
tissue is present at a deep position from the surface of a tissue,
a different optical effect can be provided depending on a
tissue despite substantially the same luminance by setting a
different weight coefficient according to a distance from the
body surface (or the surface of the tissue). That is, by distin-
guishing a soft tissue from a diaphysis (hard tissue) according
to a distance from a body surface (or the surface of a tissue)
and setting a different weight coefficient, a behavior (leakage,
absorption, diffusion, reflection, or the like) of light in a tissue
can be expressed so that the soft tissue is distinguished from
the diaphysis (hard tissue), and thus an image (three-dimen-
sional image) of which reality is improved can be obtained in
a volume rendering method. By using a characteristic weight
coefficient according to the characteristics of a tissue, a
proper optical effect can be provided even when it is difficult
to specify the characteristics (or kind) of the tissue by only the
luminance value as in ultrasonic data.

[0091] In this way, by setting the two-dimensional weight
coefficient table reflecting the characteristics of tissues with-
out performing complicated calculation and adjusting a
behavior (the degree of diffusion or the like) of light based on
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the two-dimensional weight coefficient table, optical effects
in the tissues can be provided simply or arbitrarily, and thus a
three-dimensional image of which reality is improved can be
generated according to the characteristics (for example, hard-
ness or softness of tissues) of the tissues.

[0092] The illumination calculation unit 0023 repeatedly
performs the foregoing illumination calculation process
while switching a luminance value (voxel luminance) corre-
sponding to coordinates to be referred to by switching a voxel
corresponding to the coordinates to be referred to by the
weighting addition unit 0404 from the illumination calcula-
tion start position (the plane 0304) to the illumination calcu-
lation end position (the plane 0305).

[0093] Theillumination calculation unit 0023 performs the
calculation up to the illumination calculation end position to
generate illumination volume data in which all of the illumi-
nation corresponding to voxel coordinates on the luminance
volume data are calculated, and then stores the illumination
volume data in the illumination volume data storage unit
0401.

[0094] The behavior characteristics of light differ depend-
ing on a wavelength of a light source according to the law of
nature. Accordingly, when the reality is further improved in
conformity to the law of nature, the illumination calculation is
performed for each wavelength of the light source. In this
case, the weight coefficients differ for each wavelength of the
light source.

[0095] The light source information setting unit 0021 sets
the light source data according to a plurality of wavelengths of
the light source. The optical characteristic setting unit 0022
sets the weight coefficients for each of the plurality of wave-
lengths.

[0096] Theillumination calculation unit 0023 performs the
illumination calculation for each of the plurality of wave-
lengths of the light source 0302 to generate the illumination
volume data. For example, when the light source 0302 is 7
colors of the visible light, the illumination calculation unit
0023 sets 7 kinds of weight coeflicients (or two-dimensional
weight coefficient tables) and generates 7 kinds of pieces of
illumination volume data. When the light source 0302 is the
three primary colors of additive color mixture, the illumina-
tion calculation unit 0023 sets three sets of weight coefficients
(or three kinds of two-dimensional weight coefficient tables)
corresponding to wavelengths ofthe R, G, and B components
and generates three kinds of pieces of illumination volume
data. That is, the light source information setting unit 0021
sets the light source data according to the plurality of wave-
lengths of the light source, the optical characteristic setting
unit 0022 sets the weight coeflicient for each of the plurality
of wavelengths, and the illumination calculation unit 0023
generates the illumination volume data for each of the plural-
ity of wavelengths.

[0097] In the embodiment, a case will be described in
which the light source 0302 is the three primary colors of
additive color mixture, three sets of weight coefficients (or
three kinds of two-dimensional weight coefficient tables) are
set, and three kinds of pieces of illumination volume data are
generated. An initial value of the light source data is set for
each wavelength of the light source 0302. That is, the same
number of initial values of the light source data as the number
of effective wavelengths is set by the light source information
setting unit 0021. Accordingly, in the embodiment, three
kinds of pieces of light source data corresponding to the
wavelengths of the R, G, and B components are set and are
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each retained as independent input light source data by the
light source data retention unit 0402. The initial values of the
three kinds of pieces of light source data may be initial values
selected via the operation unit 0004 by an operator or may be
initial values set using an image.
[0098] The illumination calculation unit 0023 calculates
the illumination disposed on the luminance volume data
based on the three kinds of light source data and three kinds of
optical characteristics (the weight coefficient or two-dimen-
sional weight coefficient table) and generates three kinds of
pieces of illumination volume data.
[0099] The projection processing unit 0018 generates a
three-dimensional image based on opacity referred to by the
illumination of the illumination volume data and the lumi-
nance (voxel value) of the luminance volume data. When the
light source 0302 is the three primary colors, the projection
processing unit 0018 generates the three-dimensional image
from the three kinds of pieces of illumination volume data
generated by the illumination calculation unit 0023 and the
luminance volume data stored in the luminance volume data
storage unit 0015. A projection process in the projection
processing unit 0018 is performed based on illumination,
opacity a[i], and gradient values S[i] in illumination volume
datal_r{k],L_g[k],and L._b[k] of the respective wavelengths
(theR, G, and B components), as shown in equations (1) to (3)
below, to generate the three-dimensional image. That is, the
three-dimensional image is generated by multiplying voxel
values in illumination volume data L_r[k], L_g[k], and L_b
[K] of the respective wavelengths by opacity terms obtained
by opacity afi] and values of gradient values S[i] and per-
forming summation in a visual line direction. In the equa-
tions, “k” indicates voxel coordinates in the visual line direc-
tion. The visual line direction is set as a direction in which an
ultrasonic image is observed via the control unit 0003 by the
operation unit 0004.
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[0100] The three-dimensional image generated by the pro-
jection processing unit 00181s disposed on the same screen as
an arbitrary cross-sectional image by the image combination
unit 0017 and is displayed by the display unit 0009.

[0101] Inthe embodiment, the ultrasonic diagnostic device
0001 includes the gradient calculationunit 0019, but may also
exclude the gradient calculation unit 0019. In this case, the
terms of gradient values S[i] in equations (1) to (3) are
excluded from equations (1) to (3) (or are treated as “1.0”) so
that these terms do not contribute to the three-dimensional
image to be generated.

[0102] Next, the characteristics of the three-dimensional
image according to the embodiment will be described with
reference to FIG. 6. A three-dimensional image 0601 in FIG.
6 is a three-dimensional image constructed according to a
method according to the embodiment. A three-dimensional
image 0602 is a three-dimensional image constructed accord-
ing to a general volume rendering method typified by the
Levoy method. As illustrated in FIG. 6, a three-dimensional
image 0602 of the related art includes a shade 0604 dark and
narrow along the contour of the face of an unborn child. On
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the other hand, in a three-dimensional image 0601 according
to the embodiment, a boundary is clarified by enhancing a
shade 0603 in the contour ofthe face so that the contour floats.
In the three-dimensional image 0602 of the related art, a
medial ocular angle of the unborn child is shown by a narrow
contour line 0606. On the other hand, in the three-dimen-
sional image 0601 according to the embodiment, the medial
ocular angle of the unborn child is enhanced and displayed by
a shade 0605 so that the boundary is clarified. In this way, by
enhancing the shade to clarify the boundary, a natural image
of which reality is improved can be obtained in a volume
rendering method.

[0103] FIG. 7 is a diagram illustrating a display example
according to the embodiment. As illustrated in FIG. 7, three
cross-sectional surfaces 0701, 0702, and 0703 of which
planes are orthogonal to each other and a three-dimensional
image 0704 are simultaneously displayed. The three-dimen-
sional image generated by the three-dimensional image pro-
cessing unit 0016 is disposed on the same screen as the three
orthogonal cross-sectional surfaces (or arbitrary cross-sec-
tional images) 0701, 0702, and 0703 by the image combina-
tion unit 0017 to be displayed by the display unit 0009. By
observing the surface by the three-dimensional image with
reference to each cross-sectional surface, it is possible to
improve inspection precision and efficiency.

[0104] In addition to the display format of FIG. 7, an over-
lapping image of the three-dimensional image 0602 of the
related art and the three-dimensional image 0601 according
to the embodiment can also be displayed. Three-dimensional
images in a plurality of pieces of light source information
(light source data), a plurality of pieces of visual line infor-
mation, and a plurality of positions can also be displayed
simultaneously.

[0105] The embodiment has been described above, but the
present invention is not limited thereto and is alternated and
modified within the scope described in the claims.

[0106] FIG. 8is a block diagram illustrating a modification
example of the embodiment. FIG. 9 is a conceptual diagram
illustrating illumination calculation according to the modifi-
cation example of the embodiment. As illustrated in FIG. 8,
the ultrasonic diagnostic device 0001 may include an illumi-
nation correction unit 0080, a correction optical characteristic
setting unit 0081, and a correction light source information
setting unit 0082 at the rear stage of the illumination calcu-
lation unit 0023. The ultrasonic diagnostic device 0001
according to the embodiment includes the correction light
source information setting unit 0082 that sets an opposite
direction to a visual line direction in the three-dimensional
space asa correction light source direction and sets correction
light source data indicating the characteristics of a correction
light source radiating light in the correction light source
direction, the correction optical characteristic setting unit
0081 that sets a weight coefficient indicating the optical char-
acteristics of the luminance volume data in regard to the
correction light source, and the illumination correction umt
0080 that calculates illumination of a position according to
the coordinates of the volume data (luminance volume data)
based on the correction light source data and the weight
coefficient and generates correction illumination volume data
based on the calculated correction illumination. The projec-
tion processing unit 0018 generates the three-dimensional
image from the volume data and the correction illumination
volume data.
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[0107] The illumination volume data by the illumination
calculation unit 0023 calculates disposition of the intensity of
light in a direction from a proximal position to a distal posi-
tion of the light source 0302. According to the modification
example illustrated in FIGS. 8 and 9, on the other hand,
illumination of a result from propagation of light in a direc-
tion from the distal position to the proximal position in a
visual line direction 0901 of the observer can be added to
illumination observed from a viewpoint 0900 of an observer.
[0108] The correction light source information setting unit
0082 sets a correction light source on the opposite side to the
viewpoint 0900 and sets a correction light source direction
0902 in the opposite direction to the visual line direction
0901. That is, the correction light source information setting
unit 0082 sets the opposite direction to the visual line direc-
tion 0901 in a three-dimensional space as the correction light
source direction 0902 and sets the correction light source data
indicating the characteristics of the correction light source
radiating light in the correction light source direction 0902.
[0109] The correction optical characteristic setting unit
0081 sets the weight coeflicient in the opposite direction (the
correction light source direction 0902) to the visual line direc-
tion 0901. That is, the correction optical characteristic setting
unit 0081 sets the weight coefficient indicating the optical
characteristics of the luminance volume data in regard to the
correction light source.

[0110] Theillumination correction unit 0080 performs illu-
mination correction calculation to generate correction illumi-
nation volume data corrected from the illumination volume
data in the direction from the distal position to the proximal
position of the visual line direction. That 1s, the illumination
correction unit 0080 calculates the illumination of the posi-
tion according to the coordinates of the luminance volume
data based on the correction light source data and the weight
coeflicient and generates the correction illumination volume
data based on the calculated correction illumination.

[0111] Asillustrated in FIG. 9, the light source 0302 and the
light source direction 0303 are set in the luminance volume
data 0301, as in FIG. 3. When the illumination volume data is
generated and the visual line direction 0901 is set, the correc-
tion light source information setting unit 0082 sets the cor-
rection light source on the opposite side to the viewpoint 0900
and sets the correction light source direction 0902 in the
opposite direction to the visual line direction.

[0112] A plane 0904 indicates a position of a plane in which
the luminance volume data 0301 first intersects (comes into
contact with) an orthogonal plane in the correction light
source direction 0902, is a plane including the first voxel on
the correction light source direction 0902, and indicates an
illumination calculation start position. A plane 0905 indicates
a position of a plane in which the luminance volume data
0301 finally intersects (comes into contact with) an orthogo-
nal plane in the correction light source direction 0902, is a
plane including the final voxel on the correction light source
direction 0902, and indicates an illumination calculation end
position.

[0113] Theillumination correction unit 0080 performs illu-
mination correction on the plane orthogonal in the correction
light source direction 0902. As illustrated in FIG. 9, the illu-
mination correction unit 0080 performs the illumination cor-
rection in a scope from the plane 0904 to the plane 0905 and
performs, for example, illumination correction calculation on
the plane 0903 in illumination correction of a sample 0906
located at the correction light source direction 0902,
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[0114] Next, the configuration of the illumination correc-
tion unit 0080 will be described with reference to FIG. 10. As
illustrated in FIG. 10, the illumination correction unit 0080
includes an addition unit 1001, a correction illumination vol-
ume data storage unit 1002, an illumination volume data
storage unit 0401, a light source data retention unit 0402, a
two-dimensional convolution processing unit 0403, and a
weighting addition unit 0404. The constituent elements
denoted by the same numbers in FIGS. 4 and 10 have the same
functions unless mentioned otherwise.

[0115] The illumination correction unit 0080 includes the
addition unit 1001 that adds the correction light source data
and the illumination volume data, the two-dimensional con-
volution processing unit 0403 that generates two-dimen-
sional convolution integrated data by performing two-dimen-
sional convolution integration on an added value of the
correction light source data and the illumination volume data,
and a weighting addition unit 0404 that generates the correc-
tion illumination volume data by performing weighting addi-
tion on the correction light source data and the two-dimen-
sional convolution integrated data based on the weight
coefficient.

[0116] Theillumination correction unit 0080 reads the out-
put illumination data at the coordinates of the input light
source data (correction light source data) stored in the light
source data retention unit 0402 from the illumination volume
data storage unit 0401 and adds the output illumination data to
the input light source data (correction light source data). That
is, the addition unit 1001 adds the correction light source data
and the illumination volume data. However, since the light
source data retention unit 0402 of the illumination correction
unit 0080 has no initial value, the light source data retention
unit 0402 differs from the light source data retention unit
0402 of the illumination calculation unit 0023.

[0117] In the illumination correction unit 0080, the addi-
tion unit 1001 adds the input light source data stored in the
light source data retention unit 0402 and the output illumina-
tion data at the coordinates of the input light source data read
from the illumination volume data storage unit 0401, and then
updates and stores the input light source data.

[0118] The two-dimensional convolution processing unit
0403 performs two-dimensional convolution integration on
the input light source data retained in the addition unit 1001.
That is, the two-dimensional convolution processing unit
0403 generates two-dimensional convolution integrated data
by performing two-dimensional convolution integration on
the added value of the correction light source data and the
illumination volume data stored in the illumination volume
data storage unit 0401.

[0119] The weighting addition unit 0404 inputs the two-
dimensional convolution integrated data which is an output
result of the two-dimensional convolution processing unit
0403 and inputs the updated input light source data retained
by the addition unit 1001. The weighting addition unit 0404
performs weighing addition on the output result of the two-
dimensional convolution processing unit 0403 and the
updated input light source data retained by the addition unit
1001. That is, the weighting addition unit 0404 generates the
correction illumination volume data by performing the
weighting addition on the correction light source data and the
two-dimensional convolution integrated data based on the
weight coefficient. Here, the weight coefficient used by the
weighting addition unit 0404 is set by the correction optical
characteristic setting unit 0081 set for the correction. As
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described above, the weight coefficient may be referred to in
the two-dimensional table in which the luminance value of
the luminance volume data and the distance from a body
surface (or the surface of a tissue) are expressed as two
indexes two-dimensionally.

[0120] The correction illumination volume data storage
unit 1002 stores the result of the weighting addition unit 0404
along with positional information according to the voxel
coordinates. The result of the weighting addition unit 0404 is
input to the light source data retention unit 0402 and is stored
(retained) as the input light source data.

[0121] According to the modification example illustrated in
FIGS. 8 to 10, the illumination of the result from propagation
of light in the direction from the distal position to the proxi-
mal position in the visual line direction 0901 of the observer
can be added to the illumination observed from the viewpoint
0900 of the observer, and the correction illumination volume
data in which the illumination in two directions, the light
source directions 0303 and the correction light source direc-
tion 0902, is calculated can be generated. The correction
illumination volume data storage unit 1002 is configured to be
independent from the illumination volume data storage unit
0401, but a common memory region may be used.

[0122] When the reality of the correction illumination vol-
ume data generated by the illumination correction unit 0080
is further improved as in the above-described embodiment,
the illumination calculation (or the illumination correction
calculation) may be performed for each wavelength of the
light source. In this case, as in the embodiment, the illumina-
tion calculation (or the illumination correction calculation) is
repeatedly performed for each of the set wavelengths, and
thus the correction illumination volume data of each of the set
wavelengths is generated. For example, when the light source
0302 is the three primary colors of additive color mixture, the
illumination correction unit 0080 sets three sets of weight
coefficients (or three kinds of two-dimensional weight coef-
ficient tables) corresponding to the wavelengths of the R, G,
and B components and generates three kinds of pieces of
correction illumination volume data. Then, the projection
processing unit 0018 generates a three-dimensional image
from the three kinds of pieces of correction illumination
volume data generated by the illumination correction unit
0080 and the luminance volume data stored in the luminance
volume data storage unit 0015. That is, the projection pro-
cessing unit 0018 generates the three-dimensional image
from the luminance volume data and the correction illumina-
tion volume data.

[0123] In this way, by calculating the illumination in the
two directions, the light source direction 0303 and the cor-
rection light source direction 0902, the illumination based on
the more natural shade can be calculated, and thus the three-
dimensional image of which reality is improved can be gen-
erated in a volume rendering method.

[0124] Another modification example will be described
with reference to FIG. 11. As illustrated in FIG. 11, according
to another modification example, the two-dimensional con-
volution processing unit 0403 has a characteristic structure.
Accordingly, the two-dimensional convolution processing
unit 0403 will be mainly described.

[0125] As illustrated in F1G. 11, the two-dimensional con-
volution processing unit 0403 reads the input light source data
from the light source data retention unit 0402 in the illumi-
nation calculation unit 0023, performs a two-dimensional
convolution integration process, and outputs the two-dimen-
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sional convolution integrated data to the weighting addition
unit 0404. The two-dimensional convolution processing unit
0403 generates two or more, that is, a plurality of pieces of
two-dimensional convolution integrated data. That is, the
two-dimensional convolution processing unit 0403 generates
the plurality of pieces of two-dimensional convolution inte-
grated data by performing two-dimensional convolution inte-
gration on the light source data a plurality of times.

[0126] The weighting addition unit 0404 generates the out-
put illumination data by performing the weight addition pro-
cess on the input light source data read from the light source
data retention unit 0402 and the plurality of pieces of two-
dimensional convolution integrated data generated by the
two-dimensional convolution processing unit 0403 and stores
the output illumination data at the voxel coordinates of the
illumination volume data storage unit 0401.

[0127] The configuration of the two-dimensional convolu-
tion processing unit 0403 illustrated in FIG. 11 will be
described. The two-dimensional convolution processing unit
0403 includes two or more, that is, a plurality of two-dimen-
sional convolution processing units. The two-dimensional
convolution processing units 0403-1 to 0403-N output differ-
ent pieces of two-dimensional convolution integrated data in
regard to the input light source data and each output the
two-dimensional convolution integrated data to the weighting
addition unit 0404. In this case, for the weight coefficients in
the weighting addition unit 0404, coefficients for the input
light source data and the plurality of two-dimensional convo-
lution integrated data generated by the two-dimensional con-
volution processing units 0403 (0403-1 to 0403-N) are
retained. The different weight coefficient for each of the out-
put results of the respective two-dimensional convolution
processing units 0403 (0403-1 to 0403-N) may be referred to
in the two-dimensional table and may be used by the weight-
ing addition unit 0404.

[0128] In this way, the ultrasonic diagnostic device 0001
includes the plurality of two-dimensional convolution pro-
cessing units 0403-1 to 0403-N, and thus can express a plu-
rality of shade effects according to a behavior of light. Thus,
in a volume rendering method, the three-dimensional image
in which the illumination based on a behavior (for example,
diffusion) of more natural lightis calculated can be generated.
[0129] The display unit 0009 may display a color map
showing a color tone which can be obtained according to the
luminance and the distance from a body surface. That is, the
display unit 0009 displays a color map in which a voxel value
(luminance) of volume data (luminance volume data) and a
distance from the surface of a target object are set as indexes
according to a two-dimensional weight coefficient table regu-
lating the weight coefficient. FIG. 12 is a diagram illustrating
a color map in a display example according to the embodi-
ment. As illustrated in FIG. 12, three cross-sectional surfaces
0701 to 0703 orthogonal to each other and a three-dimen-
sional image 0704 are displayed simultaneously, as in FIG. 7.
Further, a color map 700 is displayed. The color map 700 is a
pseudo color map for visually recognizing a color tone of a
three-dimensional image realized by the two-dimensional
weight coefficient table 0501.

[0130] In the color map 700, a luminance voxel value is
disposed on the vertical axis. In the color map 700, as
described with reference to FIGS. 4 and 5, the number of
repetitions (corresponding to the distance from the surface of
a tissue) of the illumination calculation performed based on
the two-dimensional weight coefficient table 0501 according
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to the distance from the surface of a tissue is disposed on the
horizontal axis. In this way, the color map 700 is a reference
image indicating the color tone which can be obtained by the
luminance and the distance from a body surface.

[0131] An operator can recognize which color tone can be
assigned to the three-dimensional image (illumination three-
dimensional image) 0704 by confirming the color map 700.
For example, the operator can recognize whether a displayed
region is a bone or a soft tissue. The direction of the axis of the
color map 700 can also be transposed or the axis can also be
reversed.

[0132] The color map 700 may also be selected from
among aplurality of color maps. For example, the display unit
0009 may selectively display a plurality of color maps corre-
sponding to the plurality of two-dimensional weight coeffi-
cient tables regulating the weight coefficients according to a
tissue of a target object (a facial region, a bony region, or the
like of an unborn child). FIG. 13 is a diagram illustrating a
method of selecting the color map 700. As illustrated in FIG.
13, the color map 700 can be selected by operating a graphical
interface 1300 for selecting a region displayed on the display
unit 0009 by the operation unit 0004 (a pointer, a track ball, an
encoder, and the like).

[0133] A selection screen 1301 in FIG. 13 is an example of
buttons displayed at the time of inspection and a button
according to a target can be selected. For example, by select-
ing the button according to the target from among a button
1302 for target 1, a button 1303 for target 2, . . ., and a button
1304 for target N, the three-dimensional image according to
the target can be generated.

[0134] When the button 1302 for target 1 designates the
face of an unborn child and the button 1302 for target 1 is
selected, a proper weight coefficient (the two-dimensional
weight coefficient table 0501) to the face of the unborn child
is selected and set in the optical characteristic setting unit
0022 or the correction optical characteristic setting unit 0081,
and thus a color map 1312 corresponding to the button 1302
for target 1 is displayed.

[0135] When the button 1303 for target 2 designates a bone
of an unborn child and the button 1303 for target 2 is selected,
a proper weight coefficient (the two-dimensional weight
coefficient table 0501) to a bony region is selected and set in
the optical characteristic setting unit 0022 or the correction
optical characteristic setting unit 0081, and thus a color map
1313 corresponding to the button 1303 for target is displayed.
The graphical interface 1300 for region selection can also
display the selected color maps 1312 to 1314.

[0136] The color maps 1312 to 1314 are color maps gener-
ated based on the two-dimensional weight coefficient table
0501 selected by the target buttons 1302 to 1304, respectively.
By simultaneously displaying the target buttons 1302 to
1304, the operator can select a proper color map without
hesitation.

[0137] As illustrated in FIG. 14, a selection screen 1305
may be displayed in the graphical interface 1300 for region
selection. The selection screen 1305 is an example in which a
button displayed at the time of inspection is different and
includes a target display region 1306 displaying the name of
a selected target, an up target selection button 1307, and a
down target selection button 1308. A plurality of targets pre-
pared in advance can be switched using the up target selection
button 1307 and the down target selection button 1308.
Accordingly, the operator can generate a three-dimensional
image according to a target by operating the up target selec-
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tion button 1307 or the down target selection button 1308. For
example, when target 1 (button for target 1) designates the
face of the unborn child and target 2 (button for target 2)
designates a bone of the unborn child, the target is switched
sequentially by the up target selection button 1307 or the
down target selection button 1308. In this case, when target 1
(button for target 1) is selected, a proper weight coefficient for
the face of the unborn child is selected and set in the optical
characteristic setting unit 0022 or the correction optical char-
acteristic setting unit 0081, and thus the color map 700 is
switched. Next, when target 2 (button for target 2) is selected
by the down target selection button 1308, a proper weight
coefficient for a bony region is selected and set in the optical
characteristic setting unit 0022 or the correction optical char-
acteristic setting unit 0081, and thus the color map 700 is
switched.

[0138] The input light source data can also be switched in
accordance with a target and the input light source data
according to the target can also be set in the light source
information setting unit 0021. A target selection screen can be
prepared for the weight coefficient and the input light source
data and can also be selected (or controlled) independently
from the weight coefficient and the input light source data.

Second Embodiment

[0139] Hereinafter, the ultrasonic diagnostic device 0001
according to a second embodiment of the present invention
will be described with reference to the drawings. The ultra-
sonic diagnostic device 0001 generates a three-dimensional
image of which reality is improved by expressing a behavior
of light in a tissue and expressing interaction of the light
between tissues with different natures. When the tissues with
different natures are adjacent, a behavior of light has a mutual
influence on the adjacent tissues by interaction of light and an
influence occurs in decoloring or the like. For example, when
a blood vessel is present between a light source and a mus-
cular or fat tissue (a blood vessel and a muscular or fat tissue
are adjacent back and forth in a light source direction), the
muscular or fat tissue colors red by passing light the blood
vessel despite the fact that the color of the muscular or fat
tissue is not red. Even when a blood vessel and a muscular or
fat tissue are adjacent back and forth in a light source direc-
tion, diffusion of light occurs by interaction of the light in the
blood vessel and the muscular or fat tissue and the muscular
or fat tissue colors red. In this way, the ultrasonic diagnostic
device 0001 generates a three-dimensional image of which
reality is improved by expressing the interaction of the light
between tissues with different natures (for example, tissues of
a blood vessel and a muscular or fat tissue).

[0140] FIG. 15isablock diagram illustrating an example of
the ultrasonic diagnostic device 0001 according to the
embodiment. As illustrated in FIG. 15, the ultrasonic diag-
nostic device 0001 includes a control unit 0003, an operation
unit 0004, a transmission unit 0005, a reception unit 0006, a
transmission and reception control unit 0007, a phasing addi-
tion unit 0008, a display unit 0009, a luminance information
calculation unit 0011, a three-dimensional luminance data
storage unit 0012, an arbitrary cross-sectional image genera-
tion unit 0013, a three-dimensional coordinate conversion
unit 0014, a luminance volume data storage unit 0015, a
three-dimensional image processing unit 0016, an image
combination unit 0017, a projection processing unit 0018,
and a gradient calculation unit 0019.
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[0141] The ultrasonic diagnostic device 0001 includes a
blood flow information calculation unit 0031, a three-dimen-
sional blood flow data storage unit 0032, an arbitrary cross-
sectional image generation unit 0033, a three-dimensional
coordinate conversion unit 0034, a blood flow volume data
storage unit 0035, and a gradient calculation unit 0039. The
ultrasonic diagnostic device 0001 displays a three-dimen-
sional image of a target object based on luminance volume
data and blood flow volume data (including blood flow rate
volume data, blood flow amplitude volume data, and blood
flow dispersion volume data). The blood flow dispersion vol-
ume data includes blood flow rate dispersion volume data and
blood flow amplitude dispersion volume data. An ultrasonic
probe 0002 is connected to the ultrasonic diagnostic device
0001.

[0142] The ultrasonic probe 0002 is brought into contact
with the object 0010 for use. The ultrasonic probe 0002 is
formed such that a plurality of vibrators are arranged and has
a function of transmitting and receiving ultrasonic waves via
the vibrators to and from the object 0010. The ultrasonic
probe 0002 is configured to include the plurality of vibrators
formed in a one-dimensional straight-line shape or linear
shape, and can electrically transmit and receive ultrasonic
waves in the arrangement direction of the probe and simulta-
neously transmit and receive ultrasonic waves three-dimen-
sionally by mechanically vibrating or manually moving the
vibrators in a direction perpendicular to the arrangement
direction of the plurality of vibrators. The ultrasonic probe
0002 may be configured such that the plurality of vibrators are
arranged two-dimensionally and can electrically control
transmission and reception of ultrasonic waves.

[0143] The control unit 0003 controls each constituent ele-
ment of the ultrasonic diagnostic device 0001 and the ultra-
sonic probe 0002. The operation unit 0004 performs various
inputs to the control unit 0003. The operation unit 0004
includes a keyboard or a track ball.

[0144] The transmission unit 0005 repeatedly transmits
ultrasonic waves to the object 0010 via the ultrasonic probe
0002 at constant time intervals. The transmission unit 0005
drives the vibrators of the ultrasonic probe 0002 to generate
transmission wave pulses for generating ultrasonic waves.
The transmission unit 0005 has a function of setting a con-
vergent point of the ultrasonic waves to be transmitted at a
certain depth. The reception unit 0006 receives reflected echo
signals reflected from the object 0010. The reception unit
0006 amplifies the reflected echo signals received by the
ultrasonic probe 0002 at a predetermined gain to generate RF
signals, that is, received signals. The transmission and recep-
tion control unit 0007 controls the transmission unit 0005 and
the reception unit 0006.

[0145] The phasing addition unit 0008 performs phasing
addition on the reflected echo signals received by the recep-
tion unit 0006. The phasing addition unit 0008 controls the
phases of the RF signals amplified by the reception unit 0006
to form ultrasonic beams at one convergent point or a plurality
of convergent points and generates RF signal frame data
(corresponding to RAW data). The luminance information
calculation unit 0011 constructs a luminance tomographic
image based on the RF signal frame data generated by the
phasing addition unit 0008. The three-dimensional lumi-
nance data storage unit 0012 stores a plurality of luminance
tomographic images formed by the luminance information
calculation unit 0011. The arbitrary cross-sectional image
generation unit 0013 generates an arbitrary cross-sectional
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image based on the acquired shape of the luminance tomo-
graphic image. The three-dimensional coordinate conversion
unit 0014 performs three-dimensional coordinate conversion
based on the acquired shape of the luminance tomographic
image to generate luminance volume data and stores the
luminance volume data in the luminance volume data storage
unit 0015.

[0146] The blood flow information calculation unit 0031
constructs blood flow tomographic images based on the RF
signal frame data generated by the phasing addition unit
0008. The three-dimensional blood flow data storage unit
0032 stores the plurality of blood flow tomographic images
constructed by the blood flow information calculation unit
0031. The arbitrary cross-sectional image generation unit
0033 generates arbitrary cross-sectional images based on the
acquired shapes of the blood flow tomographic images. The
three-dimensional coordinate conversion unit 0034 performs
three-dimensional coordinate conversion based on the
acquired shapes of the blood flow tomographic images to
generate blood flow volume data (including blood flow rate
volume data, blood flow amplitude volume data, and blood
flow dispersion volume data) and stores the blood flow vol-
ume data in the blood flow volume data storage unit 0035.
[0147] The three-dimensional image processing unit 0016
generates illumination volume data using the luminance vol-
ume data stored in the luminance volume data storage unit
0015 and the blood flow volume data stored in the blood flow
volume data storage unit 0035.

[0148] The gradient calculation unit 0019 generates lumi-
nance gradient volume data using the luminance volume data
stored in the luminance volume data storage unit 0015. The
gradient calculation unit 0039 generates blood flow gradient
volume data using the blood flow volume data stored in the
blood flow volume data storage unit 0035. A gradient value of
the gradient volume data (the blood flow gradient volume
data) is a value indicating a slope (for example, a slope of a
normal line in a three-dimensional shape or an angle between
of the normal line in the three-dimensional shape and a visual
line direction) of a three-dimensional shape calculated based
on a luminance value.

[0149] The projection processing unit 0018 generates a
three-dimensional image by performing a rendering process
using the illumination volume data, the luminance volume
data, and the luminance gradient volume data. The projection
processing unit 0018 generates a three-dimensional image by
performing a rendering process using the luminance volume
data, the blood flow volume data, and the blood flow gradient
volume data. The projection processing unit 0018 selects
luminance or blood flow for each voxel. When the luminance
is selected, the rendering calculation is performed on the
voxel using the illumination volume data, the luminance vol-
ume data, and the luminance gradient volume data. When the
blood flow is selected, the rendering calculation is performed
on the voxel using the illumination volume data, the blood
flow volume data, and the blood flow gradient volume data.
The projection processing unit 0018 generates a three-dimen-
sional image by integrating the results of the rendering cal-
culation on the voxels in accordance with the luminance or
the blood flow into the entire volume.

[0150] The image combination unit 0017 combines the
three-dimensional image generated by the projection pro-
cessing unit 0018, the arbitrary cross-sectional image of
three-dimensional luminance data generated by the arbitrary
cross-sectional image generation unit 0013, and the arbitrary
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cross-sectional image of the three-dimensional blood flow
data generated by the arbitrary cross-sectional image genera-
tionunit 0033. The display unit 0009 displays a display image
generated by the image combination unit 0017.

[0151] Next, aprocess for the three-dimensional luminance
data and the three-dimensional blood flow data will be
described. The ultrasonic probe 0002 can transmit and receive
the ultrasonic waves and can perform measurement along two
axes of, for example, 0 and ¢ while switching transmission
and reception directions two-dimensionally. The luminance
information calculation unit 0011 constructs two-dimen-
sional luminance data by inputting the RF signal frame data
output from the phasing addition unit 0008 based on a setting
condition in the control unit 0003 and performing signal
processing such as gain correction, log compression, detec-
tion, contour enhancement, and a smoothing process. The
blood flow information calculation unit 0031 constructs two-
dimensional blood flow data by inputting the RF signal frame
data output from the phasing addition unit 0008 based on a
setting condition in the control unit 0003 and performing
processes such as blood flow rate estimation, blood flow
amplitude estimation, blood flow dispersion estimation (in-
cluding blood flow rate dispersion estimation and blood flow
amplitude dispersion estimation), contour enhancement,
noise removal, and a smoothing process. The two-dimen-
sional blood flow data may be constructed by at least one ofa
blood flow rate, a blood flow amplitude, and blood flow rate
dispersion.

[0152] The three-dimensional luminance data storage unit
0012 has a function of storing a plurality of pieces of two-
dimensional luminance data, which is output data of the lumi-
nance information calculation unit 0011, in transmission and
reception directions corresponding to acquisition positions.
For example, a plurality of pieces of two-dimensional lumi-
nance data obtained by driving and acquiring two-dimen-
sional luminance tomographic images, generated from mea-
surement results when time-series ultrasonic data sampled in
a depth direction is transmitted and received in a 6 direction,
in a ¢ direction orthogonal to the 8 direction in association
with ¢ are stored as three-dimensional luminance data.
[0153] The three-dimensional blood flow data storage unit
0032 has a function of storing a plurality of pieces of two-
dimensional blood flow data which is output data of the blood
flow information calculation unit 0031 based on transmission
and reception directions corresponding to acquisition posi-
tions. For example, a plurality of pieces of two-dimensional
blood flow data obtained by driving and acquiring two-di-
mensional blood flow tomographic images, generated from
measurement results when time-series ultrasonic data
sampled in the depth direction is transmitted and received in
the 0 direction, in the ¢ direction orthogonal to the 8 direction
in association with ¢ are stored as three-dimensional blood
flow data.

[0154] The three-dimensional coordinate conversion unit
0014 performs three-dimensional coordinate conversion on
coordinates in a space based on the acquisition positions
(depth, 6, ¢) using the three-dimensional luminance data
stored in the three-dimensional luminance data storage unit
0012, generates luminance volume data, and stores the lumi-
nance volume data in the luminance volume data storage unit
0015.

[0155] The three-dimensional coordinate conversion unit
0034 performs three-dimensional coordinate conversion on
coordinates in a space based on the acquisition positions
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(depth, 8, ¢) using the three-dimensional blood flow data
stored in the three-dimensional blood flow data storage unit
0032, generates blood flow volume data, and stores the blood
flow volume data in the blood flow volume data storage unit
0035.

[0156] The arbitrary cross-sectional image generation unit
0013 generates an arbitrary cross-sectional image of the
three-dimensional luminance data on an arbitrary plane in a
three-dimensional space set by the control unit 0003 and the
operation unit 0004 based on the acquisition positions (depth,
0, ¢) using the three-dimensional luminance data stored inthe
three-dimensional luminance data storage unit 0012.

[0157] The arbitrary cross-sectional image generation unit
0033 generates an arbitrary cross-sectional image of the
three-dimensional blood flow data on an arbitrary plane in a
three-dimensional space set by the control unit 0003 and the
operation unit 0004 based on the acquisition positions (depth,
0, ¢) using the three-dimensional blood flow data stored inthe
three-dimensional blood flow data storage unit 0032.

[0158] The gradient calculation unit 0019 generates vol-
ume data in which a gradient in a visual line direction at
respective voxel coordinates is calculated based on the lumi-
nance volume data stored in the luminance volume data stor-
age unit 0015.

[0159] The gradient calculation unit 0039 generates vol-
ume data in which a gradient in a visual line direction at
respective voxel coordinates is calculated based on the blood
flow volume data stored in the blood flow volume data storage
unit 0035.

[0160] Next, a process of the three-dimensional image pro-
cessing unit 0016 will be described. The three-dimensional
image processing unit 0016 is a characteristic processing unit
of the ultrasonic diagnostic device 0001 according to the
embodiment and generates illumination volume data based
on a light source in the three-dimensional space set by the
control unit 0003 and the operation unit 0004, using the
luminance volume data stored in the luminance volume data
storage unit 0015 and the blood flow volume data stored in the
blood flow volume data storage unit 0035.

[0161] FIG. 16 is ablock diagramillustrating an example of
the three-dimensional image processing unit 0016. As illus-
trated in FIG. 16, the three-dimensional image processing
unit 0016 includes alight source information setting unit
0021, an optical characteristic setting unit 0022, and an illu-
mination calculation unit 0023.

[0162] The ultrasonic diagnostic device 0001 according to
the embodiment is the ultrasonic diagnostic device 0001 that
displays a three-dimensional image ofa target object based on
the luminance volume data and the blood flow volume data.
The ultrasonic diagnostic device 0001 includes the light
source information setting unit 0021 that sets light source
data indicating the characteristics of a light source set in a
three-dimensional space, the optical characteristic setting
unit 0022 that sets a weight coefficient indicating optical
characteristics of the luminance volume data and a weight
coefficient indicating optical characteristics of the blood flow
volume data in regard to the light source, the illumination
calculation unit 0023 that calculates at least one of illumina-
tion of a position according to coordinates of the luminance
volume data and illumination of a position according to coor-
dinates of the blood flow volume data based on the light
source data and the weight coefficients and generates illumi-
nation volume data based on the calculated illumination, and
the projection processing unit 0018 that generates the three-



US 2016/0030007 A1l

dimensional image from at least one of the luminance volume
data and the blood flow volume data and the illumination
volume data.

[0163] A method of generating an ultrasonic three-dimen-
sional image according to the embodiment is an ultrasonic
wave three-dimensional image generation method of display-
ing a three-dimensional image of a target object based on the
luminance volume data and the blood flow volume data. The
method includes setting light source data indicating charac-
teristics of a light source set in a three-dimensional space,
setting a weight coefficient indicating optical characteristics
of the luminance volume data and a weigh coefficient indi-
cating the optical characteristics of the blood flow volume
data in regard to the light source, calculating at least one of
illumination of a position according to coordinates of the
luminance volume data and illumination of a position accord-
ing to coordinates of the blood flow volume data based on the
light source data and the weight coefficients, generating illu-
mination volume data based on the calculated illumination,
and generating the three-dimensional image from at least one
of the luminance volume data and the blood flow volume data
and the illumination volume data.

[0164] The light source information setting unit 0021 sets
(generates) light source data indicating the characteristics of
the light source set in the three-dimensional space of the
three-dimensional image. For example, the light source infor-
mation setting unit 0021 sets light source data indicating
strength of the light source. The light source information
setting unit 0021 can also adjust at least one of the strength of
the light source, a position of the light source in the three-
dimensional space, a direction of the light source, color tone
of the light source, and a shape of the light source to set the
light source data. The optical characteristic setting unit 0022
sets the optical characteristics of the luminance volume data
and the blood flow volume data set by the control unit 0003
and the operation unit 0004. The optical characteristic setting
unit 0022 sets weight coefficients indicating the optical char-
acteristics of the luminance volume data and the blood flow
volume data in regard to the light source. The illumination
calculation unit 0023 calculates illumination corresponding
to the coordinates of voxels on the output illumination vol-
ume data using at least one of the luminance volume data and
the blood flow volume data based on the light source data set
by the light source information setting unit 0021 and the
optical characteristics set by the optical characteristic setting
unit 0022 and generates illumination volume data.

[0165] That is, the illumination calculation unit 0023 cal-
culates the illumination based on the light source data, the
weight coefficients, and the volume data (the luminance vol-
ume data or the blood flow volume data) and generates the
illumination volume data based on the calculated illumina-
tion.

[0166] Next, light source information set by the light source
information setting unit 0021, optical characteristics set by
the optical characteristic setting unit 0022, and a method of
generating the illumination volume data in the illumination
calculation unit 0023 will be described.

[0167] FIG.17is aconceptual diagram schematically illus-
trating a positional relation between the luminance volume
data or the blood flow volume data and the light source. As
illustrated in FIG. 17, a light source (parallel light source)
0302 is set in a light source direction 0303 in luminance
volume data or blood flow volume data 0301 in the luminance
volume data storage unit 0015 by the control unit 0003 and
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the operation unit 0004. The position of the light source 0302,
the light source direction 0303, and light source data in a
three-dimensional space are generated by the light source
information setting unit 0021.

[0168] A plane 0304 indicates a position ofa plane in which
the volume data (the luminance volume data or the blood flow
volume data) 0301 first intersects (comes into contact with)
an orthogonal plane in the light source direction 0303 and
indicates an illumination calculation start position. A plane
0305 indicates a position of a plane in which the volume data
(the luminance volume data or the blood flow volume data)
0301 finally intersects (comes into contact with) an orthogo-
nal plane in the light source direction 0303 and indicates an
illumination calculation end position.

[0169] The illumination calculation unit 0023 performs
illumination calculation on a plane (an orthogonal plane in
the light source direction 0303) orthogonal in the light source
direction 0303. In FIG. 17, the illumination calculation unit
0023 performs the illumination calculation in a scope from
the plane 0304 to the plane 0305. For example, the illumina-
tion calculation unit 0023 performs illumination calculation
on a plane 0307 in illumination calculation of a sample 0306
located in the light source direction 0303.

[0170] Next, an example of the configuration of the illumi-
nation calculation unit 0023 will be described with reference
to FIG. 18. As illustrated in FIG. 18, the illumination calcu-
lation unit 0023 includes an illumination volume data storage
unit 0401, a light source data retention unit 0402, a two-
dimensional convolution processing unit 0403, and a weight-
ing addition unit 0404. The illumination calculation unit 0023
includes the two-dimensional convolution processing unit
0403 that generates two-dimensional convolution integrated
data by performing two-dimensional convolution integration
on the light source data and the weighting addition unit 0404
that generates the illumination volume data by performing
weighting addition on the light source data and the two-
dimensional convolution integrated data based on the weight
coefficient.

[0171] The illumination calculation unit 0023 includes the
light source data retention unit 0402 that retains an initial
value of the light source data and a result of the weighting
addition obtained by the weighting addition unit as input light
source data. The illumination calculation unit 0023 generates
two-dimensional convolution integrated data by performing
two-dimensional convolution integration on the input light
source data while switching voxels from the illumination
calculation start position to the illumination calculation end
position of the luminance volume data, and generates the
illumination volume data by performing weighting addition
on the input light source data and the two-dimensional con-
volution integrated data based on the weight coefficient
which is based on at least one of the luminance value and the
blood flow value.

[0172] The light source data retention unit 0402 inputs the
light source data generated by the light source information
setting unit 0021 and retains the light source data as an initial
value. Hereinafter, the light source data retained by the light
source data retention unit 0402 is referred to as “input light
source data”. The two-dimensional convolution processing
unit 0403 generates the two-dimensional convolution inte-
grated data by performing the two-dimensional convolution
integration on the input light source data (light source data).
The two-dimensional convolution integration process indi-
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cates convolution integration on a two-dimensional plane and
is performed on, for example, the plane 0307.

[0173] The weighting addition unit 0404 inputs the two-
dimensional convolution integrated data which is an output
result of the two-dimensional convolution processing unit
0403 and inputs the input light source data retained by the
light source data retention unit 0402. The weighting addition
unit 0404 generates the illumination volume data by perform-
ing the weighting addition on the input light source data (light
source data) and the two-dimensional convolution integrated
data based on the weight coefficient. The weight coefficient
used by the weighting addition unit 0404 is set as the optical
characteristics of the volume data (the luminance volume data
or the blood flow volume data) in regard to the light source by
the optical characteristic setting unit 0022. Hereinafter, a
weighting addition result generated by the weighting addition
unit 0404 is referred to as “output illumination data”.

[0174] The output illumination data is stored at a position
according to the coordinates of the voxels of the illumination
volume data storage unit 0401. The output illumination data is
input to the light source data retention unit 0402 and is stored
(retained) as input light source data. That is, the light source
data retention unit 0402 retains the initial value of the light
source data and the result of the weighting addition by the
weighting addition unit 0404 as the input light source data.
[0175] Here, the input light source data of the initial value
1s light source data set by the light source information setting
unit 0021, and is input to the light source data retention unit
0402 to be set (retained) before the illumination calculation
unit 0023 starts the illumination calculation.

[0176] The two-dimensional convolution processing unit
0403 and the weighting addition unit 0404 in the illumination
calculation unit 0023 generate the two-dimensional convolu-
tion integrated data by performing the two-dimensional con-
volution integration on the input light source data, while
switching the voxels corresponding to coordinates to be
referred to from the illumination calculation start position
(the plane 0304) to the illumination calculation end position
(the plane 0305) of the luminance volume data or the blood
flow volume data, and generate the illumination volume data
by performing the weighting addition on the input light
source data and the two-dimensional convolution integrated
data using the weight coefficient which is based on the lumi-
nance value or the blood flow value, while changing the
luminance value or the blood flow value corresponding to the
coordinates to be referred to.

[0177] Next, amethod of setting the weight coefficient used
by the weighting addition unit 0404 will be described with
reference to FIG. 19. As illustrated in FIG. 19(a), aluminance
two-dimensional weight coefficient table 0501 is a two-di-
mensional table which includes the weight coefficient (the
weight coefficient based on the luminance value) set by the
control unit 0003 and which is used to refer to the weight
coefficient in which a luminance value 0502 of the luminance
volume data and a distance 0503 from a body surface (or the
surface of a tissue) are stored two-dimensionally as two
indexes. As illustrated in FIG. 19(b), ablood flow two-dimen-
sional weight coefficient table 0504 is a two-dimensional
table which includes the weight coefficient (the weight coef-
ficient based on the blood flow value) set by the control umt
0003 and which is used to refer to the weight coeflicient in
which a blood flow value (voxel value) 0505 of the blood flow
volume data and a distance 0506 from a body surface (or the
surface of a tissue) are stored two-dimensionally as two
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indexes. That is, the weight coefficients are regulated by the
luminance two-dimensional weight coefficient table 0501 in
which the luminance value of the luminance volume data and
the distance from the surface of a target object are set as
indexes and the blood flow two-dimensional weight coeffi-
cient table 0504 in which the blood flow value of the blood
flow volume data and the distance from the surface of a target
objectare set as indexes. In this case, the optical characteristic
setting unit 0022 sets the weight coefficients regulated by the
luminance two-dimensional weight coefficient table 0501
and the blood flow two-dimensional weight coefficient table
0504. The optical characteristic setting unit 0022 sets the
weight coefficient according to the luminance of the lumi-
nance volume data and the distance from the surface of the
target object. The optical characteristic setting unit 0022 sets
the weight coefficient according to the blood flow value of the
blood flow volume data and the distance from the surface of a
target object. That is, the optical characteristic setting unit
0022 sets the weight coeflicient according to at least one
voxel value of the plurality of pieces of volume data and the
distance from the surface of the target object.

[0178] Theoptical characteristics according to the embodi-
ment are regulated by the weight coefficient set so that a
behavior (action) of light is replicated based on the optical
characteristics of a tissue and are set by the optical character-
istic setting unit 0022. The optical characteristic setting unit
0022 sets the luminance two-dimensional weight coefficient
table 0501 that includes the weight coefficient as the optical
characteristics of the luminance volume data and the blood
flow two-dimensional weight coefficient table 0504 that
includes the weight coefficient as the optical characteristics of
the blood flow volume data.

[0179] Asillustrated in FIG. 19(a), two weight coefficients
al and b1 are referred to from the luminance two-dimensional
weight coefficient table 0501 based on the two indexes, the
luminance value of the luminance volume data and the dis-
tance from a body surface (or the surface of a tissue). As
illustrated in FIG. 19(b), two weight coefficients a2 and b2 are
referred to from the blood flow two-dimensional weight coef-
ficient table 0504 based on the two indexes, the blood flow
value of the blood flow volume data and the distance from a
body surface (or the surface of a tissue). In the embodiment,
acase in which one of the luminance two-dimensional weight
coefficient table 0501 and the blood flow two-dimensional
weight coefficient table 0504 is selected by a threshold value
will be described. For example, either of the luminance two-
dimensional weight coefficient table 0501 or the blood flow
two-dimensional weight coefficient table 0504 is selected
based on a luminance threshold value ¢1 by comparing the
luminance threshold value ¢1 to the luminance value corre-
sponding to coordinates to be referred to.

[0180] The weight coefficients al and a2 are weight coef-
ficients having an influence on (multiplied to) the input light
source data and the weight coefficients b1 and b2 are weight
coefficients having an influence on (multiplied to) the two-
dimensional convolution integrated data. When the lumi-
nance two-dimensional weight coefficient table 0501 is
selected by the luminance threshold value c1, the weight
coefficients al and b1 referred to from the luminance two-
dimensional weight coefficient table 0501 are multiplied to
the input light source data and the two-dimensional convolu-
tion integrated data. In this case, a behavior (the degree of
diffusion or the like) of light in the luminance volume data can
be simply set by adjusting the magnitudes of the weight
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coefficients al and b1. When the blood flow two-dimensional
weight coefficient table 0504 is selected by the luminance
threshold value c1, the weight coefficients a2 and b2 referred
to from the blood flow two-dimensional weight coefficient
table 0504 are multiplied to the input light source data and the
two-dimensional convolution integrated data. In this case, a
behavior of light in the blood flow volume data can be simply
set by adjusting the magnitudes of the weight coefficients a2
and b2.

[0181] A relation between the luminance volume data and
the blood flow volume data can be adjusted by adjusting the
luminance threshold value ¢1. For example, when the lumi-
nance value of the luminance volume data corresponding to
coordinates to be referred to is equal to or greater than the
luminance threshold value c1, the weight coefficient at the
coordinates is referred to from the luminance two-dimen-
sional weight coefficient table 0501. When the luminance
value of the luminance volume data corresponding to the
coordinates to be referred to is less than the luminance thresh-
old value cl, the weight coefficient at the coordinates is
referred to from the blood flow two-dimensional weight coef-
ficient table 0504. As a result, the relation between the lumi-
nance volume data and the blood flow volume data (the rela-
tion between the luminance two-dimensional weight
coefficient table 0501 and the blood flow two-dimensional
weight coefficient table 0504) can be adjusted by the lumi-
nance threshold value c1.

[0182] Either of the luminance two-dimensional weight
coefficient table 0501 or the blood flow two-dimensional
weight coefficient table 0504 may be selected based on the
blood flow threshold value ¢2 instead of the luminance
threshold value c1 by comparing the blood flow threshold
value ¢2 to the blood flow value corresponding to the coordi-
nates to be referred to. For example, when the blood flow
value of the blood flow volume data corresponding to coor-
dinates to be referred to is equal to or greater than the blood
flow threshold value ¢2, the weight coefficient at the coordi-
nates is referred to from the blood flow two-dimensional
weight coefficient table 0504, When the blood flow value of
the blood flow volume data corresponding to the coordinates
1o be referred to is less than the blood flow threshold value ¢2,
the weight coefficient at the coordinates is referred to from the
luminance two-dimensional weight coefficient table 0501. As
aresult, the relation between the luminance volume data and
the blood flow volume data (the relation between the lumi-
nance two-dimensional weight coefficient table 0501 and the
blood flow two-dimensional weight coefficient table 0504)
can be adjusted by the blood flow threshold value c2.

[0183] The luminance threshold value ¢1 and the blood
flow threshold value c2 may be combined and either of the
luminance two-dimensional weight coefficient table 0501 or
the blood flow two-dimensional weight coefficient table 0504
may be selected. Either of the luminance two-dimensional
weight coefficient table 0501 or the blood flow two-dimen-
sional weight coefficient table 0504 may be selected by the
plurality of luminance threshold values c1 or the plurality of
blood flow threshold value ¢2. A new weight coefficient may
be calculated by calculating an average or a weighted average
of the weight coefficients of the luminance two-dimensional
weight coefficient table 0501 and the blood flow two-dimen-
sional weight coefficient table 0504.

[0184] The referred weight coefficient and a weighted sum
(a result of the weighting addition) added after the weight
coefficients are respectively applied to the light source data
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and the two-dimensional convolution integrated data are out-
put to the illumination volume data storage unit 0401. By
setting the sum value of the referred weight coefficients (the
weight coefficients al and b1 referred from the luminance
two-dimensional weight coefficient table 0501 or the weight
coefficients a2 and b2 referred to from the blood flow two-
dimensional weight coefficient table 0504) to be large, it is
possible to set reinforced illumination. By setting the sum
value of the weight coefficients to be small, it is possible to set
weak illumination.

[0185] In the embodiment, the two-dimensional weight
coefficient table 0501 includes the luminance and the distance
from a body surface (or the surface of a tissue) as two refer-
ence indexes. In the case of ultrasonic data, luminance reflect-
ing acoustic impedance of a tissue can be useful information
reflecting the characteristics of a biological tissue. Lumi-
nance in ultrasonic data reflects the amplitude of a reflected
wave obtained by reflecting a radiated ultrasonic wave from a
diffusing body, and thus is normally attenuated with propa-
gation of the ultrasonic wave ina deep portion. Thus, in regard
to the ultrasonic data, it is difficult to classify tissues based on
only the luminance. Accordingly, by adding a distance from
the body surface of a target object (or the surface of a tissue)
as an index, it is possible to classify tissues in regard to the
ultrasonic data.

[0186] Forexample, when a target object is an unborn child
and an ultrasonic wave arriving at an arm of the unborn child
via an amniotic water is considered, the luminance of the
ultrasonic wave reflected from a diaphysis (hard tissue) of the
arm is well known to be high.

[0187] However, the luminance at the moment at which the
ultrasonic wave arrives at the surface of the arm is not attenu-
ated even when the surface of the arm is a soft tissue. There-
fore, the luminance is well known to be high as in a diaphysis.
Thus, when only the luminance is used as an index, it is
difficult to distinguish a soft tissue from a diaphysis (hard
tissue). Accordingly, a distance from the body surface of a
target object is added as an index. A diaphysis is present
inside a tissue of an unborn child. Therefore, by setting the
characteristics of the tissue using both of luminance and a
distance from a body surface (or the surface of a tissue), it is
possible to discriminate the tissue.

[0188] For example, in regard to a distance from a body
surface (or the surface of a tissue), when the luminance of a
certain voxel is higher than a preset threshold value, the
luminance is determined to correspond to a tissue, and thus a
distance corresponding to 1 voxel is added as the value of the
distance from the body surface (or the surface of the tissue).
Conversely, when the luminance of a certain voxel is lower
than the preset threshold value, the luminance is determined
not to correspond to a tissue, and thus the value of the distance
from the body surface (or the surface of the tissue) in the voxel
is initialized.

[0189] A distance from a body surface (or the surface of a
tissue) can be used as the index of the weight coefficient.
Then, when asoft tissue with high luminance is present on the
surface of a tissue as in an arm of an unborn child and a
diaphysis with substantially the same luminance as the soft
tissue is presentat a deep position from the surface of a tissue,
a different optical effect can be provided depending on a
tissue despite substantially the same luminance by setting a
different weight coefficient according to a distance from the
body surface (or the surface of the tissue). That is, by distin-
guishing a soft tissue from a diaphysis (hard tissue) according
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to a distance from a body surface (or the surface of a tissue)
and setting a different weight coefficient, a behavior (diftu-
sion, absorption, reflection, and the like) of light in a tissue
can be expressed so that the soft tissue is distinguished from
the diaphysis (hard tissue), and thus an image of which reality
is improved can be obtained in a volume rendering method.
By using a characteristic weight coefficient according to the
characteristics of a tissue, a proper optical effect can be pro-
vided even when it is difficult to specify the characteristics (or
kind) of the tissue by only the luminance value as in ultrasonic
data.

[0190] In this way, by setting the two-dimensional weight
coefficient table reflecting the characteristics of tissues with-
out performing complicated calculation and adjusting a
behavior (the degree of diffusion or the like) of light based on
the two-dimensional weight coefficient table, optical effects
in the tissues can be provided simply or arbitrarily, and thus a
three-dimensional image of which reality is improved can be
generated according to the characteristics (for example, hard-
ness or softness of tissues) of the tissues.

[0191] In the embodiment, the two-dimensional weight
coefficient table 0504 includes a blood flow value and a
distance from a blood vessel (or the surface of a blood flow)
as two reference indexes. In the case of ultrasonic data, it is
determined in some cases that there is a blood flow even at a
location at which a pseudo blood flow component is detected
due to a motion of a tissue or a probe and a blood flow is not
actually present. Thus, in the ultrasonic data, it is difficult to
classify tissues based on only a blood flow value in some
cases. Accordingly, by adding a distance from a blood flow
surface (or the surface of a tissue) as an index, it is possible to
classify tissues in regard to the ultrasonic data.

[0192] For example, when a blood flow value is equal to or
greater than the blood flow threshold value c2 and the weight
coefficient is referred to from the blood flow two-dimensional
weight coefficient table 0504 and when a distance from the
surface of a blood vessel is greater than a predetermined
threshold value, the blood flow value corresponding to coor-
dinates to be referred to is considered to be caused from a
pseudo blood flow component rather than an actual blood
flow. Therefore, by setting the weight coefficients a2 and b2 in
the blood flow two-dimensional weight coefficient table 0504
to be the same as weight coefficients of a peripheral tissue and
expressing a behavior (diffusion, absorption, reflection, or the
like) of light in a tissue without distinction of the peripheral
tissue, the weight coefficients can be set so that the behavior
(action) of the light is not reflected to a portion having the
blood flow value caused due to a pseudo blood flow compo-
nent. Thus, it is possible to generate the three-dimensional
image of which reality is improved.

[0193] The illumination calculation unit 0023 repeatedly
performs the foregoing illumination calculation process
while switching a voxel corresponding to the coordinates to
be referred to by the weighting addition unit 0404 from the
illumination calculation start position (the plane 0304) to the
illumination calculation end position (the plane 0305) and
switching a luminance value corresponding to coordinates to
be referred to. The illumination calculation unit 0023 selects
one piece of volume data from two pieces of volume data (the
luminance volume data and the blood flow volume data) for
respective coordinates of the volume data, calculates illumi-
nation of a position according to the coordinates based on the
optical characteristics (or the weight coefficients) of the
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selected volume data, and generates the illumination volume
data based on the calculated illumination.

[0194] Theillumination calculation unit 0023 performs the
calculation up to the illumination calculation end position to
generate illumination volume data in which all of the illumi-
nation corresponding to voxel coordinates on the volume data
are calculated, and then stores the illumination volume data in
the illumination volume data storage unit 0401.

[0195] The behavior characteristics of light differ depend-
ing on a wavelength of a light source according to the law of
nature. Accordingly, when the reality is further improved in
conformity to the law of nature, the illumination calculation is
performed for each wavelength of the light source. In this
case, the weight coefficients differ for each wavelength of the
light source.

[0196] The light source information setting unit 0021 sets
the light source data according to a plurality of wavelengths of
the light source. The optical characteristic setting unit 0022
sets the weight coeflicients for each of the plurality of wave-
lengths.

[0197] Theillumination calculation unit 0023 performs the
illumination calculation for each of the plurality of wave-
lengths of the light source 0302 to generate the illumination
volume data. For example, when the light source 0302 is 7
colors of the visible light, the illumination calculation unit
0023 sets 7 kinds of weight coefficients (or two-dimensional
weight coefficient tables) and generates 7 kinds of pieces of
illumination volume data. When the light source 0302 is the
three primary colors of additive color mixture, the illumina-
tion calculation unit 0023 sets three sets of weight coefficients
(or three kinds of two-dimensional weight coefficient tables)
corresponding to wavelengths ofthe R, G, and B components
and generates three kinds of pieces of illumination volume
data. That is, the light source information setting unit 0021
sets the light source data according to the plurality of wave-
lengths of the light source, the optical characteristic setting
unit 0022 sets the weight coeflicient for each of the plurality
of wavelengths, and the illumination calculation unit 0023
generates the illumination volume data for each of the plural-
ity of wavelengths.

[0198] In the embodiment, a case will be described in
which the light source 0302 is the three primary colors of
additive color mixture, three sets of weight coefficients (or
three kinds of two-dimensional weight coefficient tables) are
set, and three kinds of pieces of illumination volume data are
generated. An initial value of the light source data is set for
each wavelength of the light source 0302. That is, the same
number of initial values of the light source data as the number
of effective wavelengths is set by the light source information
setting unit 0021. Accordingly, in the embodiment, three
kinds of pieces of light source data corresponding to the
wavelengths of the R, G, and B components are set and are
each retained as independent input light source data by the
light source data retention unit 0402. The initial values of the
three kinds of pieces of light source data may be initial values
selected via the operation unit 0004 by an operator or may be
initial values set using an image.

[0199] The illumination calculation unit 0023 calculates
the illumination disposed on the luminance volume data
based on the three kinds of light source data and three kinds of
optical characteristics (the weight coefficient or two-dimen-
sional coefficient table) and generates three kinds of pieces of
illumination volume data.
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[0200] The projection processing unit 0018 generates a
three-dimensional image based on opacity referred to by the
illumination of the illumination volume data and the voxel
value of the luminance volume data (the luminance value of
the luminance volume data or the blood flow value of the
blood flow volume data). When the light source 0302 is the
three primary colors, the projection processing unit 0018
generates the three-dimensional image from the three kinds
of pieces of illumination volume data generated by the illu-
mination calculation unit 0023, the luminance volume data
stored in the luminance volume data storage unit 0015, and
the blood flow volume data stored in the blood flow volume
data storage unit 0035. A projection process in the projection
processing unit 0018 is performed based on illumination
(voxel value), opacity oJi], and gradient values S[i] in illumi-
nation volume data L_r[k], L_g[k], and L_b[k] of the respec-
tive wavelengths (the R, G, and B components), as shown in
equations (4) to (6) below, to generate the three-dimensional
image. That is, the three-dimensional image is generated by
multiplying voxel values in illumination volume data L._t{k],
L_g[k], and [_b[k] of the respective wavelengths by opacity
terms obtained by opacity a[i] and values of gradient values
S[i] and performing summation in a visual line direction. In
the equations, “k” indicates voxel coordinates in the visual
line direction. The visual line direction is set as a direction in
which an ultrasonic image is observed via the control unit
0003 by the operation unit 0004.

[0201] Here, the opacity a[i] and the gradient value S[i] are
preferably set from the opacity referred to by either of the
luminance volume data or the blood flow volume data and the
gradient value of either of the luminance gradient volume
data or the blood flow gradient volume data according to
selection of the luminance two-dimensional weight coeffi-
cient table 0501 and the blood flow two-dimensional weight
coefficient table 0504 referred to by the weighting addition
unit 0404. The opacity a[i] and the gradient value S[i] are set
for each voxel. For example, when the weight coefficient is
referred to from the luminance two-dimensional weight coef-
ficient table 0501 in an i-th voxel in the visual line direction,
the opacity ai] referred to by the luminance volume data and
the gradient value S[i] of the luminance gradient volume data
are set. Further, when the weight coefficient is referred to
from the blood flow two-dimensional weight coefficient table
0504 in an i-th voxel in the visual line direction, the opacity
ali] referred to by the blood flow volume data and the gradi-
ent value S[i] of the blood flow gradient volume data are set.
OUT_RKJ=S"O%((L_y[kj-S[K])celk] TV %L (1-q,
[m]) *

OUT_G[K]=E4(L_g/k] Skl allf T (1-a
1) ®

OUTig[K]:EJFO:k((Libﬂ{].S/k]).a[k].nmzo:k—l(l_a
[m]) (6)

[0202] The three-dimensional image generated by the
three-dimensional image processing unit 0016 is disposed on
the same screen as an arbitrary cross-sectional image by the
image combination unit 0017 and is displayed by the display
unit 0009.

[0203] Inthe embodiment, the ultrasonic diagnostic device
0001 includes the gradient calculation units 0019 and 0039,
but may also exclude the gradient calculation units 0019 and
0039. In this case, the terms of gradient values S[i] in equa-
tions (4) to (6) are excluded from equations (4) to (6) (or are
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treated as “1.0”) so that these terms do not contribute to the
three-dimensional image to be generated.

[0204] Next, the characteristics of the three-dimensional
image according to the embodiment will be described with
reference to FIG. 20. A three-dimensional image 0611 in FIG.
20 is a three-dimensional image constructed according to a
method according to the embodiment. As illustrated in FIG.
20, a bright portion 0612 on the three-dimensional image
0611 indicates a muscle tissue of a heart and a dark portion
0613 indicates a blood flow. When the method according to
the embodiment is used, light passes through a blood vessel
so that a portion 0614 in a muscle portion colors red is gen-
erated. When the method according to the embodiment is
used, light passes through both of a blood vessel and a muscle
tissue so that diffusion and absorption of light occur by inter-
action of the light, and thus a portion 0615 in which a muscle
tissue is dark and colors red is generated. In this way, the
behavior of the light occurring by passing the light through
the blood vessel or the interaction of light in the adjacent
tissue can be expressed. A three-dimensional image 0620 is
an example of'a general three-dimensional image in which the
method according to the embodiment is not used. When the
three-dimensional image 0611 generated using the method
according to the embodiment is compared to the three-dimen-
sional image 0620, the three-dimensional image 0611 can be
known to be a stereoscopic and realistic three-dimensional
image compared to the three-dimensional image 0620.
Accordingly, by using the method according to the embodi-
ment, it is possible to obtain a natural image of which reality
is improved in a volume rendering method.

[0205] FIG. 21 is a diagram illustrating a display example
according to the embodiment. As illustrated in FIG. 21, three
cross-sectional surfaces 0711, 0712, and 0713 of which
planes are orthogonal to each other and a three-dimensional
image 0714 are simultaneously displayed. The three-dimen-
sional image generated by the three-dimensional image pro-
cessing unit 0016 is disposed on the same screen as the three
orthogonal cross-sectional surfaces (or arbitrary cross-sec-
tional images) 0711, 0712, and 0713 by the image combina-
tion unit 0017 to be displayed by the display unit 0009. By
observing the surface by the three-dimensional image with
reference to each cross-sectional surface, it is possible to
improve inspection precision and efficiency.

[0206] The embodiment has been described above, but the
present invention is not limited thereto and is alternated and
modified within the scope described in the claims.

[0207] FIG. 22 is a diagram illustrating a modification
example of the two-dimensional weight coefficient table
according to the embodiment. As illustrated in FIG. 22,
instead of the two two-dimensional weight coefficient tables
(the luminance two-dimensional weight coefficient table
0501 and the blood flow two-dimensional weight coefficient
table 0504), a luminance blood flow two-dimensional weight
coefficient table 0801 may be used in the weighting addition
unit 0404. The luminance blood flow two-dimensional
weight coefficient table 0801 is a two-dimensional table
which includes weight coeflicients (weight coefficients based
on a luminance value and a blood flow value) set by the
control unit 0003 and is used to refer to the weight coefficients
in which a luminance value 0802 of the luminance volume
data and a blood flow value 0803 of the blood flow volume
data are stored as two indexes two-dimensionally. That is, the
weight coefficients are regulated by the luminance blood flow
two-dimensional weight coefficient table 0801 in which the
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luminance value of the luminance volume data and the blood
flow value of the blood flow volume data are set as indexes. In
this case, the optical characteristic setting unit 0022 sets the
weight coefficients regulated by the luminance blood flow
two-dimensional weight coefficient table 0801. The optical
characteristic setting unit 0022 sets the weight coefficients
according to the luminance of the luminance volume data and
the blood flow value of the blood flow volume data. The
optical characteristics in the embodiment are regulated by the
weight coefficients set so that a behavior (action) of light is
replicated based on the optical characteristics of a tissue, and
are set by the optical characteristic setting unit 0022. The
optical characteristic setting unit 0022 sets the luminance
blood flow two-dimensional weight coefficient table 0801
which includes the weight coefficients as the optical charac-
teristics of the luminance volume data and the blood flow
volume data. Asillustrated in FIG. 22, two weight coefficients
a3 and b3 are referred to from the luminance blood flow
two-dimensional weight coefficient table 0801 based on the
two indexes, the luminance of the luminance volume data and
the blood flow value of the blood flow volume data. The
weight coefficient a3 is a weight coefficient having an influ-
ence on (multiplied to) the input light source data and the
weight coefficient b3 is a weight coefficient having an influ-
ence on (multiplied to) the two-dimensional convolution inte-
grated data. In this case, a behavior of light in the luminance
volume data and a behavior of light in the blood flow volume
data can be simply set by adjusting the magnitudes of the
weight coefficients a3 and b3. Further, it is not necessary to
select either of the luminance two-dimensional weight coef-
ficient table 0501 or the blood flow two-dimensional weight
coeflicient table 0504 by the threshold values ¢1 and ¢2 or the
like, and thus it is possible to simply set the behavior of light
corresponding to the luminance and the blood flow can be
simply set using the single luminance blood flow two-dimen-
sional weight coefficient table 0801.

[0208] FIG. 23 is a diagram illustrating another modifica-
tion example of the weight coefficient table according to the
embodiment. As illustrated in FIG. 23, instead of the two-
dimensional weight coefficient table, a luminance blood flow
three-dimensional weight coefficient table 0907 may be used
in the weighting addition unit 0404. The luminance blood
flow three-dimensional weight coefficient table 0907 is a
three-dimensional table which includes weight coefficients
(weight coefficients based on a luminance value and a blood
flow value) set by the control unit 0003 and which is used to
refer to the weight coefficients in which a luminance value
0908 of the luminance volume data, a blood flow value 0909
of the blood flow volume data, and a distance 0910 from a
body surface (or the surface of a tissue) are stored as three
indexes three-dimensionally. That is, the weight coefficients
are regulated by the luminance blood flow three-dimensional
weight coefficient table 0907 in which the luminance value of
the luminance volume data, the blood flow value of the blood
flow volume data, and the distance from the surface of a target
object are set as indexes. In this case, the optical characteristic
setting unit 0022 sets the weight coefficients regulated by the
luminance blood flow three-dimensional weight coefficient
table 0907. The optical characteristic setting unit 0022 sets
the weight coefficients according to the luminance value of
the luminance volume data, the blood flow value of the blood
flow volume data, and the distance from the surface of a target
object. That is, the optical characteristic setting unit 0022 sets
the weight coefficients according to at least two voxel values
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of the plurality of pieces of volume data and the distance from
the surface of the target object.

[0209] The optical characteristics in the embodiment are
regulated by the weight coefficients set so that a behavior
(action) of light is replicated based on the optical character-
istics of a tissue, and are set by the optical characteristic
setting unit 0022. The optical characteristic setting unit 0022
sets the luminance blood flow three-dimensional weight coef-
ficient table 0907 which includes the weight coefficients as
the optical characteristics of the luminance volume data and
the blood flow volume data. As illustrated in FIG. 23, two
weight coefficients a4 and b4 are referred to from the lumi-
nance blood flow three-dimensional weight coefficient table
0907 based on the three indexes, the luminance of the lumi-
nance volume data, the blood flow value of the blood flow
volume data, and the distance from the surface of a target
object. The weight coefficient a4 is a weight coefficient hav-
ing an influence on (multiplied to) the input light source data
and the weight coefficient b4 is a weight coefficient having an
influence on (multiplied to) the two-dimensional convolution
integrated data. In this case, a behavior of light in the lumi-
nance volume data and a behavior of light in the blood flow
volume data can be simply set by adjusting the magnitudes of
the weight coefficients a4 and b4. Further, it is not necessary
to select either of the luminance two-dimensional weight
coefficient table 0501 or the blood flow two-dimensional
weight coefficient table 0504 by the threshold values ¢1 and
c2 or the like, and thus it is possible to simply set the behavior
of light corresponding to the luminance and the blood flow
can be simply set using the single luminance blood flow
three-dimensional weight coefficient table 0907. Thus, a tis-
sue can be distinguished and expressed according to the dis-
tance.

Third Embodiment

[0210] Hereinafter, the ultrasonic diagnostic device 0001
according to a third embodiment of the present invention will
be described with reference to the drawings. FIG. 24 1s a
block diagram illustrating an example of the ultrasonic diag-
nostic device according to the embodiment. In the embodi-
ment, differences from the second embodiment will be
mainly described and the other portions are the same as those
of the second embodiment. The constituent elements denoted
by the same reference numerals as those of the second
embodiment have the same functions and operations as those
of the second embodiment. As illustrated in FIG. 24, the
ultrasonic diagnostic device 0001 includes a control unit
0003, an operation unit 0004, a transmission unit 0005, a
reception unit 0006, a transmission and reception control unit
0007, a phasing addition unit 0008, a display unit 0009, a
luminance information calculation unit 0011, a three-dimen-
sional luminance data storage unit 0012, an arbitrary cross-
sectional image generation unit 0013, a three-dimensional
coordinate conversion unit 0014, a luminance volume data
storage unit 0015, a three-dimensional image processing unit
0016, an image combination unit 0017, a projection process-
ing unit 0018, and a gradient calculation unit 0019.

[0211] The ultrasonic diagnostic device 0001 includes an
elasticity information calculation unit 1031, a three-dimen-
sional elasticity data storage unit 1032, an arbitrary cross-
sectional image generation unit 1033, a three-dimensional
coordinate conversion unit 1034, an elasticity volume data
storage unit 1035, and a gradient calculation unit 1039. The
ultrasonic diagnostic device 0001 displays a three-dimen-
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sional image of a target object based on luminance volume
data and elasticity volume data. An ultrasonic probe 0002 is
connected to the ultrasonic diagnostic device 0001.

[0212] The elasticity information calculation unit 1031
constructs elasticity tomographic images based on the RF
signal frame data generated by the phasing addition unit
0008. The three-dimensional elasticity data storage unit 1032
stores the plurality of elasticity tomographic images con-
structed by the elasticity information calculation unit 1031.
The arbitrary cross-sectional image generation unit 1033 gen-
erates arbitrary cross-sectional images based on the acquired
shapes of the elasticity tomographic images. The three-di-
mensional coordinate conversion unit 1034 performs three-
dimensional coordinate conversion based on the acquired
shapes of the elasticity tomographic images to generate elas-
ticity volume data and stores the elasticity volume data in the
elasticity volume data storage unit 1035.

[0213] The three-dimensional image processing unit 0016
generates illumination volume data using the luminance vol-
ume data stored in the luminance volume data storage unit
0015 and the elasticity volume data stored in the elasticity
volume data storage unit 1035.

[0214] The gradient calculation unit 1039 generates elas-
ticity gradient volume data using the elasticity volume data
stored in the elasticity volume data storage unit 1035. A
gradient value of the gradient volume data (the elasticity
gradient volume data) is a value indicating a slope (for
example, a slope of a normal line in a three-dimensional
shape or an angle between of the normal line in the three-
dimensional shape and a light source direction) of a three-
dimensional shape calculated based on an elasticity value.
[0215] The projection processing unit 0018 generates a
three-dimensional image by performing a rendering process
using the illumination volume data, the luminance volume
data, and the luminance gradient volume data to generate a
three-dimensional image. The projection processing unit
0018 generates a three-dimensional image by performing a
rendering process using the illumination volume data, the
elasticity volume data, and the elasticity gradient volume
data. The projection processing unit 0018 selects luminance
or elasticity for each voxel. When the luminance s selected,
the rendering calculation is performed on the voxel using the
illumination volume data, the luminance volume data, and the
luminance gradient volume data. When the elasticity is
selected, the rendering calculation is performed on the voxel
using the illumination volume data, the elasticity volume
data, and the elasticity gradient volume data. The projection
processing unit 0018 generates a three-dimensional image by
integrating the results of the rendering calculation on the
voxels in accordance with the luminance or the elasticity into
the entire volume. The image combination unit 0017 com-
bines the three-dimensional image generated by the projec-
tion processing unit 0018, the arbitrary cross-sectional image
of three-dimensional luminance data generated by the arbi-
trary cross-sectional image generation unit 0013, and the
arbitrary cross-sectional image of the three-dimensional elas-
ticity data generated by the arbitrary cross-sectional image
generation unit 1033. The display unit 0009 displays a display
image generated by the image combination unit 0017.
[0216] Next, aprocess for the three-dimensional luminance
data and the three-dimensional elasticity data will be
described. The ultrasonic probe 0002 can transmit and receive
the ultrasonic waves and can perform measurement along two
axes of, for example, 6 and ¢ while switching transmission
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and reception directions two-dimensionally. The luminance
information calculation unit 0011 constructs two-dimen-
sional luminance data by inputting the RF signal frame data
output from the phasing addition unit 0008 based on a setting
condition in the control unit 0003 and performing signal
processing such as gain correction, log compression, detec-
tion, contour enhancement, and a smoothing process.

[0217] An elasticity value is measured from frame data by
calculating an amount of strain occurring when a probe is
manually or mechanically pressed against an object upward
and downward. The elasticity information calculation unit
1031 stores the RF signal frame data output from the phasing
addition unit 0008, measures displacement of a biological
tissue from at least two pieces of frame data, and generates
displacement information. The elasticity information calcu-
lation unit 1031 performs elasticity information calculation
of obtaining strain or modulus of elasticity from the displace-
ment information and performs a process such as contour
enhancement and a smoothing process to construct two-di-
mensional elasticity data. The two-dimensional elasticity
data is configured to include at least an amount of displace-
ment, an amount of strain, and modulus of elasticity.

[0218] The three-dimensional elasticity data storage unit
1032 has a function of storing a plurality of pieces of two-
dimensional elasticity data, which is output data of the elas-
ticity information calculation unit 1031, based on transmis-
sion and reception directions corresponding to acquisition
positions. For example, a plurality of pieces of two-dimen-
sional elasticity data obtained by driving and acquiring two-
dimensional elasticity tomographic images, generated from
measurement results when time-series ultrasonic data
sampled in a depth direction is transmitted and received in a
6 direction, in a ¢ direction orthogonal to the 6 direction in
association with ¢ are stored as three-dimensional elasticity
data.

[0219] The three-dimensional coordinate conversion unit
1034 performs three-dimensional coordinate conversion on
coordinates in a space based on the acquisition positions
(depth, 6, ¢) using the three-dimensional elasticity data stored
in the three-dimensional elasticity data storage unit 1032,
generates elasticity volume data, and stores the elasticity
volume data in the elasticity volume data storage unit 1035.
[0220] The arbitrary cross-sectional image generation unit
1033 generates an arbitrary cross-sectional image of the
three-dimensional elasticity data on an arbitrary plane in a
three-dimensional space set by the control unit 0003 and the
operation unit 0004 based on the acquisition positions (depth,
0, ¢) using the three-dimensional elasticity data stored in the
three-dimensional elasticity data storage unit 1032.

[0221] The gradient calculation unit 1039 generates vol-
ume data in which a gradient in a visual line direction at
respective voxel coordinates is calculated based on the elas-
ticity volume data stored in the elasticity volume data storage
unit 1035.

[0222] Next, a process of the three-dimensional image pro-
cessing unit 0016 will be described. The three-dimensional
image processing unit 0016 is a characteristic processing unit
of the ultrasonic diagnostic device 0001 according to the
embodiment and generates illumination volume data based
on a light source in the three-dimensional space set by the
control unit 0003 and the operation unit 0004, using the
luminance volume data stored in the luminance volume data
storage unit 0015 and the elasticity volume data stored in the
elasticity volume data storage unit 1035.
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[0223] FIG.25is ablock diagramillustrating an example of
the three-dimensional image processing unit 0016. As illus-
trated in FIG. 25, the three-dimensional image processing
unit 0016 includes alight source information setting unit
0021, an optical characteristic setting unit 0022, and an illu-
mination calculation unit 0023.

[0224] The ultrasonic diagnostic device 0001 according to
the embodiment is the ultrasonic diagnostic device 0001 that
displays a three-dimensional image of a target object based on
luminance volume data and the elasticity volume data. The
ultrasonic diagnostic device 0001 includes the light source
information setting unit 0021 that sets light source data indi-
cating the characteristics of a light source set in a three-
dimensional space, the optical characteristic setting unit 0022
that sets a weight coefficient indicating optical characteristics
of the luminance volume data and a weight coefficient indi-
cating optical characteristics of the elasticity volume data in
regard to the light source, the illumination calculation unit
0023 that calculates at least one of illumination of a position
according to coordinates of the luminance volume data and
illumination of a position according to coordinates of the
elasticity volume data based on the light source data and the
weight coefficients and generates illumination volume data
based on the calculated illumination, and the projection pro-
cessing unit 0018 that generates the three-dimensional image
from at least one of the luminance volume data and the elas-
ticity volume data and the illumination volume data.

[0225] A method of generating an ultrasonic three-dimen-
sional image according to the embodiment is an ultrasonic
wave three-dimensional image generation method of display-
ing a three-dimensional image of a target object based on the
luminance volume data and the elasticity volume data. The
method includes setting light source data indicating charac-
teristics of a light source set in a three-dimensional space,
setting a weight coefficient indicating optical characteristics
of the luminance volume data and a weigh coefficient indi-
cating the optical characteristics of the elasticity volume data
in regard to the light source, calculating at least one of illu-
mination of a position according to coordinates of the lumi-
nance volume data and illumination of a position according to
coordinates of the elasticity volume data based on the light
source data and the weight coefficients, generating illumina-
tion volume data based on the calculated illumination, and
generating the three-dimensional image from at least one of
the luminance volume data and the elasticity volume data and
the illumination volume data.

[0226] The light source information setting unit 0021 sets
(generates) light source data indicating the characteristics of
the light source set in the three-dimensional space of the
three-dimensional image. For example, the light source infor-
mation setting unit 0021 sets light source data indicating
strength of the light source. The light source information
setting unit 0021 can also adjust at least one of the strength of
the light source, a position of the light source in the three-
dimensional space, a direction of the light source, color tone
of the light source, and a shape of the light source to set the
light source data. The optical characteristic setting unit 0022
sets the optical characteristics of the luminance volume data
and the elasticity volume data set by the control unit 0003 and
the operation unit 0004. The optical characteristic setting unit
0022 sets weight coefficients indicating the optical character-
istics of the luminance volume data and the elasticity volume
data in regard to the light source. The illumination calculation
unit 0023 calculates illumination corresponding to the coor-
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dinates of voxels on the output illumination volume data
using at least one of the luminance volume data and the
elasticity volume data based on the light source data set by the
light source information setting unit 0021 and the optical
characteristics set by the optical characteristic setting unit
0022 and generates illumination volume data.

[0227] That is, the illumination calculation unit 0023 cal-
culates the illumination based on the light source data, the
weight coefficients, the luminance volume data, and the vol-
ume data (the luminance volume data or the elasticity volume
data) and generates the illumination volume data based on the
calculated illumination.

[0228] Next, light source information set by the light source
information setting unit 0021, optical characteristics set by
the optical characteristic setting unit 0022, and a method of
generating the illumination volume data in the illumination
calculation unit 0023 will be described.

[0229] FIG. 26 is aconceptual diagram schematically illus-
trating a positional relation between the luminance volume
data or the elasticity volume data and the light source. As
illustrated in FIG. 26, a light source (parallel light source)
0302 is set in a light source direction 0303 in luminance
volume data or elasticity volume data 0301 in the luminance
volume data storage unit 0015 by the control unit 0003 and
the operation unit 0004. The position of the light source 0302,
the light source direction 0303, and light source data in a
three-dimensional space are generated by the light source
information setting unit 0021.

[0230] A plane 0304 indicates a position ofa plane in which
the volume data (the luminance volume data or the elasticity
volume data) 0301 first intersects (comes into contact with)
an orthogonal plane in the light source direction 0303 and
indicates an illumination calculation start position. A plane
0305 indicates a position of a plane in which the volume data
(the luminance volume data or the elasticity volume data)
0301 finally intersects (comes into contact with) an orthogo-
nal plane in the light source direction 0303 and indicates an
illumination calculation end position.

[0231] The illumination calculation unit 0023 performs
illumination calculation on a plane (an orthogonal plane in
the light source direction 0303) orthogonal in the light source
direction 0303. In FIG. 26, the illumination calculation unit
0023 performs the illumination calculation in a scope from
the plane 0304 to the plane 0305. For example, the illumina-
tion calculation unit 0023 performs illumination calculation
on a plane 0307 in illumination calculation of a sample 0306
located in the light source direction 0303.

[0232] Next, an example of the configuration of the illumi-
nation calculation unit 0023 will be described with reference
to FIG. 27. As illustrated in FIG. 27, the illumination calcu-
lation unit 0023 includes an illumination volume data storage
unit 0401, a light source data retention unit 0402, a two-
dimensional convolution processing unit 0403, and a weight-
ing addition unit 0404. The illumination calculation unit 0023
includes the two-dimensional convolution processing umit
0403 that generates two-dimensional convolution integrated
data by performing two-dimensional convolution integration
on the light source data and the weighting addition unit 0404
that generates the illumination volume data by performing
weighting addition on the light source data and the two-
dimensional convolution integrated data based on the weight
coefficient which is based on at least one of the luminance
value and the elasticity value.
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[0233] The illumination calculation unit 0023 includes the
light source data retention unit 0402 that retains an initial
value of the light source data and a result of the weighting
addition obtained by the weighting addition unit as input light
source data. The illumination calculation unit 0023 generates
two-dimensional convolution integrated data by performing
two-dimensional convolution integration on the input light
source data while switching voxels from the illumination
calculation start position to the illumination calculation end
position of the luminance volume data, and generates the
illumination volume data by performing weighting addition
on the input light source data and the two-dimensional con-
volution integrated data based on the weight coefficient
which is based on at least one of the luminance value and the
elasticity value.

[0234] The light source data retention unit 0402 inputs the
light source data generated by the light source information
setting unit 0021 and retains the light source data as an initial
value. Hereinafter, the light source data retained by the light
source data retention unit 0402 is referred to as “input light
source data”. The two-dimensional convolution processing
unit 0403 generates the two-dimensional convolution inte-
grated data by performing the two-dimensional convolution
integration on the input light source data (light source data).
The two-dimensional convolution integration process indi-
cates convolution integration on a two-dimensional plane and
is performed on, for example, the plane 0307.

[0235] The weighting addition unit 0404 inputs the two-
dimensional convolution integrated data which is an output
result of the two-dimensional convolution processing unit
0403 and inputs the input light source data retained by the
light source data retention unit 0402. The weighting addition
unit 0404 generates the illumination volume data by perform-
ing the weighting addition on the input light source data (light
source data) and the two-dimensional convolution integrated
data based on the weight coefficient. The weight coefficient
used by the weighting addition unit 0404 is set as the optical
characteristics of the volume data (the luminance volume data
or the elasticity volume data) in regard to the light source by
the optical characteristic setting unit 0022. Hereinafter, a
weighting addition result generated by the weighting addition
unit 0404 is referred to as “output illumination data”.

[0236] The output illumination data is stored at a position
according to the coordinates of the voxels of the illumination
volume data storage unit 0401. The output illumination data is
input to the light source data retention unit 0402 and is stored
(retained) as input light source data. That is, the light source
data retention unit 0402 retains the initial value of the light
source data and the result of the weighting addition by the
weighting addition unit 0404 as the input light source data.
[0237] Here, the input light source data of the initial value
is light source data set by the light source information setting
unit 0021, and is input to the light source data retention unit
0402 to be set (retained) before the illumination calculation
unit 0023 starts the illumination calculation.

[0238] The two-dimensional convolution processing unit
0403 and the weighting addition unit 0404 in the illumination
calculation unit 0023 generate the two-dimensional convolu-
tion integrated data by performing the two-dimensional con-
volution integration on the input light source data, while
switching the voxels corresponding to coordinates to be
referred to from the illumination calculation start position
(the plane 0304) to the illumination calculation end position
(the plane 0305) of the luminance volume data or the elastic-
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ity volume data, and generate the illumination volume data by
performing the weighting addition on the input light source
data and the two-dimensional convolution integrated data
using the weight coefficient, while switching the luminance
value or the elasticity value corresponding to the coordinates
to be referred to.

[0239] Next, amethod of setting the weight coefficient used
by the weighting addition unit 0404 will be described with
reference to FIG. 28. F1G. 28 is a diagram illustrating a weight
coefficient table according to the embodiment. As illustrated
in FIG. 28, a luminance elasticity three-dimensional weight
coefficient table 1201 is used by the weighting addition unit
0404. The luminance elasticity three-dimensional weight
coefficient table 1201 is a three-dimensional table which
includes the weight coefficients (the weight coefficients
based on the luminance value and the elasticity value) set by
the control unit 0003 and which is used to refer to the weight
coefficients in which a luminance value 1202 of the lumi-
nance volume data, an elasticity value (voxel value) 1203 of
the elasticity volume data, and a distance 1204 from a body
surface (or the surface of a tissue) are stored three-dimension-
ally as three indexes. That is, the weight coefficients are
regulated by the luminance elasticity three-dimensional
weight coefficient table 1201 in which the luminance value of
the luminance volume data, the elasticity value of the elastic-
ity volume data, and the distance from the surface of a target
object are set as indexes. In this case, the optical characteristic
setting unit 0022 sets the weight coefficient regulated by the
luminance elasticity three-dimensional weight coefficient
table 1201. The optical characteristic setting unit 0022 sets
the weight coefficients according to the luminance value of
the luminance volume data, the elasticity value of the elastic-
ity volume data, and the distance from the surface of a target
object. That is, the optical characteristic setting unit 0022 sets
the weight coefficients according to at least two voxel values
ofthe plurality of pieces of volume data and the distance from
the surface of the target object.

[0240] Theoptical characteristics according to the embodi-
ment are regulated by the weight coefficient set so that a
behavior (action) of light is replicated based on the optical
characteristics of a tissue and are set by the optical character-
istic setting unit 0022. The optical characteristic setting unit
0022 sets the luminance elasticity three-dimensional weight
coefficient table 1201 that includes the weight coefficients as
the optical characteristics of the luminance volume data and
the elasticity volume data. As illustrated in FIG. 28, two
weight coefficients a5 and b5 are referred to from the lumi-
nance elasticity three-dimensional weight coefficient table
1201 based on the three indexes, the luminance value of the
luminance volume data, the elasticity value of the elasticity
volume data, and the distance from the surface of a target
object. The weight coefficient a5 is a weight coefficient hav-
ing an influence on (multiplied to) the input light source data
and the weight coefficient b5 is a weight coefficient having an
influence on (multiplied to) the two-dimensional convolution
integrated data. In this case, a behavior of light in the lumi-
nance volume data and a behavior of light in the elasticity
volume data can be simply set by adjusting the magnitudes of
the weight coefficients a5 and b5.

[0241] A weighted sum of the two-dimensional convolu-
tion integrated data and the input light source data based on
the weight coefficients a5 and b5 are output to the illumina-
tion volume data storage unit 0401. By setting the sum value
of the weight coefficients a5 and b5 to be large, it is possible
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to set reinforced illumination. By setting the sum value of the
weight coefficients a5 and b5 to be small, it is possible to set
weak illumination. In the case of ultrasonic data, luminance
reflecting acoustic impedance of a tissue can be useful infor-
mation reflecting the characteristics of a biological tissue.
Luminance in ultrasonic data reflects the amplitude of a
reflected wave obtained by reflecting a radiated ultrasonic
wave from a diffusing body, and thus is normally attenuated
with propagation of the ultrasonic wave in a deep portion.
Thus, in regard to the ultrasonic data, it is difficult to classify
tissues based on only the luminance. Accordingly, by adding
a distance from the body surface of a target object (or the
surface of a tissue) as an index, it is possible to classify tissues
in regard to the ultrasonic data.

[0242] For example, when a target object is a breast con-
taining a tumor part and an ultrasonic wave arriving at the
tumor via a fatty layer is considered, it is known that lumi-
nance is relatively high in a mammary gland interposed
between the fatty layer and the tumor and luminance of the
ultrasonic wave is low in the tumor and the fatty layer.
Accordingly, when only the luminance is used as an index, it
is difficult to distinguish the tumor from the fatty layer in
some cases. Accordingly, a distance from a body surface of a
target object is added as an index. Further, an elasticity value
is low in a tumor part and an elasticity value is considered to
be an index of a malignant tumor. However, a hard region is
measured artificially due to pressure against to an object in
measurement of an elasticity value in some cases. For
example, since no strain occurs in a region to which pressures
are not transferred in a deep part of an object, a hard region is
determined to be present artificially in some cases. Thus,
when only elasticity is used as an index, it is difficult to
distinguish a tumor in some cases. Accordingly, a distance
from the body surface of a target object is added as an index.
By setting the weight coefficients a5 and b5 of the luminance
elasticity three-dimensional weight coefficient table 1201 for
which volume data satisfying conditions that a luminance
value is low, an elasticity value is low, and a distance from a
body surface is equal to or less than a constant value are
volume data corresponding to a tumor, it is possible to reflect
optical characteristics of a tumor part. That is, by setting the
weight coefficients a5 and b5 using the luminance elasticity
three-dimensional weight coefficient table 1201 which are
based on three indexes of luminance, elasticity, and a dis-
tance, a behavior of light can be expressed so that a tissue is
distinguished. In a volume rendering method, it is possible to
obtain an image (three-dimensionalimage) of which reality is
improved. For example, an optical effect of a tumor is not
given to an artificial hard region (a region mistaken for a
tumor).

[0243] The illumination calculation unit 0023 repeatedly
performs the foregoing illumination calculation process
while switching coordinates to be referred to by the weighting
addition unit 0404 from the illumination calculation start
position (the plane 0304) to the illumination calculation end
position (the plane 0305) and switching the corresponding
luminance and elasticity values. The illumination calculation
unit 0023 selects one piece of volume data from two pieces of
volume data (the luminance volume data and the elasticity
volume data) for respective coordinates of the volume data,
calculates illumination of a position according to the coordi-
nates based on the optical characteristics (or the weight coef-
ficients) of the selected volume data, and generates the illu-
mination volume data based on the calculated illumination.
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[0244] Theillumination calculation unit 0023 performs the
calculation up to the illumination calculation end position to
generate illumination volume data in which all of the illumi-
nation corresponding to voxel coordinates on the volume data
are calculated, and then stores the illumination volume data in
the illumination volume data storage unit 0401.

[0245] The behavior characteristics of light differ depend-
ing on a wavelength of a light source according to the law of
nature. Accordingly, when the reality is further improved in
conformity to the law of nature, the illumination calculation is
performed for each wavelength of the light source. In this
case, the weight coefficients differ for each wavelength of the
light source.

[0246] The light source information setting unit 0021 sets
the light source data according to a plurality of wavelengths of
the light source. The optical characteristic setting unit 0022
sets the weight coeflicients for each of the plurality of wave-
lengths.

[0247] Theillumination calculation unit 0023 performs the
illumination calculation for each of the plurality of wave-
lengths of the light source 0302 to generate the illumination
volume data. For example, when the light source 0302 is 7
colors of the visible light, the illumination calculation umt
0023 sets 7 kinds of weight coefficients (or two-dimensional
weight coefficient tables) and generates 7 kinds of pieces of
illumination volume data. When the light source 0302 is the
three primary colors of additive color mixture, the illumina-
tion calculation unit 0023 sets three sets of weight coefficients
(or three kinds of two-dimensional weight coefficient tables)
corresponding to wavelengths ofthe R, G, and B components
and generates three kinds of pieces of illumination volume
data. That is, the light source information setting unit 0021
sets the light source data according to the plurality of wave-
lengths of the light source, the optical characteristic setting
unit 0022 sets the weight coeflicient for each of the plurality
of wavelengths, and the illumination calculation unit 0023
generates the illumination volume data for each of the plural-
ity of wavelengths.

[0248] In the embodiment, a case will be described in
which the light source 0302 is the three primary colors of
additive color mixture, three sets of weight coefficients (or
three kinds of two-dimensional weight coefficient tables) are
set, and three kinds of pieces of illumination volume data are
generated. An initial value of the light source data is set for
each wavelength of the light source 0302. That is, the same
number of initial values of the light source data as the number
of effective wavelengths is set by the light source information
setting unit 0021. Accordingly, in the embodiment, three
kinds of pieces of light source data corresponding to the
wavelengths of the R, G, and B components are set and are
each retained as independent input light source data by the
light source data retention unit 0402. The initial values of the
three kinds of pieces of light source data may be initial values
selected via the operation unit 0004 by an operator or may be
initial values set using an image.

[0249] The illumination calculation unit 0023 calculates
the illumination disposed on the luminance volume data
based on the three kinds of light source data and three kinds of
optical characteristics (the weight coefficient or two-dimen-
sional weight coefficient table) and generates three kinds of
pieces of illumination volume data.

[0250] The projection processing unit 0018 generates a
three-dimensional image based on opacity referred to by the
illumination of the illumination volume data and the voxel
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value of the volume data (the luminance value of the lumi-
nance volume data or the elasticity value of the elasticity
volume data). When the light source 0302 is the three primary
colors, the projection processing unit 0018 generates the
three-dimensional image from the three kinds of pieces of
illumination volume data generated by the illumination cal-
culation unit 0023, the luminance volume data stored in the
luminance volume data storage unit 0015, and the elasticity
volume data stored in the elasticity volume data storage unit
1035. A projection process in the projection processing unit
0018 is performed based on illumination (voxel value), opac-
ity ai], and gradient values S[i] in illumination volume data
L_tk],L_g[k], and L_b[k] of the respective wavelengths (the
R, G, and B components), as shown in equations (7) to (9)
below, to generate the three-dimensional image. That is, the
three-dimensional image is generated by multiplying voxel
values in illumination volume data I_r[k], L_g[k], and L_b
[k] of the respective wavelengths by opacity terms obtained
by opacity afi] and values of gradient values S[i] and per-
forming summation in a visual line direction. In the equa-
tions, “k” indicates voxel coordinates in the visual line direc-
tion. The visual line direction is set as a direction in which an
ultrasonic image is observed via the control unit 0003 by the
operation unit 0004.

[0251] Here, the opacity a[i] and the gradient value S[i] are
preferably set from the opacity referred to by either of the
luminance volume data or the elasticity volume data and the
gradient value of either of the luminance gradient volume
data or the elasticity gradient volume data which are selected
based on a threshold value of at least one of the luminance
value and the elasticity value. The opacity a[i] and the gra-
dient value S[i] are set for each voxel. For example, based on
the threshold value of the luminance value in an i-th voxel in
the visual line direction, the opacity a[i] referred to by the
luminance volume data and the gradient value S[i] of the
luminance gradient volume data are set. Further, based on the
threshold value of the elasticity value in an i-th voxel in the
visual line direction, the opacity a[i] referred to by the elas-
ticity volume data and the gradient value S[i] of the elasticity
gradient volume data are set.

OUT?R[K]ZEJ‘ZO:k((Lir[k]'S[k])'(I[k]'HmZO:k’l(I—Q
[m]) %)
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[0252] The three-dimensional image generated by the
three-dimensional image processing unit 0016 is disposed on
the same screen as an arbitrary cross-sectional image by the
image combination unit 0017 and is displayed by the display
unit 0009.

[0253] Inthe embodiment, the ultrasonic diagnostic device
0001 includes the gradient calculation units 0019 and 1039,
but may also exclude the gradient calculation units 0019 and
1039. In this case, the terms of gradient values S[k] in equa-
tions (7) to (9) are excluded from equations (7) to (9) (or are
treated as “1.0”) so that these terms do not contribute to the
three-dimensional image to be generated.

[0254] Next, the characteristics of the three-dimensional
image according to the embodiment will be described with
reference to FIG. 29. A three-dimensional image 1315 in FIG.
29 is a three-dimensional image constructed according to a
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method according to the embodiment. As illustrated in FIG.
29, an optical effect of a normal tissue is given to a normal
tissue part 1316 on the three-dimensional image 1315 and an
optical effect of a tumor is given to a tumor 1317. Thus, in the
volume rendering method, it is possible to obtain a natural
image of which reality is improved. A three-dimensional
image 1320 is an example of a general three-dimensional
image in which the method according to the embodiment is
not used. When the three-dimensional image 1311 generated
using the method according to the embodiment is compared
to the three-dimensional image 1320, the three-dimensional
image 1311 can be known to be a stereoscopic and realistic
three-dimensional image compared to the three-dimensional
image 1320. Accordingly, by using the method according to
the embodiment, it is possible to obtain a natural image of
which reality is improved in a volume rendering method.
[0255] FIG. 30 is a diagram illustrating a display example
of the display unit 0009 according to the embodiment. As
illustrated in FIG. 30, the display unit 0009 displays three
orthogonal cross-sectional surfaces 1401, 1402, and 1403 of
which planes are orthogonal to each other and a three-dimen-
sional image 1404. The three-dimensional image 1404 gen-
erated by the three-dimensional image processing unit 0016
is disposed on the same screen as the three orthogonal cross-
sectional surfaces (or arbitrary cross-sectional images) 1401,
1402, and 1403 by the image combination unit 0017 to be
displayed. Since the three-dimensional image 1404 can be
observed with reference to the orthogonal cross-sectional
surfaces (or the arbitrary cross-sectional images) 1401, 1402,
and 1403, it is possible to improve inspection precision and
efficiency.

Fourth Embodiment

[0256] A fourth embodiment is a modification example of
the second embodiment. Hereinafter, an ultrasonic diagnostic
device 0001 according to the fourth embodiment will be
described mainly focusing on differences from the second
embodiment with reference to the drawings. FIG. 31 is a
block diagram illustrating an example of the three-dimen-
sional image processing unit 0016 which is characteristics of
the embodiment. As illustrated in FIG. 31, the three-dimen-
sional image processing unit 0016 corresponds to the three-
dimensional image processing unit 0016 in the ultrasonic
diagnostic device 0001 according to the second embodiment
in FIG. 15.

[0257] As illustrated in FIG. 31, the three-dimensional
image processing unit 0016 includes a color tone conversion
unit 0024 in addition to a light source information setting unit
0021, an optical characteristic setting unit 0022, and an illu-
mination calculation unit 0023. The color tone conversion
unit 0024 converts a color tone of the illumination volume
data based on at least one of the luminance volume data, the
blood flow volume data (including blood flow rate volume
data, blood flow amplitude volume data, and blood flow dis-
persion volume data), and the elasticity volume data. The
blood flow dispersion volume data includes blood flow rate
dispersion volume data and blood flow amplitude dispersion
volume data. In the fourth embodiment, the color tone con-
version unit 0024 converts the color tone of the illumination
volume data based on at least one of the luminance volume
data, the blood flow rate volume data, the blood flow ampli-
tude volume data, and the blood flow dispersion volume data.
The color tone conversion unit 0024 refers to the luminance
volume data from the luminance volume data storage unit
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0015. The color tone conversion unit 0024 refers to at least
one of blood flow volume data (blood flow rate volume data)
regarding a blood flow rate in the blood flow data, blood flow
volume data (blood flow amplitude volume data) regarding a
blood flow amplitude in the blood flow data, and blood flow
volume data (blood flow dispersion volume data) regarding a
blood flow rate dispersion in the blood flow data from the
blood flow volume data storage unit 0035, performs the color
tone conversion on the illumination volume data output from
the illumination calculation unit 0023, and outputs the pro-
cessed illumination volume data.

[0258] Theillumination calculation unit 0023 performs the
illumination calculation for each of the plurality of wave-
lengths of the light source 0302 to generate the illumination
volume data. In this case, the color tone conversion unit 0024
may perform the color tone conversion on the illumination
volume data for each of the plurality of wavelengths of the
light source 0302 by converting the value of the illumination
volume data generated for each of the plurality of wave-
lengths of the light source 0302 and output the processed
illumination volume data. For example, when the light source
0302 is retained with the three primary colors of additive
color mixture (that is, the RGB color system), three pieces of
illumination volume data of R (red), G (green), and B (blue)
components can be obtained by the illumination calculation
unit 0023. Thus, the color tone conversion unit 0024 performs
the color tone conversion by converting the value of the
illumination volume data with reference to at least one of the
luminance volume data, the blood flow rate volume data, the
blood flow amplitude volume data, and the blood flow dis-
persion volume data. The value of the illumination volume
data is converted into a predetermined value through
exchange (including replacement) of the value of each com-
ponent (RGB) or addition and subtraction or multiplication
and division of a predetermined value of a specific component
(component arbitrarily selected from RGB) to perform the
color tone conversion.

[0259] Next, a case will be described in which the color
tone conversion unit 0024 performs the color tone conversion
on the illumination volume data based on at least one of the
luminance volume data, the blood flow rate volume data, and
the blood flow amplitude volume data. The color tone con-
version unit 0024 inputs three pieces of illumination volume
data of the R, G, and B components from the illumination
calculation unit 0023, inputs the luminance volume data from
the luminance volume data storage unit 0015, and inputs the
blood flow rate volume data and the blood flow amplitude
volume data from the blood flow volume data storage unit
0035. The color tone conversion unit 0024 inputs a predeter-
mined threshold value from the control unit 0003 and deter-
mines whether the illumination at the respective coordinates
in the illumination volume data indicates a blood flow or a
tissue, as in the illumination calculation unit 0023. For
example, the color tone conversion unit 0024 compares the
luminance value (voxel value) of the luminance volume data
to the luminance threshold value c1. When the luminance
value (voxel value) of the luminance volume data exceeds the
luminance threshold value ¢1, the color tone conversion unit
0024 determines that the illumination indicates a tissue.
When the luminance value (voxel value) of the luminance
volume data is less than the luminance threshold value c1, the
color tone conversion unit 0024 determines that the illumina-
tion indicates the blood flow. The color tone conversion unit
0024 compares the blood flow amplitude value (voxel value)
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of the blood flow amplitude volume data to the blood flow
amplitude threshold value ¢2. When the blood flow amplitude
value (voxel value) of the blood flow amplitude volume data
exceeds the blood flow amplitude threshold value ¢2, the
color tone conversion unit 0024 determines that the illumina-
tion indicates the blood flow. When the blood flow amplitude
value (voxel value) of the blood flow amplitude volume data
is less than the blood flow amplitude threshold value ¢2, the
color tone conversion unit 0024 determines that the illumina-
tion indicates a tissue. The color tone conversion unit 0024
compares the blood flow rate value (voxel value) of the blood
flow rate volume data to the blood flow rate threshold value
¢3. When the blood flow rate value (voxel value) of the blood
flow rate volume data exceeds the blood flow rate threshold
value c3, the color tone conversion unit 0024 determines that
the illumination indicates the blood flow. When the blood
flow rate value (voxel value) of the blood flow rate volume
data is less than the blood flow rate threshold value ¢3, the
color tone conversion unit 0024 determines that the illumina-
tion indicates a tissue. The color tone conversion unit 0024
may combine the threshold values c1, ¢2, and ¢3 to determine
ablood flow and a tissue.

[0260] The color tone conversion unit 0024 converts the
color tone by exchanging the values of the illumination of at
least two pieces of illumination volume data among a plural-
ity of pieces of illumination volume data. For example, when
predetermined coordinates are determined to be the blood
flow, the color tone conversion unit 0024 refers to the blood
flow rate volume data at the coordinates. When a blood flow
rate value (voxel value) is negative, the color tone conversion
is performed by exchanging an illumination value (voxel
value) of the illumination volume data of the R component
and an illumination value (voxel value) of the illumination
volume data of the B component. In this way, by exchanging
the components according to a direction of the blood flow
(positive or negative blood flow rate value), it is possible to
give blood flow direction information while maintaining the
optical effect calculated by the illumination calculation umt
0023. It is possible to obtain a three-dimensional image of
which visibility is excellent and reality and diagnosability are
improved.

[0261] FIG. 32 is a schematic diagram illustrating an effect
of the exchange of the value of each component (RGB) by the
color tone conversion unit 0024. A three-dimensional image
1700 in FI1G. 32 is a three-dimensional image according to the
second embodiment and a three-dimensional image 1710 is a
three-dimensional image according to the fourth embodi-
ment. When a blood flow 1701 in the three-dimensional
image 1700 is in a negative opposite direction to a blood flow
1702, the color tone conversion is performed by the color tone
conversion unit 0024 in the fourth embodiment. For example,
ablood flow 1712 is displayed with a red color (R component)
and a blood flow 1711 is displayed with a blue color (B
component). That is, when the color tone conversion unit
0024 performs the color tone conversion, the blood flow 1711
and the blood flow 1712 are displayed with different colors
according to the direction of the blood flow (positive or nega-
tive blood flow rate value), and thus visibility can be excellent
and the diagnosability can be improved.

[0262] The color tone conversion unit 0024 performs the
color tone conversion on the value of the illumination of at
least one piece of illumination volume data among the plu-
rality of pieces of illumination volume data by performing at
least one of addition, subtraction, multiplication, and division
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of a predetermined value. For example, when predetermined
coordinates are determined to indicate a blood flow, the color
tone conversion unit 0024 refers to the blood flow dispersion
volume data at the coordinates. When the blood flow rate
dispersion value exceeds a predetermined threshold value, the
illumination value (voxel value) of the illumination volume
data of the G component is multiplied by a coefficient pro-
portional to the magnitude of the blood flow rate dispersion
value (voxel value) of the blood flow dispersion volume data.
In this way, by multiplying the specific component (G com-
ponent) by the predetermined coefficient according to the
blood flow rate dispersion value for emphasis, it is possible to
provide dispersion information of the blood flow rate, while
maintaining the optical effect calculated by the illumination
calculation unit 0023. It is possible to obtain a three-dimen-
sional image of which visibility is excellent and reality and
diagnosability are improved.

[0263] FIG. 33 is a schematic diagram illustrating an effect
obtained by multiplying the component by the coefficient by
the color tone conversion unit 0024, The three-dimensional
image 1700 in FIG. 33 is a three-dimensional image accord-
ing to the second embodiment and a three-dimensional image
1810 is a three-dimensional image according to the fourth
embodiment. When blood flow rate dispersion values of front
parts of blood flows 1701 and 1811 are considerably high and
exceed a predetermined threshold value, the color tone con-
version is performed by the color tone conversion unit 0024 in
the fourth embodiment. For example, a blood flow 1812 to
which the dispersion information of the blood flow rate is
reflected can be displayed on the blood flow 1811 of the
three-dimensional image 1810. That is, when the color tone
conversion unit 0024 performs the color tone conversion, the
blood flow 1811 and the blood flow 1812 are displayed with
different colors according to the blood flow rate dispersion
value, and thus visibility can be excellent and the diagnos-
ability can be improved.

Fifth Embodiment

[0264] A fifthembodiment is a modification example of the
third embodiment. Hereinafter, an ultrasonic diagnostic
device 0001 according to the fifth embodiment of the present
invention will be described mainly focusing on differences
from the third embodiment with reference to the drawings.
FIG. 34 is a block diagram illustrating an example of the
three-dimensional image processing unit 0016 which is char-
acteristics of the embodiment. As illustrated in FIG. 34, the
three-dimensional image processing unit 0016 corresponds
to the three-dimensional image processing unit 0016 in the
ultrasonic diagnostic device 0001 according to the third
embodiment in FIG. 24.

[0265] As illustrated in FIG. 34, the three-dimensional
image processing unit 0016 includes a color tone conversion
unit 0024 in addition to a light source information setting unit
0021, an optical characteristic setting unit 0022, and an illu-
mination calculation unit 0023. The color tone conversion
unit 0024 converts a color tone of the illumination volume
data based on at least one of the luminance volume data, the
blood flow volume data (including blood flow rate volume
data, blood flow amplitude volume data, and blood flow dis-
persion volume data), and the elasticity volume data. The
blood flow dispersion volume data includes blood flow rate
dispersion volume data and blood flow amplitude dispersion
volume data. In the fifth embodiment, the color tone conver-
sion unit 0024 refers to the luminance volume data from the
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luminance volume data storage unit 0015. The color tone
conversion unit 0024 refers to the elasticity volume data from
the elasticity volume data storage unit 1035. The color tone
conversion unit 0024 performs the color tone conversion on
the illumination volume data output from the illumination
calculation unit 0023 using at least one of the luminance
volume data and the elasticity volume data and outputs the
processed illumination volume data.

[0266] Theillumination calculation unit 0023 performs the
illumination calculation for each of the plurality of wave-
lengths of the light source 0302 to generate the illumination
volume data. In this case, the color tone conversion unit 0024
may perform the color tone conversion on the illumination
volume data for each of the plurality of wavelengths of the
light source 0302 by converting the value of the illumination
volume data generated for each of the plurality of wave-
lengths of the light source 0302 and output the processed
illumination volume data. For example, when the light source
0302 is retained with the three primary colors of additive
color mixture (that is, the RGB color system), three pieces of
illumination volume data of R (red), G (green), and B (blue)
components can be obtained by the illumination calculation
unit 0023. Thus, the color tone conversion unit 0024 performs
the color tone conversion by converting the value of the
illumination volume data with reference to at least one of the
luminance volume data and the elasticity volume data. The
value of the illumination volume data is converted into a
predetermined value through exchange (including replace-
ment) of the value of each component (RGB) or addition and
subtraction or multiplication and division of a predetermined
value ofa specific component (component arbitrarily selected
from RGB) to perform the color tone conversion.

[0267] Next, a case will be described in which the color
tone conversion unit 0024 performs the color tone conversion
on the illumination volume data based on the luminance
volume data and the elasticity volume data. The color tone
conversion unit 0024 inputs three pieces of illumination vol-
ume dataoftheR, G, and B components from the illumination
calculation unit 0023, inputs the luminance volume data from
the luminance volume data storage unit 0015, and inputs the
elasticity volume data from the elasticity volume data storage
unit 1035. The color tone conversion unit 0024 inputs a pre-
determined threshold value from the control unit 0003 and
determines whether the illumination at the respective coordi-
nates in the illumination volume data indicates a hard tissue,
as in the illumination calculation unit 0023. For example, the
color tone conversion unit 0024 compares an elasticity value
(voxel value) of the elasticity volume data to the elasticity
threshold value d2 to determine whether a tissue is a hard
tissue. When the color tone conversion unit 0024 determines
that the elasticity value (voxel value) indicates the hard tissue,
the color tone conversion unit 0024 can also further classify
the hardness of the tissue based on the elasticity threshold
value d3 different from the elasticity threshold value d2.

[0268] For example, when the corresponding coordinates
indicate a region having specific hardness discriminated by
the elasticity threshold value d3, the color tone conversion
unit 0024 performs the color tone conversion by exchanging
an illumination value (voxel value) of the illumination vol-
ume data ofthe R component and an illumination value (voxel
value) of the illumination volume data of the B component at
the corresponding coordinates. In this way, by exchanging the
components according to the hardness ofa tissue (whether the
elasticity value exceeds the elasticity threshold value), it is



US 2016/0030007 A1l

possible to give tissue hardness information while maintain-
ing the optical effect calculated by the illumination calcula-
tion unit 0023. Tt is possible to obtain a three-dimensional
image of which visibility is excellent and reality and diagnos-
ability are improved.

[0269] FIG. 35 is a schematic diagram illustrating an effect
of the exchange of the value of each component (RGB) by the
color tone conversion unit 0024. A three-dimensional image
1900 in F1G. 35 is a three-dimensional image according to the
third embodiment and a three-dimensional image 1910 is a
three-dimensional image according to the fifth embodiment.
When a tumor tissue 1902 in a tumor tissue 1901 of the
three-dimensional image 1900 is particularly soft (when the
elasticity value of the tumor tissue 1902 exceeds a predeter-
mined elasticity threshold value or the elasticity value of the
tumor tissue 1902 does not exceed the predetermined thresh-
old value), the color tone conversion is performed by the color
tone conversion umt 0024 in the fifth embodiment. For
example, as illustrated in the three-dimensional image 1910,
a tumor tissue 1911 is displayed with a blue color (B compo-
nent) and a particular soft tumor tissue 1912 is displayed with
a red color (R component). Further, when the tumor tissue
1902 in the tumor tissue 1901 of the three-dimensional image
1900 is particularly hard (when the elasticity value of the
tumor tissue 1902 does not exceed the predetermined elastic-
ity threshold value or the elasticity value of the tumor tissue
1902 exceeds the predetermined threshold value), the color
tone conversion is performed by the color tone conversion
unit 0024 in the fifth embodiment. For example, as illustrated
in the three-dimensional image 1910, the tumor tissue 1911 is
displayed with a blue color (B component) and the particu-
larly hard tumor tissue 1912 is displayed with a red color (R
component). That is, when the color tone conversion unit
0024 performs the color tone conversion, the soft tissue is
displayed with a different color from the hard tissue accord-
ing to the hardness of the tissue, and thus visibility can be
excellent and the diagnosability can be improved.

[0270] The color tone conversion unit 0024 performs the
color tone conversion on the value of the illumination of at
least one piece of illumination volume data among the plu-
rality of pieces of illumination volume data by performing at
least one of addition, subtraction, multiplication, and division
of a predetermined value. For example, when predetermined
coordinates are determined to indicate a tissue, the color tone
conversionunit 0024 refers to the elasticity volume data at the
corresponding coordinates. When the elasticity value exceeds
(or does not exceed) a predetermined threshold value, the
illumination value (voxel value) of the illumination volume
data of the G component is multiplied by a coefficient pro-
portional to the magnitude of the elasticity value (voxel value)
of the elasticity volume data. In this way, by multiplying the
specific component (G component) according to the elasticity
value for emphasis, it is possible to provide tissue elasticity
information, while maintaining the optical effect calculated
by the illumination calculation unit 0023. It is possible to
obtain a three-dimensional image of which visibility is excel-
lent and reality and diagnosability are improved.

[0271] The embodiments have been described, but the
present invention is not limited thereto and can be altered and
modified within the scope described in the claims.

[0272] FIG. 36 is a diagram illustrating a modification
example of the weight coefficient table according to the
embodiment. As illustrated in FIG. 36, instead of the lumi-
nance elasticity three-dimensional weight coefficient table
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1201, a luminance elasticity two-dimensional weight coeffi-
cient table 1501 may be used in the weighting addition unit
0404. The luminance elasticity two-dimensional weight coef-
ficient table 1501 is a two-dimensional table which includes
weight coefficients (weight coefficients based on a luminance
value and an elasticity value) set by the control unit 0003 and
is used to refer to the weight coeflicients in which aluminance
value 1502 of the luminance volume data and an elasticity
value 1503 of the elasticity volume data are stored as two
indexes two-dimensionally. That is, the weight coefficients
are regulated by the luminance elasticity two-dimensional
weight coefficient table 1501 in which the luminance value of
the luminance volume data and the elasticity value of the
elasticity volume data are set as indexes. In this case, the
optical characteristic setting unit 0022 sets the weight coef-
ficients regulated by the luminance elasticity two-dimen-
sional weight coefficient table 1501. The optical characteris-
tic setting unit 0022 sets the weight coefficients according to
the luminance value of the luminance volume data and the
elasticity value of the elasticity volume data. That is, the
optical characteristic setting unit 0022 sets the weight coef-
ficients according to at least two voxel values of the plurality
of pieces of volume data.

[0273] The optical characteristics in the embodiment are
regulated by the weight coefficients set so that a behavior
(action) of light is replicated based on the optical character-
istics of a tissue, and are set by the optical characteristic
setting unit 0022. The optical characteristic setting unit 0022
sets the luminance elasticity two-dimensional weight coeffi-
cient table 1501 which includes the weight coefficients as the
optical characteristics of the luminance volume data and the
elasticity volume data. As illustrated in FIG. 36, two weight
coefficients a6 and b6 are referred to from the luminance
elasticity two-dimensional weight coefficient table 1501
based on the two indexes, the luminance value of the lumi-
nance volume data and the elasticity value of the elasticity
volume data. The weight coefficient a6 is a weight coefficient
having an influence on (multiplied to) the input light source
data and the weight coefficient b6 is a weight coefficient
having an influence on (multiplied to) the two-dimensional
convolution integrated data. In this case, a behavior of light in
the luminance volume data and a behavior of light in the
elasticity volume data can be simply set by adjusting the
magnitudes of the weight coefficients a6 and b6.

[0274] FIG. 37 is a diagram illustrating a modification
example of the weight coefficient table according to the
embodiment. As illustrated in FIG. 37(a), a luminance two-
dimensional weight coefficient table 1601 is a two-dimen-
sional table which includes a weight coefficient (a weight
coefficient based on a luminance value) set by the control umt
0003 and is used to refer to the weight coefficients in which a
luminance value 1602 of the luminance volume data and a
distance 1603 from a body surface (or the surface of a tissue)
are stored as two indexes two-dimensionally. As illustrated in
FIG. 37(b), an elasticity two-dimensional weight coefficient
table 1604 is a two-dimensional table which includes a weight
coefficient (a weight coefficient based on an elasticity value)
set by the control unit 0003 and is used to refer to the weight
coefficients in which an elasticity value 1605 of the elasticity
volume data and a distance 1606 from a body surface (or the
surface of a tissue) are stored as two indexes two-dimension-
ally. That is, the weight coefficients are regulated by the
luminance two-dimensional weight coefficient table 1601 in
which the luminance value of the luminance volume data and
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the distance from the surface of a target object are set as
indexes and the elasticity two-dimensional weight coefficient
table 1604 in which the elasticity value of the elasticity vol-
ume data and the distance from the surface of a target object
are set as indexes. In this case, the optical characteristic
setting unit 0022 sets the weight coefficients regulated by the
luminance two-dimensional weight coefficient table 1601
and the elasticity two-dimensional weight coefficient table
1604. The optical characteristic setting unit 0022 sets the
weight coefficients according to the luminance value of the
luminance volume data and the distance from the surface ofa
target object. The optical characteristic setting unit 0022 sets
the weight coefficients according to the elasticity value of the
elasticity volume data and the distance from the surface of a
target object. That is, the optical characteristic setting unit
0022 sets the weight coefficients according to at least one
voxel value of the plurality of pieces of volume data and the
distance from the surface of the target object.

[0275] The optical characteristics in the embodiment are
regulated by the weight coefficients set so that a behavior
(action) of light is replicated based on the optical character-
istics of a tissue, and are set by the optical characteristic
setting unit 0022. The optical characteristic setting unit 0022
sets the luminance two-dimensional weight coefficient table
1601 which includes the weight coefficients as the optical
characteristics of the elasticity volume data and the elasticity
two-dimensional weight coefficient table 1604 which
includes the weight coefficients as the optical characteristics
of the elasticity volume data.

[0276] As illustrated in FIG. 37(a), two weight coefficients
a7 and b7 are referred to from the luminance two-dimensional
weight coefficient table 1601 based on the two indexes, the
luminance value of the luminance volume data and the dis-
tance from a body surface (or the surface of a tissue). As
illustrated in FIG. 37(5), two weight coefficients a8 and b8 are
referred to from the elasticity two-dimensional weight coef-
ficient table 1604 based on the two indexes, the elasticity
value of the elasticity volume data and the distance from a
body surface (or the surface of a tissue). In the embodiment,
a case will be described in which either of the luminance
two-dimensional weight coefficient table 1601 or the elastic-
ity two-dimensional weight coefficient table 1604 is selected
by a threshold value. For example, either of the luminance
two-dimensional weight coefficient table 1601 or the elastic-
ity two-dimensional weight coefficient table 1604 is selected
based on the luminance threshold value d1 by comparing the
luminance threshold value d1 to the luminance value corre-
sponding to coordinates to be referred to.

[0277] The weight coefficients a7 and a8 are weight coef-
ficients having an influence on (multiplied to) the input light
source data and the weight coefficients b7 and b8 are weight
coefficients having an influence on (multiplied to) the two-
dimensional convolution integrated data. When the lumi-
nance two-dimensional weight coefficient table 1601 is
selected by the luminance threshold value dl, the weight
coefficients a7 and b7 referred to from the luminance two-
dimensional weight coefficient table 1601 are multiplied to
the input light source data and the two-dimensional convolu-
tion integrated data. In this case, a behavior (the degree of
diffusion or the like) of light in the luminance volume data can
be simply set by adjusting the magnitudes of the weight
coefficients a7 and b7. When the elasticity two-dimensional
weight coefficient table 1604 is selected by the luminance
threshold value d1, the weight coefficients a8 and b8 referred
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to from the elasticity two-dimensional weight coefficient
table 1604 are multiplied to the input light source data and the
two-dimensional convolution integrated data. In this case, a
behavior of light in the elasticity volume data can be simply
set by adjusting the magnitudes of the weight coefficients a8
and b8.

[0278] A relation between the luminance volume data and
the elasticity volume data can be adjusted by adjusting the
luminance threshold value d1. For example, when the lumi-
nance value of the luminance volume data corresponding to
coordinates to be referred to is equal to or greater than the
luminance threshold value d1, the weight coefficient at the
coordinates is referred to from the luminance two-dimen-
sional weight coefficient table 1601. When the luminance
value of the luminance volume data corresponding to the
coordinates to be referred to is less than the luminance thresh-
old value dl, the weight coefficient at the coordinates is
referred to from the elasticity two-dimensional weight coef-
ficient table 1604. As a result, the relation between the lumi-
nance volume data and the elasticity volume data (the relation
between the luminance two-dimensional weight coefficient
table 1601 and the elasticity two-dimensional weight coeffi-
cient table 1604) can be adjusted by the luminance threshold
value d1.

[0279] Either of the luminance two-dimensional weight
coefficient table 1601 or the elasticity two-dimensional
weight coefficient table 1604 may be selected based on the
elasticity threshold value d2 instead of the luminance thresh-
old value d1 by comparing the elasticity threshold value d2 to
the elasticity value corresponding to the coordinates to be
referred to. For example, when the elasticity value of the
elasticity volume data corresponding to coordinates to be
referred to is equal to or greater than the elasticity threshold
value d2, the weight coefficient at the coordinates is referred
to from the elasticity two-dimensional weight coefficient
table 1604. When the elasticity value of the elasticity volume
data corresponding to the coordinates to be referred to is less
than the elasticity threshold value d2, the weight coefficient at
the coordinates is referred to from the luminance two-dimen-
sional weight coefficient table 1601. As a result, the relation
between the luminance volume data and the elasticity volume
data (the relation between the luminance two-dimensional
weight coefficient table 1601 and the elasticity two-dimen-
sional weight coefficient table 1604) can be adjusted by the
elasticity threshold value d2.

[0280] The luminance threshold value d1 and the elasticity
threshold value d2 may be combined and either of the lumi-
nance two-dimensional weight coefficient table 1601 or the
elasticity two-dimensional weight coefficient table 1604 may
be selected. Either of the luminance two-dimensional weight
coefficient table 1601 or the elasticity two-dimensional
weight coefficient table 1604 may be selected by the plurality
of luminance threshold values d1 or the plurality of elasticity
threshold values d2. A new weight coefficient may be calcu-
lated by calculating an average or a weighted average of the
weight coefficients of the luminance two-dimensional weight
coefficient table 1601 and the elasticity two-dimensional
weight coefficient table 1604.

[0281] FIG. 38 is a block diagram illustrating a modifica-
tion example of the embodiment. FIG. 39 is a conceptual
diagram illustrating illumination calculation according to the
modification example of the embodiment. As illustrated in
FIGS. 38 and 39, unlike the second embodiment, the three-
dimensional image processing unit 0016 inputs the lumi-
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nance volume data from the luminance volume data storage
unit 0015 and does not input the blood flow volume data from
the blood flow volume data storage unit 0035. The three-
dimensional image processing unit 0016 generates illumina-
tion volume data using the luminance volume data stored in
the luminance volume data storage unit 0015 and does not
generate the illumination volume data using the blood flow
volume data stored in the blood flow volume data storage unit
0035. The blood flow volume data is subjected to a projection
process by the projection processing unit 0018 without
change.

[0282] The optical characteristic setting unit 0022 sets the
weight coefficient indicating the optical characteristics of the
luminance volume data in regard to the light source. The
illumination calculation unit 0023 calculates the illumination
of the position corresponding to coordinates of the luminance
volume data based on the light source data and the weight
coefficient and generates the illumination volume data based
on the calculated illumination. The projection processing unit
0018 generates a three-dimensional image from a value of a
color palette referred to from a blood flow value of the blood
flow volume data and the illumination volume data.

[0283] The projection processing unit 0018 generates a
three-dimensional image based on opacity to bereferred to by
the illumination of the illumination volume data and the value
of the volume data (the luminance value of the luminance
volume data or the blood flow value of the blood flow volume
data) and a value of a color palette to be referred to from the
blood flow value of the blood flow data. When the light source
0302 is the three primary colors, the projection processing
unit 0018 generates the three-dimensional image from the
three kinds of pieces of illumination volume data generated
by the illumination calculation unit 0023, the luminance vol-
ume data stored in the luminance volume data storage unit
0015, and the blood flow volume data stored in the blood flow
volume data storage unit 0035. A projection process in the
projection processing unit 0018 is performed based on RGB
values (r[k], g[k], and b[k]) for each voxel, opacity a[i], and
gradient values S[i], as shown in equations (10) to (12) below,
to generate the three-dimensional image. Here, the RGB val-
ues (r[k], g[k], and b[k]) for each voxel are values substituted
with reference to either of the voxel values in the illumination
volume data T_r[k], L_g[k], and L_b[k] of the respective
wavelengths or the values (RGB values) ofthe color palette to
be referred to from the blood flow value of the blood flow
volume data. A three-dimensional image is generated by mul-
tiplying the RGB values (r[k], g[k], and b[k]) for each voxel,
the opacity terms obtained by opacity afi], and the value of
the gradient values S[i] and performing accumulating in a
visual line direction. In the equations, “k” indicates voxel
coordinates in the visual line direction. The visual line direc-
tion is set as a direction in which an ultrasonic image is
observed via the control unit 0003 by the operation unit 0004.

[0284] Here, the RGB values (r[k], g[k], and b[k]) for each
voxel, the opacity afi], and the gradient values S[i] are pref-
erably set based on a threshold value (for example, the lumi-
nancethreshold value c1 or the blood flow threshold value c2)
from the opacity referred to by either of the luminance vol-
ume data or the blood flow volume data and the gradient value
of either of the luminance gradient volume data or the blood
flow gradient volume data. The opacity ai] and the gradient
value S[i] are set for each voxel. For example, when the
luminance value of the luminance volume data corresponding
to coordinates to be referred to in an i-th voxel in the visual
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line direction is equal to or greater than the luminance thresh-
old value cl, the opacity a[i] referred to by the luminance
volume data and the gradient value S[i] of the luminance
gradient volume data are set. Further, when the blood flow
value of the blood flow volume data corresponding to coor-
dinates to be referred to in an i-th voxel in the visual line
direction is equal to or greater than the blood flow threshold
value ¢2, the opacity a[i] referred to by the blood flow volume
data and the gradient value S[i] of the blood flow gradient
volume data are set.

OUT_R[K]J=S" (r fk]-Sfk])a k] T (1=
(7)) a0

OUT_G[K]=S%((gk]-Sfk])-a[k] TI" 0% (1t
[m]) (1)

OUT_B[K]=S%((b fk]-Sfk])-a[k] TI"=0%1 (1-0,
[]) -

[0285] The three-dimensional image generated by the pro-
Jjection processing unit 0018 is disposed on the same screen as
an arbitrary cross-sectional image by the image combination
unit 0017 and is displayed by the display unit 0009. In this
way, by superimposing the colors of the color palette to be
referred to from the blood flow value of the blood flow volume
data on a real three-dimensional image to which a behavior of
light is added, it is possible to generate a three-dimensional
image from which real shape information and functional
information (blood flow information) can be simultaneously
observed, thereby improving thus precision of ultrasonic
inspection.

[0286] FIG. 40 is a block diagram illustrating a modifica-
tion example of the embodiment. FIG. 41 is a conceptual
diagram illustrating illumination calculation according to the
modification example of the embodiment. As illustrated in
FIGS. 40 and 41, unlike the third embodiment, the three-
dimensional image processing unit 0016 inputs the lumi-
nance volume data from the luminance volume data storage
unit 0015 and does not input the elasticity volume data from
the elasticity volume data storage unit 1035. The three-di-
mensional image processing unit 0016 generates illumination
volume data using the luminance volume data stored in the
luminance volume data storage unit 0015 and does not gen-
erate the illumination volume data using the elasticity volume
data stored in the elasticity volume data storage unit 1035.
The elasticity volume data is subjected to a projection process
by the projection processing unit 0018 without change. The
optical characteristic setting unit 0022 sets the weight coef-
ficient indicating the optical characteristics of the luminance
volume data in regard to the light source. The illumination
calculation unit 0023 calculates the illumination of the posi-
tion corresponding to coordinates of the luminance volume
data based on the light source data and the weight coefficient
and generates the illumination volume data based on the
calculated illumination. The projection processing unit 0018
generates a three-dimensional image from a value of a color
palette referred to from an elasticity value of the elasticity
volume data and the illumination volume data.

[0287] The projection processing unit 0018 generates a
three-dimensional image based on opacity to be referred to by
the illumination of the illumination volume data and the value
of the volume data (the luminance value of the luminance
volume data or the elasticity value of the elasticity volume
data) and a value of a color palette to be referred to from the
elasticity value of the elasticity volume data. When the light
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source 0302 is the three primary colors, the projection pro-
cessing unit 0018 generates the three-dimensional image
from the three kinds of pieces of illumination volume data
generated by the illumination calculation unit 0023, the lumi-
nance volume data stored in the luminance volume data stor-
age unit 0015, and the elasticity volume data stored in the
elasticity volume data storage unit 1035. A projection process
in the projection processing unit 0018 is performed based on
RGB values (r[k], g[k], and b[k]) for each voxel, opacity a[i],
and gradient values S[i], as shown in equations (13) to (15)
below, to generate the three-dimensional image. Here, the
RGB values (r[k], g[k], and b[k]) for each voxel are values
substituted with reference to either of the voxel values in the
illumination volume data I_r[k], L_g[k], and I_b[k] of the
respective wavelengths or the values (RGB values) of the
color palette to be referred to from the elasticity value of the
elasticity volume data. A three-dimensional image is gener-
ated by multiplying the RGB values (r[k], g[k], and b[k]) for
each voxel, the opacity terms obtained by opacity a[i], and
the value of the gradient values S[i] and performing accumu-
lating in a visual line direction. In the equations, “k” indicates
voxel coordinates in the visual line direction. The visual line
direction is set as a direction in which an ultrasonic image is
observed via the control unit 0003 by the operation unit 0004.

[0288] Here, the RGB values (1[k], g[k], and b[k]) for each
voxel, the opacity afi], and the gradient values S[i] are pref-
erably set based on a threshold value (for example, the lumi-
nance threshold value d1 or the elasticity threshold value d2)
from the opacity referred to by either of the luminance vol-
ume data or the elasticity volume data and the gradient value
of either of the luminance gradient volume data or the elas-
ticity gradient volume data. The opacity a[i] and the gradient
value S[i] are set for each voxel. For example, when the
luminance value of the luminance volume data corresponding
to coordinates to be referred to in an i-th voxel in the visual
line direction is equal to or greater than the luminance thresh-
old value d1, the opacity ofi] referred to by the luminance
volume data and the gradient value S[i] of the luminance
gradient volume data are set. Further, when the elasticity
value of the elasticity volume data corresponding to coordi-
nates to be referred to in an i-th voxel in the visual line
direction is equal to or greater than the elasticity threshold
value d2, the opacity a[i] referred to by the elasticity volume
data and the gradient value S[i] of the elasticity gradient
volume data are set.
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[0289] The three-dimensional image generated by the pro-
jection processing unit 0018 is disposed on the same screen as
an arbitrary cross-sectional image by the image combination
unit 0017 and is displayed by the display unit 0009.

[0290] Inthis way, by superimposing the colors of the color
palette to be referred to from the elasticity value of the elas-
ticity volume data on a real three-dimensional image to which
a behavior of light is added, it is possible to generate a three-
dimensional image from which real shape information and
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functional information (elasticity information) can be simul-
taneously observed, thereby improving thus precision of
ultrasonic inspection.

[0291] In the second embodiment, the volume data is the
luminance volume data and the blood flow volume data. In the
third embodiment, the volume data is the luminance volume
data and the elasticity volume data. However, the volume data
may be at least two pieces of volume data among the lumi-
nance volume data, the blood flow volume data, and the
elasticity volume data. In this case, the optical characteristic
setting unit 0022 may set the weight coefficients according to
at least one of the luminance volume data, the blood flow
volume data, and the elasticity volume data and the distance
from the surface of the target object. The optical characteristic
setting unit 0022 may set the weight coefficients according to
at least two pieces of volume data among the luminance
volume data, the blood flow volume data, and the elasticity
volume data. The optical characteristic setting unit 0022 may
set the weight coefficients according to at least one of the
luminance volume data, the blood flow volume data, and the
elasticity volume data and the distance from the surface ofthe
target object.

INDUSTRIAL APPLICABILITY

[0292] Thepresentinvention is useful as an ultrasonic diag-
nostic device and an ultrasonic three-dimensional image gen-
eration method that generate a three-dimensional image of
which reality is improved by expressing interaction by diffu-
sion, absorption, and the like of light in a tissue or between
different tissues.

REFERENCE SIGNS LIST

[0293] 0001 ultrasonic diagnostic device

[0294] 0002 ultrasonic probe

[0295] 0003 control unit

[0296] 0004 operation unit

[0297] 0005 transmission unit

[0298] 0006 reception unit

[0299] 0007 transmission and reception control unit

[0300] 0008 phasing addition unit

[0301] 0009 display unit

[0302] 0011 luminance information calculation unit

[0303] 0012 three-dimensional luminance data storage
unit

[0304] 0013, 0033, 1033 arbitrary cross-sectional image
generation unit

[0305] 0014, 0034, 1034 three-dimensional coordinate
conversion unit

[0306] 0015 luminance volume data storage unit

[0307] 0016 three-dimensional image processing unit

[0308] 0017 image combination unit

[0309] 0018 projection processing unit

[0310] 0019, 0039, 1039 gradient calculation unit

[0311] 0021 light source information setting unit

[0312] 0022 optical characteristic setting unit

[0313] 0023 illumination calculation unit

[0314] 0031 blood flow information calculation unit

[0315] 0032 three-dimensional blood flow data storage
unit

[0316] 0035 blood flow volume data storage unit

[0317] 0080 illumination correction unit

[0318] 0081 correction optical characteristic setting unit
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[0319] 0082 correction light source information setting
unit

[0320] 0401 illumination volume data storage unit

[0321] 0402 light source data retention unit

[0322] 0403 two-dimensional convolution processing
unit

[0323] 0404, 1001 weighting addition unit

[0324] 1002 correction illumination volume data storage
unit

[0325] 1031 elasticity information calculation unit

[0326] 1032 three-dimensional elasticity data storage
unit

[0327] 1035 elasticity volume data storage unit

1. An ultrasonic diagnostic device that displays a three-

dimensional image of a target object based on at least one
piece of volume data among luminance volume data, blood
flow volume data, and elasticity volume data, the ultrasonic
diagnostic device comprising:

a light source information setting unit configured to set
light source data indicating characteristics of a light
source set in a three-dimensional space;

an optical characteristic setting unit configured to set opti-
cal characteristics of the volume data in regard to the
light source;

an illumination calculation unit configured to calculate
illumination of a position according to coordinates of the
volume data based on the light source data and the opti-
cal characteristics and generates illumination volume
data based on the calculated illumination; and

a projection processing unit configured to generate the
three-dimensional image from the illumination volume
data.

2. The ultrasonic diagnostic device according to claim 1,

wherein the optical characteristic setting unit sets a weight
coefficient indicating the optical characteristics of the
volume data in regard to the light source, and

wherein the illumination calculation unit calculates the
illumination of the position according to the coordinates
of the volume data based on the light source data and the
weight coefficient and generates the illumination vol-
ume data based on the calculated illumination.

3. The ultrasonic diagnostic device according to claim 1,

wherein the volume data is at least two pieces of volume
data among luminance volume data, blood flow volume
data, and elasticity volume data, and

wherein the illumination calculation unit selects one piece
of volume data from between the two pieces of volume
data at respective coordinates of the volume data, calcu-
lates the illumination of the position according to the
coordinates based on the optical characteristics of the
selected volume data, and generates the illumination
volume data based on the calculated illumination.

4. The ultrasonic diagnostic device according to claim 1,

wherein the volume data is luminance volume data and
blood flow volume data, and

wherein the illumination calculation unit selects one piece
of volume data between the luminance volume data and
the blood flow volume data at respective coordinates of
the volume data, calculates the illumination of the posi-
tion according to the coordinates based on the optical
characteristics of the selected volume data, and gener-
ates the illumination volume data based on the calcu-
lated illumination.
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5. The ultrasonic diagnostic device according to claim 1,

wherein the volume data is luminance volume data and
elasticity volume data, and

wherein the illumination calculation unit selects one piece
of volume data between the luminance volume data and
the elasticity volume data at respective coordinates of
the volume data, calculates the illumination of the posi-
tion according to the coordinates based on the optical
characteristics of the selected volume data, and gener-
ates the illumination volume data based on the calcu-
lated illumination.

6. The ultrasonic diagnostic device according to claim 2,

wherein the optical characteristic setting unit sets the
weight coefficient according to at least one voxel value
of luminance volume data, blood flow volume data, and
elasticity volume data and a distance from a surface of
the target object.

7. The ultrasonic diagnostic device according to claim 2,

wherein the optical characteristic setting unit sets the
weight coefficient according to at least two voxel values
of luminance volume data, blood flow volume data, and
elasticity volume data.

8. The ultrasonic diagnostic device according to claim 2,

wherein the optical characteristic setting unit sets the
weight coefficient according to at least two voxel values
of luminance volume data, blood flow volume data, and
elasticity volume data and a distance from a surface of
the target object.

9. The ultrasonic diagnostic device according to claim 2,

wherein the weight coefficient is regulated in accordance
with a two-dimensional weight coeflicient table in
which at least one voxel value of luminance volume
data, blood flow volume data, and elasticity volume data
and a distance from a surface of the target object are set
as indexes.

10. The ultrasonic diagnostic device according to claim 2,

wherein the weight coefficient is regulated in accordance
with a luminance two-dimensional weight coefficient
table in which a luminance value of luminance volume
data and a distance from a surface of the target objectare
set as indexes and a blood flow two-dimensional weight
coefficient table in which a blood flow value of blood
flow volume data and a distance from the surface of the
target object are set as indexes, and

wherein the illumination calculation unit selects either of
the luminance two-dimensional weight coeflicient table
or the blood flow two-dimensional weight coefficient
table and calculates the illumination of the position
according to the coordinates ofthe volume data based on
the weight coefficient regulated in the selected lumi-
nance two-dimensional weight coefficient table and the
selected blood flow two-dimensional weight coefficient
table.

11. The ultrasonic diagnostic device according to claim 2,

wherein the weight coefficient is regulated in accordance
with a luminance two-dimensional weight coefficient
table in which a luminance value of luminance volume
data and a distance from a surface of the target objectare
set as indexes and an elasticity two-dimensional weight
coefficient table in which a distance between an elastic-
ity value of elasticity volume data and the surface of the
target object is set as an index, and

wherein the illumination calculation unit selects either of
the luminance two-dimensional weight coeflicient table
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or the elasticity two-dimensional weight coefficient
table and calculates the illumination of the position
according to the coordinates of the volume data based on
the weight coefficient regulated in the selected lumi-
nance two-dimensional weight coefficient table and the
selected elasticity two-dimensional weight coefficient
table.

12. The ultrasonic diagnostic device according to claim 1,

wherein the optical characteristic setting unit sets a weight
coefficient indicating the optical characteristics of the
luminance volume data in regard to the light source,

wherein the illumination calculation unit calculates the
illumination of the position according to coordinates of
the luminance volume data based on the light source data
and the weight coefficient and generates the illumination
volume data based on the calculated illumination, and

wherein the projection processing unit generates a three-
dimensional image from the illumination volume data
and a value of a color palette referred to from a blood
flow value of the blood flow volume data.

13. The ultrasonic diagnostic device according to claim 1,

wherein the optical characteristic setting unit sets a weight
coefficient indicating the optical characteristics of the
luminance volume data in regard to the light source,

wherein the illumination calculation unit calculates the
illumination of the position according to coordinates of
the luminance volume data based on the light source data
and the weight coefficient and generates the illumination
volume data based on the calculated illumination, and

wherein the projection processing unit generates a three-
dimensional image from the illumination volume data
and a value of a color palette referred to from an elas-
ticity value of the elasticity volume data.

14. The ultrasonic diagnostic device according to claim 1,

further comprising:

a color tone conversion unit configured to convert a color

tone of the illumination volume data based on at least
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one of the luminance volume data, the blood flow vol-
ume data, and the elasticity volume data.

15. The ultrasonic diagnostic device according to claim 14,

wherein the illumination calculation unit generates a plu-

rality of pieces of illumination volume data for each ofa
plurality of wavelengths of the light source, and
wherein the color tone conversion unit converts the color
tone by exchanging values of the illumination of at least
two pieces of the illumination volume data among the
plurality of pieces of illumination volume data.
16. The ultrasonic diagnostic device according to claim 14,
wherein the illumination calculation unit generates a plu-
rality of pieces of the illumination volume data for each
of a plurality of wavelengths of the light source, and

wherein the color tone conversion unit converts the color
tone by performing at least one of addition, subtraction,
multiplication, and division of a predetermined value on
a value of the illumination of at least one piece of the
illumination volume data among the plurality of pieces
of illumination volume data.

17. An ultrasonic three-dimensional image generation
method of displaying a three-dimensional image of a target
object based on at least one piece of volume data among
luminance volume data, blood flow volume data, and elastic-
ity volume data, the ultrasonic three-dimensional image gen-
eration method comprising:

setting light source data indicating characteristics of a light

source set in a three-dimensional space;

setting a weight coefficient indicating optical characteris-

tics of the volume data in regard to the light source;
calculating illumination of a position according to coordi-
nates of the volume data based on the light source data
and the weight coefficient and generating illumination
volume data based on the calculated illumination; and
generating the three-dimensional image from the illumina-
tion volume data.
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