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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND THREE-DIMENSIONAL
IMAGE CREATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nostic apparatus, and particularly, to an ultrasound diagnostic
apparatus that generates a three-dimensional projection
image from intensity volume data of an ultrasonic wave.

BACKGROUND ART

[0002] An ultrasound diagnostic apparatus sends an ultra-
sonic wave to the inside of a diagnosing object by an ultra-
sound probe, receives a reflected echo signal which corre-
sponds to a structure of a biological tissue from the inside of
the diagnosing object, and forms a multi-planar reconstruc-
tion (B-mode) image, e.g., an ultrasonic multi-planar recon-
struction (B-mode) image (B-mode image), or the like, to be
displayed for a diagnosis.

[0003] In order to collect three-dimensional ultrasonic
data, in the typical technique, three-dimensional data
obtained by scanning a probe automatically or manually in a
short axis direction is subject to coordinate conversion, there-
after ultrasonic image data is reconfigured in a visual line
direction, and a three-dimensional image is created, thereby a
surface of an object is observed.

Also, the recent typical technique is a technique called real-
time 3D or4D, in which signal processing described above is
performed in real time, and a moving three-dimensional
image is displayed.

[0004] These three-dimensional images are excellent at the
delineation ability of a surface shape, and are useful in diag-
nosis of a disease about a fissure on the skin (a labial fissure,
a palatal fissure or the like), which is conventionally difficult
to diagnose from an ultrasound multi-planar reconstruction
(B-mode) image displaying a single cross section region.
[0005] However, an ultrasound image has many artifacts
unique to ultrasonic waves, such as specklenoises. Therefore,
the image quality is improved by a smoothing process, but the
smoothing process, as an opposite effect, makes a border
continuous so that the fissure on the skin is continuously
displayed.

[0006] As a method for solving this problem, of image
processing apparatuses capable of a three-dimensional image
display, there is an image processing apparatus that conducts
both of the structure grasp and surface shape extraction for an
inspection object and that can obtain a composition three-
dimensional image with a good image quality (see Patent
Literature 1, for example).

CITATION LIST

Patent Literature

[0007] Patent Literature 1: JP-A-2006-130071

SUMMARY OF INVENTION

Technical Problem

[0008] However, in the conventional ultrasound diagnostic
apparatus (image processing apparatus), although it is pos-
sible to obtain a good image quality by conducting both ofthe
structure grasp and surface shape extraction for an inspection
object, it is impossible to set a light source in a volume
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rendering method and to obtain an image in which reality is
improved by a shade and the like, unlike an optical photo-
graph.

[0009] The present invention has been made for solving the
conventional problems, and an object thereof is to provide an
ultrasound diagnostic apparatus to create a three-dimensional
image that expresses the behavior of light (leakage, absorp-
tion, scattering, reflection, or the like) in a tissue, and thereby
reproduces a shade at a back portion of a tissue and a local
shadeappearing at a fissure on the skin, to express the shading
effect due to the leakage, absorption or others of light.

Solution to Problem

[0010] Anultrasound diagnostic apparatus according to the
present invention is an ultrasound diagnostic apparatus to
display a three-dimensional image of an object based on
intensity volume data, and includes: a light source informa-
tion setting unit configured to set light source data indicating
a property of a light source that is set in a three-dimensional
space; an optical property setting unit configured to set a
weight coefficient indicating an optical property of the inten-
sity volume data with respect to the light source; an illumi-
nance calculation unit configured to calculate an illuminance
at a position corresponding to a coordinate of the intensity
volume data, based on the optical data and the weight coef-
ficient, and to create illuminance volume data based on the
calculated illuminance; and a volume rendering unit config-
ured to create the three-dimensional image from the intensity
volume data and the illuminance volume data.

[0011] According to this configuration, it is possible to
provide an ultrasound diagnostic apparatus to create a three-
dimensional image that expresses the shading effect due to
the leakage, absorption or others of light.

Advantageous Effects of Invention

[0012] In the present invention, the illuminance at a posi-
tion corresponding to a coordinate of intensity volume data is
calculated based on optical data and a weight coefficient, and
illuminance volume data are created based on the calculated
illuminance. Thereby, it is possible to create a three-dimen-
sional image that expresses the shading effect due to the
leakage, absorption or others of light.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1isablock diagram illustrating an example of
an ultrasound diagnostic apparatus according to a present
embodiment.

[0014] FIG. 2 is a block diagram illustrating an example of
a three-dimensional image processing unit.

[0015] FIG. 3 is a conceptual diagram schematically illus-
trating intensity volume data and a positional relation of a
light source.

[0016] FIG. 4isablock diagram illustrating an example of
a configuration of an illuminance calculation unit.

[0017] FIG. 5 is a diagram illustrating an example of a
two-dimensional weight coefficient table that specifies a
weight coefficient.

[0018] FIG. 61is a diagram for explaining characteristics of
a three-dimensional image according to the present embodi-
ment.

[0019] FIG. 7is a diagram illustrating a display example in
the present embodiment.
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[0020] FIG. 8is a block diagram illustrating a three-dimen-
sional image processing unit according to a modification
example of the present embodiment.

[0021] FIG. 9 is a diagram showing a conceptual diagram
of an illuminance calculation according to the modification
example of the present embodiment.

[0022] FIG.10is ablock diagramillustrating an example of
the configuration of an illuminance correction unit.

[0023] FIG. 11 is a block diagram illustrating a two-dimen-
sional convolution processing unit according to another
modification example of the present embodiment.

[0024] FIG. 12 is a diagram for showing that a display unit
displays a color map.

[0025] FIG. 13 is a diagram illustrating an example of the
selection method of the color map.

[0026] FIG. 14 is a diagram illustrating another example of
the selection method of the color map.

DESCRIPTION OF EMBODIMENT

[0027] Hereinafter, descriptions will be given of an ultra-
sound diagnostic apparatus of the present invention, using the
drawings. FIG. 1 is a block diagram illustrating an example of
an ultrasound diagnostic apparatus according to a present
embodiment. As illustrated in FIG. 1, an ultrasound diagnos-
tic apparatus 0001 includes a control unit 0003, an operation
unit 0004, a sending unit 0005, a receiving unit 0006, a
sending/receiving control unit 0007, a beamformer unit 0008,
a display unit 0009, a multi-planar reconstruction (B-mode)
region information calculation unit 0011, a three-dimen-
sional data storage unit 0012, an arbitrary multi-planar recon-
struction (B-mode) image creation unit 0013, a three-dimen-
sional coordinate transformation unit 0014, a volume data
storage unit 0015, a three-dimensional image processing unit
0016, an image composition unit 0017, a volume rendering
unit 0018, and a gradient calculation unit 0019 and the ultra-
sound diagnostic apparatus 0001 displays a three-dimen-
sional image of an object based on luminance volume data.
Also, the ultrasound diagnostic apparatus 0001 is connected
to an ultrasonic probe 0002.

[0028] The ultrasonic probe 0002 is used with being in
contact with a diagnosing object 0010. The ultrasonic probe
0002 is formed of a plurality of transducers arranged therein,
and has a function of sending/receiving an ultrasonic wave
to/from the diagnosing object 0010 via the transducers. The
ultrasonic probe 0002 is formed of the plurality of transducers
having a rectangular shape or a fan-like shape, mechanically
sweeps or manually moves the transducers in a direction
perpendicular to an arrangement direction of the plurality of
transducers, and thereby three-dimensionally sending/receiv-
ing of an ultrasonic wave is allowed. The ultrasonic probe
0002 may be an ultrasonic probe which has a plurality of
transducers two-dimensionally arranged therein and can con-
trol sending/receiving of an ultrasonic wave electrically.
[0029] The control unit 0003 controls the respective com-
ponents of the ultrasound diagnostic apparatus 0001 and the
ultrasonic probe 0002. The operation unit 0004 conducts
various inputs to the control unit 0003. The operation unit
0004 includes a keyboard, a trackball etc.

[0030] The sending unit 0005 makes the ultrasonic probe
0002 send an ultrasonic wave to the diagnosing object 0010
repeatedly at fixed time intervals. The sending unit 0005
drives the transducers of the ultrasonic probe 0002 to generate
an emission pulse for generating an ultrasonic wave. The
sending unit 0005 has a function of setting a convergence
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point of the sent ultrasonic waves at a certain depth. The
receiving unit 0006 receives a reflection echo signal reflected
from the diagnosing object 0010. The receiving unit 0006
amplifies a reflection echo signal received by the ultrasonic
probe 0002 at a predetermined gain to generate an RF signal,
i.e., areceipt signal. The sending/receiving control unit 0007
controls the sending unit 0005 and the receiving unit 0006.
[0031] The beamformer unit 0008 conducts phasing addi-
tion of the reflection echo received by the receiving unit 0006.
The beamformer unit 0008 controls the phase ofthe RF signal
amplified by the receiving unit 0006, forms an ultrasonic
beam for one or plural convergence points, and generates RF
signal frame data (corresponding to RAW data). The multi-
planar reconstruction (B-mode) region information calcula-
tion unit 0011 forms a multi-planar reconstruction (B-mode)
image based on the RF signal frame data generated by the
beamformer unit 0008. The three-dimensional data storage
unit 0012 stores a plurality of the multi-planar reconstruction
(B-mode) images formed by the multi-planar reconstruction
(B-mode) region information calculation unit 0011.

[0032] The arbitrary multi-planar reconstruction (B-mode)
image creation unit 0013 creates an arbitrary multi-planar
reconstruction (B-mode) image based on the acquired shapes
of the multi-planar reconstruction (B-mode) images. The
three-dimensional coordinate transformation unit 0014 con-
ducts three-dimensional coordinate transformation based on
the acquired shapes of the multi-planar reconstruction
(B-mode) images, generates luminance volume data, and
stores the luminance volume data in the volume data storage
unit 0015. The three-dimensional image processing unit 0016
creates illuminance volume data with use of the luminance
volume data stored in the volume data storage unit 0015.
[0033] The gradient calculation unit 0019 creates gradient
volume data with use of the luminance volume data stored in
the volume data storage unit 0015. The volume rendering unit
0018 conducts rendering processing with use of the illumi-
nance volume data, the luminance volume data and the gra-
dient volume data to generate a three-dimensional image.
Also, the volume rendering unit 0018 may create a three-
dimensional image from the luminance volume data and the
illuminance volume data. The image composition unit 0017
composes the three-dimensional image generated by the vol-
ume rendering unit 0018 and the arbitrary multi-planar recon-
struction (B-mode) image created by the arbitrary multi-pla-
nar reconstruction (B-mode) image creation unit 0013. The
display unit 0009 displays an image for display created by the
image composition unit 0017.

[0034] Next, description will be given of processing of
three-dimensional data. At the same time of sending/receiv-
ing of an ultrasonic wave, the ultrasonic probe 0002 switches
a sending/receiving direction two-dimensionally, thereby the
ultrasonic probe 0002 can conduct measurement, for
example, along two axes, that is, and Based on the set condi-
tion in the control unit 0003, the multi-planar reconstruction
(B-mode) region information calculation unit 0011 receives
the RF signal frame data output by the beamformer unit 0008,
conducts signal processing such as gain correction, log com-
pression, wave detection, contour emphasis, and smoothing
processing, and forms two-dimensional multi-planar recon-
struction (B-mode) region data.

[0035] The three-dimensional data storage unit 0012 has a
function of storing a plurality of the two-dimensional multi-
planar reconstruction (B-mode) region data, which is data
output by the multi-planar reconstruction (B-mode) region
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information calculation unit 0011, based on the sending/re-
ceiving direction corresponding to an acquisition point. For
example, a plurality of two-dimensional multi-planar recon-
struction (B-mode) images created based on the measurement
result of sending/receiving time series ultrasonic data, which
has been subject to sampling in a depth direction, in the
direction are obtained by driving in the direction perpendicu-
lar to the direction, and a plurality of two-dimensional multi-
planar reconstruction (B-mode) region data associated with
are stored as three-dimensional multi-planar reconstruction
(B-mode) region data.

[0036] With use of the three-dimensional multi-planar
reconstruction (B-mode) region data stored in the three-di-
mensional data storage unit 0012, the three-dimensional
coordinate transformation unit 0014 conducts three-dimen-
sional coordinate transformation to a coordinate in a space
based on the acquisition point (depth,), generates luminance
volume data, and stores the generated luminance volume data
in the volume data storage unit 0015.

[0037] With use of the three-dimensional multi-planar
reconstruction (B-mode) region data stored in the three-di-
mensional data storage unit 0012, the arbitrary multi-planar
reconstruction (B-mode) image creation unit 0013 creates an
arbitrary multi-planar reconstruction (B-mode) image on an
arbitrary plane in the three-dimensional space set by the con-
trol unit 0003 and the operation unit 0004, based on the
acquisition point (depth,).

[0038] The three-dimensional image processing unit 0016
creates illuminance volume data based on the luminance vol-
ume data stored in the volume data storage unit 0015. The
gradient calculation unit 0019 creates volume data in which
gradients in a visual line direction at respective voxel coordi-
nates are calculated, based on the luminance volume data
stored in the volume data storage unit 0015.

[0039] Next, description will be given of processing of the
three-dimensional image processing unit 0016. The three-
dimensional image processing unit 0016 is a characteristic
processing unit of the ultrasound diagnostic apparatus 0001
according to the present embodiment, and creates the illumi-
nance volume data based on a light source in the three-dimen-
sional space set by the control unit 0003 and the operation unit
0004, with use of the luminance volume data stored in the
volume data storage unit 0015.

[0040] FIG. 2 is a block diagram illustrating an example of
the three-dimensional image processing unit 0016. As illus-
trated in FIG. 2, the three-dimensional image processing unit
0016 includes a light source information setting unit 0021, an
optical property setting unit 0022, and an illuminance calcu-
lation unit 0023. The ultrasound diagnostic apparatus 0001
according to the present embodiment is an ultrasound diag-
nostic apparatus 0001 to display a three-dimensional image
of an object based on the luminance volume data, and
includes: a light source information setting unit 0021 to set
light source data indicating the property of the light source
that is set in the three-dimensional space; an optical property
setting unit 0022 to set a weight coefficient indicating the
optical property of the luminance volume data with respect to
the light source; an illuminance calculation unit 0023 to cal-
culate the illuminance at a position corresponding to a coor-
dinate ofthe luminance volume data, based on the optical data
and the weight coefficient, and to create the illuminance vol-
ume data based on the calculated illuminance; and a volume
rendering unit 0018 to create the three-dimensional image
from the luminance volume data and the illuminance volume
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data. Further, an ultrasound three-dimensional image cre-
ation method according to the present embodiment is an
ultrasound three-dimensional image creation method of dis-
playing the three-dimensional image of the object based on
the luminance volume data, and includes: setting the light
source data indicating the property of the light source that is
set in the three-dimensional space; setting the weight coeffi-
cient indicating the optical property of the luminance volume
data with respect to the light source; calculating the illumi-
nance at the position corresponding to the coordinate of the
luminance volume data, based on the optical data and the
weight coefficient, and creating the illuminance volume data
based on the calculated illuminance; and creating the three-
dimensional image from the luminance volume data and the
illuminance volume data.

[0041] The light source information setting unit 0021 sets
(generates) the light source data indicating the property of the
light source that is set in the three-dimensional space for the
three-dimensional image. For example, the light source infor-
mation setting unit 0021 sets the light source data indicating
intensity of the light source. The light source information
setting unit 0021 can set the light source data even by adjust-
ing at least one of the intensity of the light source, a position
of the light source in a three-dimensional space, a direction of
the light source, a color tone of the light source, and a shape
of the light source. The optical property setting unit 0022 sets
the optical property of the luminance volume data that are set
by the control unit 0003 and the operation unit 0004. The
optical property setting unit 0022 sets a weight coefficient
indicating the optical property of luminance volume data to
the light source. The illuminance calculation unit 0023 cal-
culates the illuminance to be arranged on the luminance vol-
ume data, based on the light source data set by the light source
information setting unit 0021 and the optical property set by
the optical property setting unit 0022, and creates the illumi-
nance volume data. That is, the illuminance calculation unit
0023 calculates the illuminance at a position corresponding to
a coordinate of the luminance volume data, based on the
optical data and the weight coefficient, and creates the illu-
minance volume data based on the calculated illuminance.

[0042] Next, description will be given of the light source
information to be set by the light source information setting
unit 0021, the optical property to be set by the optical property
setting unit 0022, and a creation method of the illuminance
volume data in the illuminance calculation unit 0023.

[0043] FIG. 3 is a conceptual diagram schematically illus-
trating the luminance volume data and a positional relation of
the light source. As shown in FIG. 3, by the control unit 0003
and the operation unit 0004, a light source (parallel light
source) 0302 is set in a light source direction 0303, for the
luminance volume data 0301 in the volume data storage umt
0015. The position of the light source 0302 in the three-
dimensional space, the light source direction 0303, and the
light source data are generated by the light source information
setting unit 0021.

[0044] A plane 0304 shows an illuminance calculation
starting position, which is a position of a plane on which the
luminance volume data 0301 intersect (contact) with an
orthogonal plane to the light source direction 0303 for the first
time. A plane 0305 shows an illuminance calculation ending
position, which is a position of a plane on which the lumi-
nance volume data 0301 intersect (contact) with an orthogo-
nal plane to the light source direction 0303 for the last time.
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[0045] The illuminance calculation unit 0023 conducts
illuminance calculation for a plane orthogonal to the light
source direction 0303 (an orthogonal plane to the light source
direction 0303). In FIG. 3, the illuminance calculation unit
0023 conducts the illuminance calculation in the range from
the plane 0304 to the plane 0305. For example, in the illumi-
nance calculation of a sample 0306 positioned in the light
source direction 0303, the illuminance calculation is con-
ducted for a plane 0307.

[0046] Next, description will be given of an example of the
configuration of the illuminance calculation unit 0023, using
FIG. 4. As illustrated in FIG. 4, the illuminance calculation
unit 0023 includes an illuminance volume data storage unit
0401, a light source data holding unit 0402, a two-dimen-
sional convolution processing unit 0403, and a weighted addi-
tion unit 0404. The illuminance calculation unit 0023
includes the two-dimensional convolution processing unit
0403 which conducts two-dimensional convolution of the
light source data, whereby generating two-dimensional con-
volution data, and the weighted addition unit 0404 which
conducts weighted addition to the light source data and the
two-dimensional convolution data based on the weight coef-
ficient, whereby creating the illuminance volume data.
[0047] The illuminance calculation unit 0023 includes the
light source data holding unit 0402 which holds, as input light
source data, an initial value of the light source data and a
result of the weighted addition by the weighted addition unit,
and the illuminance calculation unit 0023, while switching a
voxel luminance from the illuminance calculation starting
position to the illuminance calculation ending position in the
luminance volume data, conducts two-dimensional convolu-
tion of the input light source data, whereby generating two-
dimensional convolution data, and conducts weighted addi-
tion to the input light source data and the two-dimensional
convolution data based on the weight coefficient, whereby
creating the illuminance volume data.

[0048] The light source data holding unit 0402 receives the
light source data generated by the light source information
setting unit 0021, and holds them as the initial value. Here-
inafter, the light source data held by the light source data
holding unit 0402 are referred to as the “input light source
data”. The two-dimensional convolution processing unit
0403 conducts two-dimensional convolution of the input light
source data (light source data), whereby generating two-di-
mensional convolution data. The two-dimensional convolu-
tion process, which means the convolution on a two-dimen-
sional plane, is a two-dimensional convolution process of the
input light source data (light source data) and a convolution
kernel indicating a scattering property. For example, it is
conducted for the plane 0307. Further, the convolution kernel
is configured by a two-dimensional matrix, and is set by the
control unit.

[0049] The weighted addition unit 0404 receives two-di-
mensional convolution data which is an output result of the
two-dimensional convolution processing unit 0403, and
receives the input light source data held by the light source
data holding unit 0402. The weighted addition unit 0404
conducts weighted addition to the input light source data
(light source data) and the two-dimensional convolution data
based on the weight coefficient, whereby generating the illu-
minance volume data. The weight coefficient to be used by
the weighted addition unit 0404 is set by the optical property
setting unit 0022, as the optical property of the luminance
volume data with respect to the light source. Hereinafter, the
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weighted addition result to be created by the weighted addi-
tion unit 0404 is referred to as the “output illuminance data”.
[0050] The output illuminance data are stored in a position
corresponding to the voxel coordinate of the illuminance
volume data storage unit 0401. Furthermore, the output illu-
minance data is input to the light source data holding unit
0402, and is stored (held) as input light source data. Specifi-
cally, the light source data holding unit 0402 holds, as the
input light source data, the initial value of the light source data
and the result of weighted addition by the weighted addition
unit 0404.

[0051] Here, the initial value of the input light source data
is the light source data set by the light source information
setting unit 0021, and is input and set (held) in the light source
data holding unit 0402, before the illuminance calculation
unit 0023 starts the illuminance calculation.

[0052] The illuminance calculation unit 0023 (the two-di-
mensional convolution processing unit 0403 and the
weighted addition unit 0404) generates the two-dimensional
convolution data, by conducting the two-dimensional convo-
lution of the input light source data while switching the voxel
luminance from the illuminance calculation starting position
(the plane 0304) to the illuminance calculation ending posi-
tion (the plane 0305) in the luminance volume data, and
creates the illuminance volume data, by conducting the
weighted addition of the input light source data and the two-
dimensional convolution data based on the weight coefficient.
[0053] Next, description will be given of a method for
setting of a weight coefficient used by the weighted addition
unit 0404, using FIG. 5. As shown in FIG. 5, a two-dimen-
sional weight coefficient table 0501, which includes the
weight coefficient to be set by the control unit 0003, is a
two-dimensional table for referring to two-dimensionally
stored weight coefficients, using two indexes: the luminance
of the luminance volume data and the distance from a body
surface (or a tissue surface). That is, the weight coefficient is
specified by the two-dimensional weight coefficient table
0501 whose indexes are the luminance of the luminance
volume data and the distance from the surface ofthe object. In
this case, the optical property setting unit 0022 sets the weight
coefficient corresponding to the luminance of the luminance
volume data and the distance from the surface of the object.
[0054] The optical property in the present embodiment is
defined by a weight coefficient which is set so as to reproduce
the behavior (action) of light, and is set by the optical property
setting unit 0022, based on the optical property of the tissue.
The optical property setting unit 0022 sets the two-dimen-
sional weight coefficient table 0501 including weight coeffi-
cients, as the optical property of luminance volume data.
[0055] Description will be given of a case where there are
two weight coefficients: a and b, as the weight coeficient to
be referred to from the two-dimensional weight coefficient
table 0501, based on the two indexes: the luminance of the
luminance volume data and the distance from the body sur-
face (or the tissue surface), as shown in FIG. 5. If a weight
coefficient added to the input light source data is a and a
weight coefficient added to the two-dimensional convolution
data is b, adjustment of magnitude of a and b allows easy
setting of the behavior of light (degree of scattering, etc.).
[0056] Also, the weight coefficients a and b and an added
sum of the light source data and the two-dimensional convo-
lution data are output to the illuminance volume data storage
unit 0401. When a total value of the weight coefficients a and
b is set to be large, enhanced illuminance can be set, and when
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the total value of the weight coefficients a and b is set to be
small, attenuated illuminance can be set.

[0057] In the present embodiment, the two-dimensional
weight coefficient table 0501 includes the luminance and the
distance from the body surface (or the tissue surface), as two
reference indexes. In the case of ultrasonic data, the lumi-
nance mirroring the acoustic impedance of a tissue can be
useful information mirroring the property of a biological
tissue. The luminance in ultrasonic data mirrors the amplitude
of reflected waves that are obtained when radiated ultrasonic
waves are reflected from a scattering body, and ordinarily,
ultrasonic waves are attenuated as they are transmitted to a
deep part. Therefore, in ultrasonic data, it is difficult to dis-
tinguish tissues only by the luminance. Hence, the distance
from the body surface (or the tissue surface) of the object is
added asanindex. Thereby, it is possible to distinguish tissues
in ultrasonic data.

[0058] For example, suppose that the object is an unborn
child and ultrasonic waves reach an arm of the unborn child
through amniotic fluid. It is well known that the ultrasonic
waves reflected from the diaphysis (hard tissue) of the arm
have a high luminance. However, it is well known that,
although the surface of the arm is a soft tissue, the luminance
at a moment when they reach the surface of the arm is a high
luminance similarly to the diaphysis, because attenuation
does not occur. Thus, in the case where the index is only the
luminance, it is difficult to discriminate between the soft
tissue and the diaphysis (hard tissue). Hence, the distance
from the body surface of the object is added as an index. The
diaphysis is present in the interior of the tissue of the unborn
child, and therefore, by setting the property of the tissue with
use of both the distance from the body surface (or the tissue
surface) and the luminance, the discrimination of the tissue
becomes possible.

[0059] For example, in the case where the luminance for a
certain voxel is higher than a preset threshold, the judgment
that the distance from the body surface (or the tissue surface)
falls within the tissue is made, and a distance equivalent to one
voxel is added to the value of the distance from the body
surface (or the tissue surface). On the other hand, in the case
where the luminance for a certain voxel is lower than the
preset threshold, the judgment that it does not fall within the
tissue is made, and the value of the distance from the body
surface (or the tissue surface) for the voxel is initialized.
[0060] Since the distance from the body surface (or the
tissue surface) is used as the index of the weight coefficient, in
the case where a soft tissue with a high luminance is present
on the tissue surface and a diaphysis with a similar degree of
luminance to the soft tissue is present at a deep position
relative to the tissue surface, such as the case of the arm of the
unborn child, even if a similar degree of luminance, it is
possible to give optical effects that are different depending on
the tissue, by setting different weight coefficients correspond-
ing to the distance from the body surface (or the tissue sur-
face). That is, by discriminating between the soft tissue and
the diaphysis (hard tissue) and setting different weight coef-
ficients corresponding to the distance from the body surface
(or the tissue surface), it is possible to express the behavior of
light (leakage, absorption, scattering, reflection, or the like) in
the tissue while discriminating between the soft tissue and the
diaphysis (hard tissue), and to obtain an image in which
reality is improved in the volume rendering method. By using
a characteristic weight coefficient corresponding to the prop-
erty of the tissue, it is possible to give an appropriate optical
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effect, even in the case where it is difficult to specify the
property (or the type) of the tissue from only the luminance
value, such as the case of ultrasonic data.

[0061] Thus, without complicated calculation, a two-di-
mensional weight coefficient table reflecting properties of a
tissue is set, a behavior of light (degree of scattering, etc.) is
adjusted based on the two-dimensional weight coefficient
table, and thereby it is possible to give an optical effect in the
tissue easily and arbitrarily, and the three-dimensional image
in which reality is improved depending on a property of the
tissue (for example, hardness of the tissue) can be created.
[0062] While switching the voxel luminance referred to by
the weighted addition unit 0404 from the illuminance calcu-
lation starting position (the plane 0304) to the illuminance
calculation ending position (the plane 0305), the illuminance
calculation unit 0023 repeats the aforementioned illuminance
calculation processing.

[0063] Aftercalculation to the illuminance calculation end-
ing point is finished, the illuminance calculation unit 0023
creates the illuminance volume data in which illuminance to
be arranged on the luminance volume data is calculated, and
the illuminance volume data is stored in the illuminance
volume data storage unit 0401.

[0064] A behavior property of light varies depending on
wavelengths of a light source based on the law of nature.
Accordingly, if reality is to be improved based on the law of
nature, illuminance calculation is conducted for each wave-
length of the light source. In this case, a weight coefficient
varies for each wavelength of the light source.

[0065] The light source information setting unit 0021 sets
light source data corresponding to a plurality of wavelengths
of the light source. The optical property setting unit 0022 sets
a weight coefficient for each of the plurality of wavelengths.
[0066] The illuminance calculation unit 0023 conducts
illuminance calculation for each wavelength of the light
source 0302 to generate a plurality of illuminance volume
data each for the wavelength. For example, if the light source
0302 has seven colors of visible rays, the illuminance calcu-
lation unit 0023 sets seven types of weight coefficient (or
two-dimensional weight coefficient table) and generates
seven types of illuminance volume data. Furthermore, if the
light source 0302 has three primary colors of additive color
mixture, the illuminance calculation unit 0023 sets three
types of weight coefficient (or two-dimensional weight coef-
ficient table) corresponding to wavelengths of elements R, G,
B, and generates three types of illuminance volume data. That
is, the light source information setting unit 0021 sets the light
source data corresponding to the plurality of wavelengths of
the light source, the optical property setting unit 0022 sets the
weight coefficient for each of the plurality of wavelengths,
and the illuminance calculation unit 0023 creates the illumi-
nance volume data for each of the plurality of wavelengths.
[0067] In the present embodiment, description will be
given of a case where the light source 0302 has three primary
colors of additive color mixture, three types of weight coef-
ficient (or two-dimensional weight coefficient table) are set,
and three types of illuminance volume data are generated. The
initial value of the light source data is set for each of the
wavelengths of the light source 0302. That is, initial values of
the light source data whose number is the same as the number
of valid wavelengths are each set by the light source informa-
tion setting unit 0021. Therefore, in the present embodiment,
three types of light source data corresponding to the wave-
lengths of the R element. G element and B element are set,



US 2016/0038124 Al

and are held by the light source data holding unit 0402, as
input light source data that are independent of each other.
Further, the initial values of the three types of light source data
may be initial values to be selected through the operation unit
0004 by an operator, or may be initial values to be set with use
of an image.

[0068] Theilluminance calculationunit 0023 calculates the
illuminance to be arranged on the luminance volume data,
based on the three types of light source data and the three
types of optical properties (the weight coefficient or the two-
dimensional weight coefficient table), and creates the three
types of illuminance volume data.

[0069] The volume rendering unit 0018 creates a three-
dimensional image, based on the opacity to be referred to by
the illuminance of the illuminance volume data and the lumi-
nance of the luminance volume data. In the case where the
light source 0302 has the three primary colors, the volume
rendering unit 0018 creates the three-dimensional image,
from the three types of illuminance volume data created by
the illuminance calculation unit 0023 and the luminance vol-
ume data stored in the volume data storage unit 0015. As
shown in the following Equations (1) to (3), in the projection
process by the volume rendering unit 0018, the three-dimen-
sional image is generated based on the illuminance (voxel
value) of the illuminance volume data T_r[k],[_g[k], T_b[k]
for each of the wavelengths (R element, G element, B ele-
ment), the luminance (voxel value) C of the luminance vol-
ume data, an opacity table to be referred to by the luminance
C, and gradient volume data S[k]. That is, the voxel values of
the illuminance volume data I,_r[k], L_g[k], L_b[k] for each
of the wavelengths are multiplied by opacity terms, which are
obtained by the opacity table to be referred to by the lumi-
nance C of the luminance volume data, and the values of the
gradient volume data S[k], and are accumulated in the visual
line direction. Thereby, the three-dimensional image is gen-
erated. In the equations, “k” represents the voxel coordinate
in the visual line direction. The visual line direction is set as
a direction for observing an ultrasound image by the opera-
tion unit 0004 via the control unit 0003.

OUT_RKJ="""%(L_rkN[CHI " (1-[Cm]) oy
OUT_GK]="" " (L_gfkD[C )™ (1= [C[m]])) @
OUT_B/K]=" " (L_bDIC/AI™ " 1-[C/m]]) &)
[0070] The three-dimensional image created by the three-

dimensional image processing unit 0016 is arranged on the
same screen as an arbitrary multi-planar reconstruction
(B-mode) image by the image composition unit 0017, and is
displayed by the display unit 0009.

[0071] Here, in the present embodiment, the ultrasound
diagnostic apparatus 0001 includes the gradient calculation
unit 0019, but can exclude the gradient calculation unit 0019.
In this case, the term of the gradient volume data S[k] in
Equations (1) to (3) does not contribute to the three-dimen-
sional image to be created, because of being excluded from
Equations (1) to (3) (or, because of being dealt with as “1.0”).
[0072] Next, description will be given of a characteristic of
the three-dimensional image according to the present
embodiment, using FIG. 6. A three-dimensional image 0601
in FIG. 6 is a three-dimensional image configured by the
technique according to the present embodiment, and a three-
dimensional image 0602 is a three-dimensional image con-
figured by a general volume rendering technique, which is
typified by the Levoy technique. As shown in FIG. 6, the
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conventional three-dimensional image 0602 has a dark and
thin shade 0604 along the contour of the face of an unborn
child. On the other hand, in the three-dimensional image 0601
according to the present embodiment, a shade 0603 is empha-
sized relative to the contour of the face, and thereby the
contour emerges so that the border is clear. Further, in the
conventional three-dimensional image 0602, an inner canthus
of the unborn child is shown by a thin contour line 0606. On
the other hand, in the three-dimensional image 0601 accord-
ing to the present embodiment, the inner canthus of the
unborn child is displayed so as to be emphasized by a deep
shade 0605, and thereby, the border is clear. Thus, it is pos-
sible to obtain a natural image in which the border is clear by
the emphasis of the shade and in which reality is improved in
the volume rendering method.

[0073] FIG. 7 is a diagram illustrating a display example
according to the present embodiment. As shown in FIG. 7,
three cross sections 0701, 0702, 0703 whose respective
planes are orthogonal to each other, and a three-dimensional
image 0704 are concurrently displayed. Thus, the three-di-
mensional image created by the three-dimensional image
processing unit 0016 is arranged on the same screen as the
three orthogonal cross sections (or arbitrary multi-planar
reconstruction (B-mode) images) 0701, 0702, 0703, by the
image composition unit 0017, and is displayed by the display
unit 0009. By observing the surface with the three-dimen-
sional image while referring to the respective cross sections,
it is possible to improve the inspection accuracy and effi-
ciency.

[0074] Here, other than the display format in FIG. 7, it is
also possible that the superimposition between the conven-
tional three-dimensional image 0602 and the three-dimen-
sional image 0601 according to the present embodiment is
displayed. Also, it is possible that plural pieces of light source
information (light source data), plural pieces of visual line
information, and three-dimensional images at a plurality of
positions are concurrently displayed.

[0075] The present embodiment has been described so far,
but the present invention is not limited to the present embodi-
ment, and modification and change within the range set forth
in the claims are possible.

[0076] FIG. 8is a block diagram illustrating a modification
example of the present embodiment. FIG. 9 is a diagram
showing a conceptual diagram illustrating an illuminance
calculation according to the modification example of the
present embodiment. As shown in FIG. 8, the ultrasound
diagnostic apparatus 0001 may include an illuminance cor-
rection unit 0080, a corrected optical property setting unit
0081 and a corrected light source information setting unit
0082, at subsequent stages of the illuminance calculation unit
0023. The ultrasound diagnostic apparatus 0001 according to
the present embodiment includes: the corrected light source
information setting unit 0082 to set the opposite direction to
the visual line direction in the three-dimensional space, as a
corrected light source direction, and to set corrected light
source data indicating the property of a corrected light source
that emits light in the corrected light source direction; the
corrected optical property setting unit 0081 to set a weight
coefficient indicating the optical property of the luminance
volume data with respect to the corrected light source; and the
illuminance correction unit 0080 to calculate the illuminance
at a position corresponding to a coordinate of the luminance
volume data, based on the corrected light source data and the
weight coefficient, and to create corrected illuminance vol-
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ume data based on the calculated corrected illuminance, and
the volume rendering unit 0018 creates the three-dimensional
image from the luminance volume data and the corrected
illuminance volume data.

[0077] In the illuminance volume data by the illuminance
calculationunit 0023, the arrangement of the intensity of light
is calculated in the direction from the near side to the far side
with respect to the light source 0302. On the other hand,
according to the modification example shown in FIG. 8 and
FIG. 9, it is possible to add the resulting illuminance when
light is transmitted in the direction from the far side to the near
side with respect to a visual line direction 0901 of an observer,
to the illuminance to be observed from the viewpoint 0900 of
the observer.

[0078] The corrected light source information setting unit
0082 sets the corrected light source on the opposite side to the
viewpoint 0900, and sets the corrected light source direction
0902 to the opposite direction to the visual line direction
0901. That is, the corrected light source information setting
unit 0082 sets the opposite direction to the visual line direc-
tion 0901 in the three-dimensional space, as the corrected
light source direction 0902, and sets the corrected light source
data indicating the property of the corrected light source that
emits light in the corrected light source direction 0902.
[0079] Thecorrected optical property setting unit 0081 sets
the weight coefficient in the opposite direction to the visual
line direction 0901 (in the corrected light source direction
0902). That is, the corrected optical property setting unit 0081
sets the weight coefficient indicating the optical property of
the luminance volume data with respect to the corrected light
source.

[0080] The illuminance correction unit 0080 conducts illu-
minance correction calculation, in order to create the cor-
rected illuminance volume data in which the illuminance
volume data have been corrected, in the direction from the far
side to the near side with respect to the visual line direction.
That is, the illuminance correction unit 0080 calculates the
illuminance at a position corresponding to a coordinate of the
luminance volume data, based on the corrected light source
data and the weight coefficient, and creates the corrected
illuminance volume data based on the calculated corrected
illuminance.

[0081] As shown in FIG. 9, similarly to FIG. 3, the light
source 0302 and the light source direction 0303 are set for the
luminance volume data 0301. In the case where the visual line
direction 0901 is set in the creation of the illuminance volume
data, the corrected light source information setting unit 0082
sets the corrected light source on the opposite side of the
viewpoint 0900, and sets the corrected light source direction
0902 to the direction opposite to the visual line direction.
[0082] A plane 0904, which is at a position of a plane on
which the luminance volume data 0301 intersect (contact)
with an orthogonal plane to the corrected light source direc-
tion 0902 for the first time, is a plane containing the first voxel
in the corrected light source direction 0902, and shows an
illuminance calculation starting position. A plane 0905,
which is at a position of a plane on which the luminance
volume data 0301 intersect (contact) with an orthogonal
plane to the corrected light source direction 0902 for the last
time, is a plane containing the last voxel in the corrected light
source direction 0902, and shows an illuminance calculation
ending position.

[0083] The illuminance correction unit 0080 conducts the
illuminance correction for a plane orthogonal to the light
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source direction 0902. As shown in FIG. 9, the illuminance
correction unit 0080 conducts the illuminance correction in
the range from the plane 0904 to the plane 0905. For example,
in the illuminance correction of a sample 0906 positioned in
the corrected light source direction 0902, the illuminance
correction calculation is conducted for a plane 0903.

[0084] Next, description will be given of a configuration of
the illuminance correction unit 0080, using FIG. 10. As
shown in FIG. 10, the illuminance correction unit 0080
includes an addition unit 1001, a corrected illuminance vol-
ume data storage unit 1002, an illuminance volume data stor-
age unit 0401, a light source data holding unit 0402, a two-
dimensional convolution processing unit 0403, and a
weighted addition unit 0404. Components denoted by the
same reference number between FI1G. 4 and F1G. 10 have the
same function, unless a particular mention is made.

[0085] The illuminance correction unit 0080 includes: the
addition unit 1001 to add the corrected light source data and
the illuminance volume data; the two-dimensional convolu-
tion processing unit 0403 to generate two-dimensional con-
volution data, by conducting the two-dimensional convolu-
tion of the added value of the corrected light source data and
the illuminance volume data; and the weighted addition unit
0404 to create the corrected illuminance volume data, by
conducting the weighted addition of the corrected light
source data and the two-dimensional convolution data based
on the weight coefficient.

[0086] For the input light source data (corrected light
source data) stored in the light source data holding unit 0402,
the illuminance correction unit 0080 reads the output illumi-
nance data for the corresponding coordinate, from the illumi-
nance volume data storage unit 0401, and adds the output
illuminance data to the input light source data (corrected light
source data). That is, the addition unit 1001 adds the corrected
light source data and the illuminance volume data. However,
the light source data holding unit 0402 of the illuminance
correction unit 0080 has no initial value, and in this respect, is
different from the light source data holding unit 0402 of the
illuminance calculation unit 0023.

[0087] Inthe illuminance correction unit 0080, the addition
unit 1001 adds the input light source data stored in the light
source data holding unit 0402 and the output illuminance data
for the corresponding coordinate read from the illuminance
volume data storage unit 0401, and updates the input light
source data to hold them.

[0088] The two-dimensional convolution processing unit
0403 conducts the two-dimensional convolution of the input
light source data held by the addition unit 1001. That is, the
two-dimensional convolution processing unit 0403 conducts
the two-dimensional convolution of the added value of the
corrected light source data and the illuminance volume data
stored in the illuminance volume data storage unit 0401, and
thereby, generates the two-dimensional convolution data.
[0089] The weighted addition unit 0404 receives the two-
dimensional convolution data, which are the output result of
the two-dimensional convolution processing unit 0403, and
receives the updated input light source data held by the addi-
tion unit 1001. The weighted addition unit 0404 conducts the
weighted addition of the output result of the two-dimensional
convolution processing unit 0403 and the updated input light
source data held by the addition unit 1001. That is, the
weighted addition unit 0404 conducts the weighted addition
of the corrected light source data and the two-dimensional
convolution data, based on the weight coefficient, and
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thereby, creates the corrected illuminance volume data. Here,
the weight coefficient to be used by the weighted addition unit
0404 is set by the corrected optical property setting unit 0081
in which the setting for the correction has been conducted. As
described above, the weight coefficient may be referred to
from a two-dimensional table that is two-dimensionally
expressed using the two indexes: the luminance of the lumi-
nance volume data and the distance from the body surface (or
the tissue surface).

[0090] In the corrected illuminance volume data storage
unit 1002, the result of the weighted addition unit 0404 is
stored together with the positional information correspond-
ing to the voxel coordinate. Further, the result of the weighted
addition unit 0404 is input to the light source data holding unit
0402, and is stored (held) as the input light source data.

[0091] According to the modification example shown in
FIG. 8 to FIG. 10, it is possible to add the resulting illumi-
nance when light is transmitted in the direction from the far
side to the near side with respect to the visual line direction
0901 of the observer, to the illuminance to be observed from
the viewpoint 0900 of the observer, and it is possible to create
the corrected illuminance volume data in which the illumi-
nances in the two directions of the light source direction 0303
and the corrected light source direction 0902 have been cal-
culated. Here, although the configuration in which the cor-
rected illuminance volume data storage unit 1002 and the
illuminance volume data storage unit 0401 are independent
has been adopted, a configuration in which a common
memory region is used is also possible.

[0092] Further, similarly to the present embodiment
described above, for the corrected illuminance volume data
created by the illuminance correction unit 0080, the illumi-
nance calculation (or the illuminance correction calculation)
may be conducted for each of the wavelengths of the light
source, in order to further improve reality. In this case, simi-
larly to the present embodiment, the illuminance calculation
(or the illuminance correction calculation) is repeatedly con-
ducted for each of the set wavelengths, and the corrected
illuminance volume data for each of the set wavelengths are
created. For example, in the case where the light source 0302
has the three primary colors of additive color mixture, the
illuminance correction unit 0080 sets three types of weight
coefficients (or two-dimensional weight coefficient tables)
corresponding to the wavelengths of the R element, G ele-
ment and B element, and generates three types of corrected
illuminance volume data. Then, the volume rendering unit
0018 creates the three-dimensional image from the three
types of corrected illuminance volume data created by the
illuminance correction unit 0080 and the luminance volume
data stored in the volume data storage unit 0015. That is, the
volume rendering unit 0018 creates the three-dimensional
image from the luminance volume data and the corrected
illuminance volume data.

[0093] Thus, by calculating the illuminances from the two
directions of the light source direction 0303 and the corrected
light source direction 0902, it is possible to calculate the
illuminance based on a more natural shade, and to create a
three-dimensional image in which reality is improved, in the
volume rendering method.

[0094] Also, description will be given of another modifica-
tion example of the present embodiment, using FIG. 11. As
shown in FIG. 11, in the other modification example, a two-
dimensional convolution processing unit 0403 has a charac-
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teristic structure. Therefore, the two-dimensional convolu-
tion processing unit 0403 will be mainly described.

[0095] As shown in FIG. 11, in the illuminance calculation
unit 0023, the two-dimensional convolution processing unit
0403 reads the input light source data from the light source
data holding unit 0402, conducts the two-dimensional con-
volution process, and outputs the two-dimensional convolu-
tion data to the weighted addition unit 0404. The two-dimen-
sional convolution processing unit 0403 generates a plurality
oftwo or more two-dimensional convolution data. That is, the
two-dimensional convolution processing unit 0403 generates
the plurality of two-dimensional convolution data, by con-
ducting a plurality of two-dimensional convolution for the
light source data.

[0096] The weighted addition unit 0404 conducts the
weighted addition process for the input light source data read
from the light source data holding unit 0402 and the plurality
of two-dimensional convolution data generated by the two-
dimensional convolution processing unit 0403, creates the
output illuminance data, and stores them in the corresponding
voxel coordinate of the illuminance volume data storage unit
0401.

[0097] Description will be given of the configuration of the
two-dimensional convolution processing unit 0403 shown in
FIG. 11. The two-dimensional convolution processing umit
0403 includes two or more two-dimensional convolution pro-
cessing units. The two-dimensional convolution processing
units 0403-1 to 0403-N, each output different two-dimen-
sional convolution data for the input light source data
received, and each output the different two-dimensional con-
volume data to the weighted addition unit 0404. In this case,
the weighted addition unit 0404 holds, as the weight coeffi-
cient, coefficients for the input light source data and the
plurality of two-dimensional convolume data created by the
two-dimensional convolution processing units 0403 (0403-1
to 0403-N). For each output result of the two-dimensional
convolution processing units 0403 (0403-1 to 0403-N), a
different weight coefficient may be referred to from the two-
dimensional table, and be used in the weighted addition umt
0404.

[0098] Since the ultrasound diagnostic apparatus 0001
includes the plurality of two-dimensional convolution pro-
cessing units 0403-1 to 0403-N in this way, it is possible to
express a plurality of shading effects corresponding to the
behavior of light, and to create a three-dimensional image in
which the luminance has been calculated based on a more
natural behavior (for example, scattering) of light, in the
volume rendering method.

[0099] Further, the display unit 0009 may display a color
map indicating a color phase that is obtained from the lumi-
nance and the distance from the body surface. That is, the
display unit 0009 displays a color map that corresponds to the
two-dimensional weight coefficient table specifying the
weight coefficient and whose indexes are the luminance of the
luminance volume data and the distance from the surface of
the object. FIG. 12 is a diagram for showing that the color map
is displayed in a display example according to the present
embodiment. As shown in FIG. 12, three cross sections 0701
to 0704 orthogonal to each other, a three-dimensional image
0704 are concurrently displayed, similarly to FIG. 7. Then, a
color map 1201 is displayed. The color map 1201 is a pseudo
color map for visually recognizing the tint of the three-di-
mensional image that is realized by the two-dimensional
weight coefficient table 0501.



US 2016/0038124 Al

[0100] 1Inthe color map 1201, the luminance voxel value is
arranged on the vertical axis. In the color map 1201, the repeat
count (comparable to the distance from the tissue surface) of
the illuminance calculation, which is conducted depending
on the distance from the tissue surface and based on the
two-dimensional weight coefficient table 0501 as described
using FIG. 4 and FIG. 5, is arranged on the horizontal axis.
Thus, the color map 1201 is a reference image indicating the
color phase that is obtained from the luminance and the dis-
tance from the body surface.

[0101] By checking the color map 1201, an operator can
recognize what color phase is assigned to the three-dimen-
sional image (illumination three-dimensional image) 0704.
For example, it is possible to recognize whether a displayed
region shows a bone or a soft tissue. The transposition of the
axis direction of the color map 1201, or the inversion of the
axis is also possible.

[0102] Further, the color map 1201 may be selected from a
plurality of color maps. For example, the display unit 0009
may selectively display a plurality of color maps correspond-
ing to a plurality of two-dimensional weight coefficient tables
each of which specifies the weight coeflicient corresponding
to the tissue of the object (the face region, bone region or
others of an unborn child). FIG. 13 is a diagram illustrating a
selection method of the color map 1201. As shown in FIG. 13,
a graphical interface 1300 for region selection displayed on
the display unit 0009 is operated by the operation unit 0004 (a
pointer, a trackball, an encoder, or the like), and thereby, the
color map 1201 can be selected.

[0103] A selection screen 1301 in FIG. 13 is an example of
buttons to be displayed at the time of inspection, and a button
corresponding to a target can be selected. For example, a
button corresponding to a target is selected from a target 1
button 1302, atarget 2 button 1303 atarget N button 1304, and
thereby, a three-dimensional image corresponding to the tar-
get can be created.

[0104] Inthecase where the target 1 button 1302 designates
the face of the unborn child, once the target 1 button 1302 is
selected, a weight coefficient (a two-dimensional weight
coefficient table 0501) appropriate for the face of the unborn
child is selected, this is set in the optical property setting unit
0022 or the corrected optical property setting unit 0081, and
acolor map 1312 corresponding to the target 1 button 1302 is
displayed.

[0105] Inthecase where the target 2 button 1303 designates
the bone of the unborn child, once the target 2 button 1303 is
selected, a weight coefficient (a two-dimensional weight
coefficient table 0501) appropriate for the bone region is
selected, this is set in the optical property setting unit 0022 or
the corrected optical property setting unit 0081, and a color
map 1313 corresponding to the target 2 button 1303 is dis-
played. It is also possible that color maps 1312 to 1314 to be
selected are displayed on the graphical interface 1300 for
region selection.

[0106] Thecolor maps 1312 to 1314 are color maps created
based on the two-dimensional weight coefficient tables 0501
that are selected by the respective target buttons 1302 to 1304,
and by the concurrent display with the target buttons 1302 to
1304, the operator can select an appropriate color map with-
out a doubt.

[0107] Further, as shown in FIG. 14, a selection screen
1305 may be displayed on the graphical interface 1300 for
region selection. The selection screen 1305, which is a dif-
ferent example of the buttons to be displayed at the time of
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inspection, includes a target display region 1306 to display
the name of a selected target, a target selection up-button
1307, and a target selection down-button 1308, and allows a
plurality of previously prepared targets to be switched with
use of the target selection up-button 1307 and the target
selection down-button 1308. Therefore, the operator operates
the target selection up-button 1307 or the target selection
down-button 1308, and thereby, a three-dimensional image
corresponding to the target canbe created. For example, inthe
case where the target 1 (target 1 button) designates the face of
the unborn child and the target 2 (target 2 button) designates
the bone of the unborn child, the target is switched in turns by
the target selection up-button 1307 or the target selection
down-button 1308. In this case, when the target 1 (target 1
button) is selected, a weight coefficient appropriate for the
face of the unborn child is selected, this is set in the optical
property setting unit 0022 or the corrected optical property
setting unit 0081, and the color map 1201 is switched. Next,
when the target 2 (target 2 button) is selected by the target
selection down-button 1308, a weight coefficient appropriate
for the bone region is selected, this is set in the optical prop-
erty setting unit 0022 or the corrected optical property setting
unit 0081, and the color map 1201 is switched.

[0108] Further, it is also possible that the input light source
data can be switched depending on the target, and input light
source data corresponding to the target are set in the light
source information setting unit 0021. Further, it is also pos-
sible that the target selection screen is prepared foreach ofthe
weight coefficient and the input light source data, and the
weight coefficientand the input light source data are indepen-
dently selected (controlled).

INDUSTRIAL APPLICABILITY

[0109] The ultrasound diagnostic apparatus of the present
invention has effects that a three-dimensional image that
expresses the shading effect due to the leakage, absorption or
others of light can be created, and is useful as an ultrasound
diagnostic apparatus for generating a three-dimensional pro-
jection image from ultrasonic luminance volume data.

REFERENCE SIGNS LIST

[0110] 0001 ultrasound diagnostic apparatus

[0111] 0002 ultrasonic probe

[0112] 0003 control unit

[0113] 0004 operation unit

[0114] 0005 sending unit

[0115] 0006 receiving unit

[0116] 0007 sending/receiving control unit

[0117] 0008 beamformer unit

[0118] 0009 display unit

[0119] 0011 multi-planar reconstruction (B-mode) region

information calculation unit

[0120] 0012 three-dimensional data storage unit

[0121] 0013  arbitrary multi-planar  reconstruction
(B-mode) image creation unit

[0122] 0014 three-dimensional coordinate transformation
unit

[0123] 0015 volume data storage unit

[0124] 0016 three-dimensional image processing unit

[0125] 0017 image composition unit

[0126] 0018 volume rendering unit

[0127] 0019 gradient calculation unit

[0128] 0021 light source information setting unit
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[0129] 0022 optical property setting unit
[0130] 0023 illuminance calculation unit
[0131] 0080 illuminance correction unit
[0132] 0081 corrected optical property setting unit
[0133] 0082 corrected light source information setting unit
[0134] 0401 illuminance volume data storage unit
[0135] 0402 light source data holding unit
[0136] 0403 two-dimensional convolution processing unit
[0137] 0404 addition unit
[0138] 1001 addition unit
[0139] 1002 corrected illuminance volume data storage
unit
[0140] 1201, 1312, 1313, 1314 color map
[0141] 1300 graphical interface
[0142] 1301, 1305 selection screen
1. An ultrasound diagnostic apparatus to display a three-
dimensional image of an object based on luminance volume
data, the ultrasound diagnostic apparatus comprising:

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

an optical property setting unit configured to set a weight
coefficient indicating an optical property of the lumi-
nance volume data with respect to the light source;

an illuminance calculation unit configured to calculate an
illuminance at a position corresponding to a coordinate
of the luminance volume data, based on the optical data
and the weight coefficient, and to create illuminance
volume data based on the calculated illuminance; and

a volume rendering unit configured to create the three-
dimensional image from the luminance volume data and
the illuminance volume data.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the illuminance calculation unit comprises:

a two-dimensional convolution processing unit configured
to conduct two-dimensional convolume of the light
source data to generate two-dimensional convolume
data; and

a weighted addition unit configured to conduct weighted
addition of the light source data and the two-dimen-
sional convolume data based on the weight coefficient to
create the illuminance volume data.

3. The ultrasound diagnostic apparatus according to claim

1, wherein

the illuminance calculation unit

comprises a light source data holding unit configured to
hold an initial value of the light source data and a result
of the weighted addition by the weighted addition unit,
as input light source data,

generates two-dimensional convolume data, by conducting
two-dimensional convolume of the input light source
data while switching a voxel luminance from an illumi-
nance calculation starting position to an illuminance
calculation ending position in the luminance volume
data, and

creates the illuminance volume data, by conducting
weighted addition of the input light source data and the
two-dimensional convolume data based on the weight
coefficient.

4. The ultrasound diagnostic apparatus according to claim

1, wherein

the volume rendering unit creates the three-dimensional

image, based on an opacity to be referred to by an illu-

Feb. 11,2016
10

minance of the illuminance volume data and a lumi-
nance of the luminance volume data.

5. The ultrasound diagnostic apparatus according to claim

1, wherein the optical property setting unit sets the weight
coefficient depending on a luminance of the luminance vol-
ume data and a distance from a surface of the object.

6. The ultrasound diagnostic apparatus according to claim

1, wherein

the weight coefficient is specified by a two-dimensional
weight coefficient table whose indexes are a luminance
of the luminance volume data and a distance from a
surface of the object.

7. The ultrasound diagnostic apparatus according to claim

1, wherein

the light source information setting unit sets the light
source data by adjusting at least one of an intensity of the
light source, a position of the light source in the three-
dimensional space, adirection ofthe light source, a color
tone of the light source, and a shape of the light source.

8. The ultrasound diagnostic apparatus according to claim

1, wherein

the light source information setting unit sets the light
source data corresponding to a plurality of wavelengths
of the light source,

the optical property setting unit sets the weight coefficient
for each of the plurality of wavelengths, and

the illuminance calculation unit creates the illuminance
volume data for each of the plurality of wavelengths.

9. The ultrasound diagnostic apparatus according to claim

1, comprising:

acorrected light source information setting unit configured
to set an opposite direction to a visual line direction in
the three-dimensional space, as a corrected light source
direction, and to set corrected light source data indicat-
ing a property of a corrected light source that emits light
in the corrected light source direction;

a corrected optical property setting unit configured to set a
weight coefficient indicating an optical property of the
luminance volume data with respect to the corrected
light source; and

an illuminance correction unit configured to calculate an
illuminance at a position corresponding to a coordinate
of the luminance volume data, based on the corrected
light source data and the weight coefficient, and to create
corrected illuminance volume data based on the calcu-
lated corrected illuminance, wherein

the volume rendering unit creates the three-dimensional
image from the luminance volume data and the cor-
rected illuminance volume data.

10. The ultrasound diagnostic apparatus according to claim

9, wherein

the illuminance correction unit comprises:

an addition unit configured to add the corrected light
source data and the illuminance volume data;

a two-dimensional convolution processing unit configured
to generate two-dimensional convolume data, by con-
ducting two-dimensional convolume of an added value
of the corrected light source data and the illuminance
volume data; and

a weighted addition unit configured to create the corrected
illuminance volume data, by conducting weighted addi-
tion of the corrected light source data and the two-di-
mensional convolume data based on the weight coeffi-
clent.
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11. The ultrasound diagnostic apparatus according to claim
1, comprising
a display unit configured to display a color map whose
indexes are a luminance of the luminance volume data
and a distance from a surface of the object, the color map
corresponding to a two-dimensional weight coefficient
table that specifies the weight coefficient.
12. The ultrasound diagnostic apparatus according to claim
11, wherein
the display unit selectively displays a plurality of the color
maps corresponding to a plurality of two-dimensional
weight coefficient tables each of which specifies the
weight coefficient corresponding to a tissue of the
object.
13. The ultrasound diagnostic apparatus according to claim
2, wherein
the two-dimensional convolution processing unit gener-
ates a plurality of two-dimensional convolume data, by
conducting a plurality of two-dimensional convolution
for the light source data.
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14. An ultrasound three-dimensional image creation
method of displaying a three-dimensional image of an object
based on luminance volume data, the ultrasound three-dimen-
sional image creation method comprising:

setting light source data indicating a property of a light
source that is set in a three-dimensional space;

setting a weight coefficient indicating an optical property
of the luminance volume data with respect to the light
source;

calculating an illuminance at a position corresponding to a
coordinate of the luminance volume data, based on the
optical data and the weight coefficient, and creating
illuminance volume data based on the calculated illumi-
nance; and

creating the three-dimensional image from the luminance
volume data and the illuminance volume data.
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