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(57) ABSTRACT

An ultrasound diagnostic apparatus includes a light source
information setting unit setting light source data indicating
a property of a light source irradiated to a cross section
region of the object, an optical property setting unit setting
a weight coeflicient indicating an optical property of cross-
section region data including intensity information on the
cross section region to the light source, an illuminance slice
data creation unit calculating illuminance at positions cor-
responding to coordinates of a plurality of the cross-section
regions based on the light source data and the weight
coeflicient, and creating illuminance slice data of the plu-
rality of the cross-section regions based on the calculated
illuminance, and a composition unit compositing a two-
dimensional cross-section image of the object from the
plurality of illuminance slice data.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND TWO-DIMENSIONAL
CROSS-SECTION IMAGE GENERATION
METHOD

TECHNICAL FIELD

The present invention relates to an ultrasound diagnostic
apparatus, and particularly, to an ultrasound diagnostic appa-
ratus that generates a two-dimensional cross-section image
from intensity volume data of an ultrasonic wave.

BACKGROUND ART

An ultrasound diagnostic apparatus sends an ultrasonic
wave to the inside of a diagnosing object by an ultrasound
probe, receives a reflected echo signal which corresponds to
a structure of a biological tissue from the inside of the
diagnosing object, and forms a cross-section image, e.g., an
ultrasonic cross-section image (B-mode image), or the like,
to be displayed for a diagnosis.

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, thereafter
ultrasonic image data is reconfigured in a visual line direc-
tion, and a three-dimensional image is created, thereby a
surface of an object is observed. The recent typical tech-
nique is a technique called real-time 3D or 4D, in which
signal processing described above is performed in real time,
and a moving three-dimensional image is displayed.

Also, in order to observe not a surface but an arbitrary
cross-section region of a three-dimensional space, or in
order to obtain a detailed image, a typical technique is
displaying an arbitrary cross-section region from three-
dimensional data.

However, as in the case of a normal two-dimensional
cross-section image, the aforementioned techniques have a
problem that a diffraction pattern called speckle, which is
unique to ultrasound, causes a break in display of regions,
which is expected to be continued, or a problem that a
three-dimensional structure of an object is not obvious.

Examples of a method for solving the aforementioned
problems include a method disclosed in Patent Literature 1.
It is disclosed that a technique is selected for rendering
volume which is one of surface texture, maximum density,
minimum density, average projection, rendering an inclined
light, and maximum transparency, in order to display an
emphasized C plane image by emphasizing one of the
anatomical features.

CITATION LIST
Patent Literature
Patent Literature 1: JP-A-2005-74227
SUMMARY OF INVENTION
Technical Problem
In a conventional ultrasound diagnostic apparatus, how-
ever, unlike a macro specimen observed by a naked eye or
a micro specimen observed by being exposed to light from
the rear with a microscope or a loupe, it is impossible to

obtain a cross-section image in which a structure can be
clearly seen and reality is improved.
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2

The present invention has been made to solve the con-
ventional problems, and the object thereof is to provide an
arbitrary cross-section image of a three-dimensional space
with an optical property (or a shading effect) indicating a
behavior of light (leakage, absorption, scattering, reflection,
etc.) to obtain a cross-section image in which a structure can
be clearly seen and reality is improved.

Solution to Problem

An ultrasound diagnostic apparatus of the present inven-
tion includes: a light source information setting unit config-
ured to set a property of a light source irradiated to a cross
section region of an object, the light source information
setting unit generating light source data based on the prop-
erty of the light source; an optical property setting unit
configured to set a weight coeflicient indicating an optical
property of cross-section region data to the light source, the
cross-section region data including intensity information on
the cross section region; an illuminance slice data creation
unit configured to calculate illuminance at a position corre-
sponding to coordinates of a plurality of the cross section
regions based on the light source data and the weight
coeflicient, and create illuminance slice data of the plurality
of the cross section regions based on the calculated illumi-
nance; and a composition unit configured to composite a
two-dimensional cross-section image of the object from the
plurality of the illuminance slice data.

According to this configuration, it is possible to provide
an arbitrary cross-section image of a three-dimensional
space with an optical property (or a shading effect) indicat-
ing a behavior of light (leakage, absorption, scattering,
reflection, etc.) to obtain a cross-section image in which a
structure can be clearly seen and reality is improved.

Advantageous Effects of Invention

The present invention enables providing an arbitrary
cross-section image of a three-dimensional space with an
optical property (or a shading effect) indicating a behavior of
light (leakage, absorption, scattering, reflection, etc.) to
obtain a cross-section image in which a structure can be
clearly seen and reality is improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example of an
ultrasound diagnostic apparatus according to a present
embodiment.

FIG. 2 is a schematic diagram illustrating a plurality of
cross-section images stored in an arbitrary cross-section
image storage unit.

FIG. 3 is a block diagram illustrating an example of a
cross-section image processing unit.

FIG. 4 is a schematic diagram schematically illustrating
cross-section region data of an arbitrary cross section region,
illuminance slice data and a light source.

FIG. 5 1s a block diagram illustrating an example of a
configuration of an illumination slice data creation unit.

FIG. 6 is a diagram explaining setting of a weight
coeflicient used in a weighted addition unit.

FIG. 7 is a diagram illustrating an example of effects of
the present embodiment.

FIG. 8 is a diagram illustrating an example of a graphical
user interface switching a display mode of a cross-section
image.
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FIG. 9 is a diagram illustrating a mode in which an
arbitrary cross-section image by an ultrasonic wave and a
same cross section region in a cross-section image are
displayed simultaneously.

FIG. 10 is a diagram illustrating a mode in which an
arbitrary cross-section image by an ultrasonic wave and a
cross-section image perpendicular to the cross-section
image in question are displayed simultaneously.

FIG. 11 is a diagram illustrating a mode in which two-
dimensional cross-section images of three planes which are
perpendicular to one another in a three-dimensional space
and a three-dimensional image are displayed simultane-
ously.

FIG. 12 is a diagram illustrating an example of a display
mode in which one or more arbitrary cross-section images
by an ultrasonic wave and a plurality of cross-section images
perpendicular to one another are displayed simultaneously.

FIG. 13 is a block diagram illustrating an illuminance
slice data creation unit according to a modification example
of the present embodiment.

FIG. 14 is a block diagram illustrating a two-dimensional
convolution processing unit according to another modifica-
tion example of the present embodiment.

DESCRIPTION OF EMBODIMENT

Hereinafter, descriptions will be given of an ultrasound
diagnostic apparatus of the present invention, using the
drawings. FIG. 1 1s a block diagram illustrating an example
of an ultrasound diagnostic apparatus according to a present
embodiment. As illustrated in FIG. 1, an ultrasound diag-
nostic apparatus 0001 includes a control unit 0003, an
operation unit 0004, a sending unit 0005, a receiving umt
0006, a sending/receiving control unit 0007, a beamformer
unit 0008, a display unit 0009, a cross-section region infor-
mation calculation unit 0011, a three-dimensional data stor-
age unit 0012, an arbitrary cross-section image creation unit
0013, a three-dimensional coordinate transformation unit
0014, a volume data storage unit 0015, a three-dimensional
image processing unit 0016, an image composition unit
0017, a projection processing unit 0018, a gradient calcu-
lation unit 0019, an arbitrary cross-section image storage
unit 0020, and a cross-section image processing unit 0021,
and the ultrasound diagnostic apparatus 0001 generates an
image of an object in a three-dimensional space based on
intensity volume data. Also, the ultrasound diagnostic appa-
ratus 0001 is connected to an ultrasonic probe 0002.

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 trans-
ducers 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/receiving 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 control sending/receiving of an ultrasonic
wave electrically.

The control unit 0003 controls the respective components
of the ultrasound diagnostic apparatus 0001 and the ultra-
sonic probe 0002. The operation unit 0004 conducts various
inputs to the control unit 0003. The operation unit 0004
includes a keyboard, a trackball etc.
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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 point of the sent ultrasonic waves at a certain
depth. The receiving unit 0006 reccives a reflection echo
signal reflected from the diagnosing object 0010. The receiv-
ing unit 0006 amplifies a reflection echo signal received by
the ultrasonic probe 0002 at a predetermined gain to gen-
erate an RF signal, ie, a receipt signal. The sending/
receiving control unit 0007 controls the sending unit 0005
and the receiving unit 0006.

The beamformer unit 0008 conducts phasing addition of
the reflection echo received by the receiving unit 0006. The
beamformer unit 0008 controls the phase of the 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 cross-
section region information calculation unit 0011 forms a
cross-section image based on the RF signal frame data
generated by the beamformer unit 0008. The three-dimen-
sional data storage unit 0012 stores a plurality of the
cross-section images formed by the cross-section region
information calculation unit 0011.

The arbitrary cross-section image creation unit 0013
creates a cross-section image based on the acquired shapes
of the cross-section images. The three-dimensional coordi-
nate transformation unit 0014 conducts three-dimensional
coordinate transformation based on the acquired shapes of
the cross-section images, generates intensity volume data,
and stores the intensity volume data in the volume data
storage unit 0015. The three-dimensional image processing
unit 0016 creates illuminance volume data with use of the
intensity volume data stored in the volume data storage unit
0015.

The gradient calculation unit 0019 creates gradient vol-
ume data with use of the intensity volume data stored in the
volume data storage unit 0015. The projection processing
unit 0018 conducts rendering processing with use of the
illuminance volume data, the intensity volume data and the
gradient volume data to generate a three-dimensional image.
Also, the projection processing unit 0018 may create a
three-dimensional image from the intensity volume data and
the illuminance volume data. The image composition unit
0017 composes the three-dimensional image generated by
the projection processing unit 0018 and the cross-section
image created by the arbitrary cross-section image creation
unit 0013. The display unit 0009 displays an image for
display created by the image composition unit 0017.

Next, description will be given of processing of three-
dimensional data. At the same time of sending/receiving 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, 8 and ¢. Based on the set
condition in the control unit 0003, the cross-section 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 compression,
wave detection, contour emphasis, and smoothing process-
ing, and forms two-dimensional cross-section region data.

The three-dimensional data storage unit 0012 has a func-
tion of storing a plurality of the two-dimensional cross-
section region data, which is data output by the cross-section
region information calculation unit 0011, based on the



US 9,786,040 B2

5

sending/receiving direction corresponding to an acquisition
point. For example, a plurality of two-dimensional cross-
section 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 6
direction are obtained by driving in the ¢ direction perpen-
dicular to the 6 direction, and a plurality of two-dimensional
cross-section region data associated with ¢ are stored as
three-dimensional cross-section region data.

With use of the three-dimensional cross-section region
data stored in the three-dimensional data storage unit 0012,
the three-dimensional coordinate transformation unit 0014
conducts three-dimensional coordinate transformation to a
coordinate in a space based on the acquisition point (depth,
0, ¢), generates intensity volume data, and stores the gen-
erated intensity volume data in the volume data storage unit
0015.

With use of the three-dimensional cross-section region
data stored in the three-dimensional data storage unit 0012,
the arbitrary cross-section image creation unit 0013 creates
an arbitrary cross-section image on an arbitrary plane in the
three-dimensional space set by the control unit 0003 and the
operation unit 0004, based on the acquisition point (depth, 6,
0.

The three-dimensional image processing unit 0016 cre-
ates illuminance volume data based on the intensity volume
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
coordinates are calculated, based on the intensity volume
data stored in the volume data storage unit 0015. The
projection processing unit 0018 conducts rendering process-
ing with use of the illuminance volume data and the intensity
volume data, and generates a three-dimensional image.

The arbitrary cross-section image storage unit 0020 stores
a plurality of the cross-section images created by the arbi-
trary cross-section image creation unit 0013. In the present
embodiment, the arbitrary cross-section image storage unit
0020 stores cross-section region data of an arbitrary cross
section region (cross section region to be observed by an
operator) and cross-section images which are parallel to the
cross-section region at equal intervals.

FIG. 2 is a schematic diagram illustrating the plurality of
cross-section images stored in the arbitrary cross-section
image storage unit 0020. As illustrated in FIG. 2, the
arbitrary cross-section image creation unit 0013 specifies
cross-section region data 0202 of an arbitrary cross section
in a three-dimensional space 0200 and creates a cross-
section image 0205 from the cross-section region data 0202.
The arbitrary cross-section image creation unit 0013 creates
cross-section region data 0201 and 0203 having a thickness
in a normal line direction of the cross-section region data
0202 which is set by the operator (or an interval parallel to
the cross-section region data 0202, and set by the operator).
The arbitrary cross-section image storage unit 0020 stores a
plurality of the cross-section region data 0201, 0202, 0203.
The cross-section image 0205 may be a cross-section image
obtained by adding the cross-section region data 0201, 0202,
0203 and having a smoothing effect.

Next, detailed description will be given of the cross-
section image processing unit 0021. The cross-section image
processing unit 0021 creates a cross-section image with an
emphasized shading effect, based on a plurality of the
cross-section region data of cross-section images stored in
the arbitrary cross-section image storage unit 0020.

FIG. 3 is a block diagram illustrating an example of the
cross-section image processing unit 0021. As illustrated in
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FIG. 3, the cross-section image processing unit 0021
includes a light source information setting unit 0031, an
optical property setting unit 0032, an illuminance slice data
creation unit 0033 and a composition unit 0034. The ultra-
sound diagnostic apparatus 0001 of the present embodiment
includes the light source information setting unit 0031 which
sets light source data indicating a property of a light source
to be irradiated to a cross section region of an object, the
optical property setting unit 0032 which sets a weight
coeflicient indicating an optical property of cross-section
region data including intensity information on the cross
section region to the light source, the illuminance slice data
creation unit 0033 which calculates illuminance at a position
corresponding to coordinates of a plurality of the cross
section regions based on the light source data and the weight
coeflicient, and creates illuminance slice data of the plurality
of the cross section regions based on the calculated illumi-
nance, and the composition unit 0034 which composites a
two-dimensional cross-section image of the object from the
plurality of illuminance slice data. Furthermore, an ultra-
sound two-dimensional cross-section image generation-
method of the present embodiment includes setting light
source data indicating a property of a light source to be
irradiated to a cross section region of an object, setting a
weight coefficient indicating an optical property of cross-
section region data including intensity information on the
cross section region to the light source, calculating illumi-
nance at positions corresponding to coordinates of a plural-
ity of the cross section regions based on the light source data
and the weight coeflicient, creating illuminance slice data of
the plurality of the cross section regions based on the
calculated illuminance, and compositing a two-dimensional
cross-section image of the object from the plurality of
illuminance slice data.

The light source information setting unit 0031 sets light
source data indicating a property of a light source to be
irradiated to a cross section region of an object in a three-
dimensional space. The light source information setting umt
0031 generates the light source data indicating intensity of
the light source. Also, the light source information setting
unit 0031 can set the light source data even by adjusting 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. For example, the light source information
setting unit 0031 generates the light source data based on a
direction of the light source, intensity of the light source, and
a color tone of the light source which are input and set by the
operation unit 0004 via the control unit 0003.

The optical property setting unit 0032 sets optical prop-
erties of the plurality of cross-section region data 0201,
0202, 0203 stored in the arbitrary cross-section image stor-
age unit 0020. The optical property setting unit 0032 sets a
weight coeflicient indicating the optical property of the
cross-section region data (cross-section region data includ-
ing intensity information on the cross section region) to the
light source. Based on the light source data set by the light
source information setting unit 0031 and the optical property
(weight coeflicient) set by the optical property setting unit
0032, the illuminance slice data creation unit 0033 calcu-
lates illuminance arranged on the plurality of cross-section
region data, and creates illuminance slice data. When the
illuminance slice data creation unit 0033 creates the illumi-
nance slice data of a plurality of cross section regions, the
illuminance slice data creation unit 0033 calculates illumi-
nance at a position corresponding to coordinates of the



US 9,786,040 B2

7

plurality of cross section regions based on the light source
data and the weight coefficient.

The composition unit 0034 composites the two-dimen-
sional cross-section image from the cross-section region
data and the plurality of illuminance slice data. The com-
position unit 0304 composites the two-dimensional cross-
section image of an object from the plurality of illuminance
slice data. The composition unit 0034 may composite the
two-dimensional cross-section image by using at least one of
averaging illuminance values of the plurality of illuminance
slice data, weighted addition of the plurality of slice data,
and rendering processing by an opacity table referred to by
the intensity information of the cross-section region data.
Specifically, the composition unit 0034 may composite one
cross-section image by averaging the illuminance values at
positions respectively corresponding to the plurality of illu-
minance slice data (same coordinates on the cross section
region). Also, the composition unit 0304 may composite one
cross-section image by weighting each of the plurality of
illuminance slice data and adding them (weighted addition
of the illuminance values). Also, the composition unit 0034
is capable of compositing one cross-section image by
weighting and adding the illuminance slice data and the
intensity of the cross-section region data corresponding to
the illuminance slice data. Specifically, the composition unit
0034 can composite a two-dimensional cross-section image
from the cross-section region data and the plurality of
illuminance slice data.

Next, description will be given of the light source data set
by the light source information setting unit 0031, the optical
property set by the optical property setting unit 0032 and the
illuminance slice data created by the illuminance slice data
creation unit 0033, using FIG. 4 and FIG. 5.

FIG. 4 is a schematic diagram schematically illustrating
cross-section region data of an arbitrary cross section region,
illuminance slice data and a light source. As illustrated in
FIG. 4, as in FIG. 2, the cross-section region data 0202 of an
arbitrary cross section region is specified in the three-
dimensional space 0200, and the cross-section region data
0201 and 0203, which are parallel to the cross-section region
data 0202 of the cross section region in question. The
arbitrary cross-section image storage unit 0020 stores the
plurality of cross-section region data 0201, 0202, 0203.

[Mluminance slice data 0401, 0402, 0403 correspond to the
cross-section region data 0201, 0202, 0203, respectively. By
calculating intensity of light of a light source 0400 which is
set by the light source information setting unit 0031 when
the light arrives at the cross-section region data 0201, 0202,
0203, the illuminance slice data 0401, 0402, 0403 are
created.

The light source information setting unit 0031 generates
light source data of the light source 0400 (intensity of light
source). Light of the light source 0400 is propagated in a
tissue shown by the cross-section region data 0201, 0202,
0203, and is leaked, absorbed, scattered, or reflected in the
tissue. The illuminance slice data 0401, 0402, 0403, which
reflect the behaviors of the light in the tissue (leakage,
absorption, scattering, reflection, etc.), are created by the
illuminance slice data creation unit 0033.

The optical property setting unit 0032 sets optical prop-
erties of the cross-section region data 0201, 0202, 0203,
which are used to calculate the illuminance slice data 0401,
0402, 0403. The optical property setting unit 0032 sets
weight coefficients indicating the optical properties of the
cross-section region data 0201, 0202, 0203 to the light
source. The illuminance slice data creation unit 0033 starts
illuminance calculation from the cross-section region data
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0201, which is disposed at the nearest position to the light
source 0400, to the cross-section region data 0203, which is
disposed at the furthest position. Specifically, in FIG. 4, the
cross section region of the cross-section region data 0201 is
an illuminance calculation starting slice, and the cross-
section region of the cross-section region data 0203 is an
illuminance calculation ending slice.

The illuminance slice data 0401, 0402, 0403 are created
from the nearest to furthest positions to the light source 0400
in order, and the composition unit 0034 composites the
illuminance slice data 0401, 0402, 0403, whereby a cross-
section image 0404 is created.

Next, description will be given of an example of the
configuration of the illuminance slice data creation unit
0033, using FIG. 5. As illustrated in FIG. 5, the illuminance
slice data creation unit 0033 includes an illuminance slice
data storage unit 0501, a light source data holding unit 0502,
a two-dimensional convolution processing unit 0503, and a
weighted addition unit 0504. The illuminance slice data
creation unit 0033 includes the two-dimensional convolu-
tion processing unit 0503 which conducts two-dimensional
convolution of the light source data, whereby generating
two-dimensional convolution data, and the weighted addi-
tion unit 0504 which conducts weighted addition to the light
source data and the two-dimensional convolution data based
on the weight coeflicient, whereby creating the illuminance
slice data. Also, the illuminance slice data creation unit 0033
includes the light source data holding unit 0502 which holds,
as light source slice data, an initial value of the light source
data and a result of the weighted addition by the weighted
addition unit 0504, and the illuminance slice data creation
unit 0033, while switching the cross-section region data
from the illuminance calculation starting slice to the illumi-
nance calculation ending slice in the cross-section region
data, conducts two-dimensional convolution of the light
source slice data, whereby generating two-dimensional con-
volution data, and conducts weighted addition to the light
source slice data and the two-dimensional convolution data
based on the weight coeflicient, whereby creating the illu-
minance slice data.

The light source data holding unit 0502 holds the light
source slice data. The light source slice data has an initial
value of the light source data set by the light source
information setting unit 0031. The initial value of the light
source data is set by the light source data holding unit 0502
before the illuminance slice data creation unit 0033 starts
illuminance calculation.

The two-dimensional convolution processing unit 0503
conducts two-dimensional convolution of the light source
slice data (light source data) held by the light source data
holding unit 0502, whereby generating two-dimensional
convolution data. The two-dimensional convolution is two-
dimensional convolution processing of the light source slice
data (light source data) and a convolution kernel indicating
a scattering property, and the convolution kernel is config-
ured by a two-dimensional matrix and set by the control unit.
The weighted addition unit 0504 receives two-dimensional
convolution slice data which is an output result of the
two-dimensional convolution processing unit 0503 and the
light slice data held by the light source data holding umt
0502. The weighted addition unit 0504 conducts weighted
addition to the light source slice data (light source data) and
the two-dimensional convolution slice data based on the
weight coeflicient, whereby generating the illuminance slice
data. The weight coeflicient is set by the optical property
setting unit 0032.
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The result of the weighted addition unit 0504 is stored in
the illuminance slice data storage unit 0501 as illuminance
slice data. Furthermore, the illuminance slice data, which is
the result of the weighted addition unit 0504, is stored (held)
in the light source data holding unit 0502 as light source
slice data. Specifically, the light source data holding unit
0502 holds, as the light source slice data, the initial value of
the light source data and the result of weighted addition by
the weighted addition unit 0504. The two-dimensional con-
volution processing unit 0503 further conducts two-dimen-
sional convolution of the light source slice data held by the
light source data holding unit 0502.

Next, detailed description will be given of setting of a
weight coefficient used by the weighted addition unit 0504,
using FIG. 6. A two-dimensional weight coeflicient table
0601 in FIG. 6. in which the weight coeflicients set by the
optical property setting unit 0032 are two-dimensionally
arranged, is a two-dimensional table for referring to two-
dimensionally arranged weight coeflicients, using two
indexes which are intensity of the cross-section region data
of a cross section to be referred to and an effective slice
thickness. The effective slice thickness means the number of
slices of the cross-section region data in which effective
intensity continue in a prescribed direction (for example, a
visual line direction). The effective intensity value means a
value of intensity which exceeds a preset threshold.

The optical property in the present embodiment is defined
by a weight coeflicient which is set so as to reproduce the
behavior (action) of light, and is set by the optical property
setting unit 0032, based on the optical property of the tissue.
The optical property setting unit 0032 sets the two-dimen-
sional weight coefficient table 0601 including weight coef-
ficients, as the optical property of intensity volume data.
Specifically, the optical property setting unit 0032 sets the
weight coefficients, depending on the intensity of the cross-
section region data and the number of the slices of the
cross-section region data in which effective intensity con-
tinue in a prescribed direction (effective slice thickness).

Description will be given of a case where weight coefli-
cients referred to in the two-dimensional weight coeflicient
table 0601 based on the two indexes which are intensity of
the cross-section region data and the effective slice thickness
are two, 1.e., a and b. If a weight coeflicient added to the light
source slice data is a and a weight coeflicient added to the
two-dimensional convolution slice data is b, adjustment of
magnitude of a and b allows easy setting of the behavior of
light (degree of scattering, etc.).

Also, the weight coefficients a and b and an added sum of
the light source data and the two-dimensional convolution
slice data are output to the illuminance slice data storage unit
0501. When a total value of the weight coefficients a and b
is set to be large, enhanced illuminance can be set, and when
the total value of the weight coeflicients a and b is set to be
small, attenuated illuminance can be set.

The effective slice thickness means the number of slices
in which effective intensity values in the same coordinate of
the cross-section region data continue. The effective inten-
sity value is determined based on whether intensity to be
referred to exceeds a threshold. The threshold is set by the
operation unit 0004 via the control unit 0003.

In the case of referring to the cross-section region data
0201, 0202, 0203 in FIG. 4 in order, if a intensity value of
a coordinate to be referred to is larger than a threshold, the
effective slice thickness increases, and if the intensity value
is lower than the threshold, the effective slice thickness is
initialized. On illuminance calculation of the illuminance
slice data 0401, 0402, 0403, the weighted addition unit 0504
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refers to a weight coeflicient in the two-dimensional weight
coeflicient table 0601 based on the intensity value of the
coordinate in question and the effective slice thickness. The
weighted addition unit 0504 conducts weighted addition of
the light source slice data and the two-dimensional convo-
lution slice data, based on the weight coefficient.

According to the present embodiment, it is possible to set
an optical property which is discriminated based on intensity
corresponding to acoustic impedance of a living body and an
effective slice thickness corresponding to a shape of the
living body. Specifically, without complicated calculation, a
two-dimensional weight coeflicient table reflecting proper-
ties of a tissue is set, a behavior of light (degree of scattering,
etc.) is adjusted based on the two-dimensional weight coef-
ficient table, and thereby it is possible to give an optical
effect in the tissue easily and arbitrarily, and the cross-
section image 0404 in which reality is improved depending
on a property of the tissue (for example, acoustic impedance
of the tissue or corresponding hardness) can be created.

While switching the cross-section region data referred to
by the weighted addition unit 0504 from the illuminance
calculation starting slice (cross-section region data 0201) to
the illuminance calculation ending slice (cross-section
region data 0203), the illuminance slice data creation unit
0033 repeats the aforementioned illuminance calculation
processing. Specifically, while switching the cross-section
region data from the illuminance calculation starting slice to
the illuminance calculation ending slice in the cross-section
region data, the illuminance slice data creation unit 0033
conducts two-dimensional convolution of the light source
slice data, whereby generating the two-dimensional convo-
lution data, and conducts weighted addition of the light
source slice data and the two-dimensional convolution data
based on the weight coefficient, whereby creating the illu-
minance slice data.

After calculation to the illuminance calculation ending
point is finished, the illuminance slice data creation unit
0033 creates the illuminance slice data in which illuminance
to be arranged on the cross-section region data is calculated,
and the illuminance slice data is stored in the illuminance
slice data storage unit 0501.

A behavior property of light varies depending on wave-
lengths 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.

The light source information setting unit 0031 sets light
source data corresponding to a plurality of wavelengths of
the light source. The optical property setting unit 0032 sets
a weight coefficient for each of the plurality of wavelengths.
Specifically, a plurality of the two-dimensional weight coef-
ficient tables 0601 are prepared each for the wavelength, and
the illuminance slice data creation unit 0033 conducts illu-
minance calculation processing for each wavelength to
generate a plurality of illuminance slice data each for the
wavelength. For example, if the light source 0400 has seven
colors of visible rays, the illuminance slice data creation umt
0033 sets seven types of weight coeflicient (or two-dimen-
sional weight coeflicient table) and generates seven types of
illuminance slice data. Furthermore, if the light source 0400
has three primary colors of additive color mixture, the
illuminance slice data creation unit 0033 sets three types of
weight coefficient (or two-dimensional weight coefficient
table) corresponding to wavelengths of elements R, G, B,
and generates three types of illuminance slice data.
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In the present embodiment, description will be given of a
case where the light source 0400 has three primary colors of
additive color mixture, three types of weight coefficient (or
two-dimensional weight coeflicient table) are set, and three
types of illuminance slice data are generated.

Since three types of illuminance slice data for each
wavelength (for each elements R, G, B) are generated, the
composition unit 0034 composites the illuminance slice data
for each wavelength to create three types (elements R, G, B)
of a cross-section image for each wavelength. The illumi-
nance slice data in the illuminance slice data storage unit
0501 are composited to the three types of the cross-section
image for each wavelength by the composition unit 0034. By
calculating an average of the illuminance values at the
coordinates of the plurality of illuminance slice data for each
wavelength, the composition unit 0034 can composite the
three types of the cross-section image. Also, by weighting
the plurality of illuminance slice data for each wavelength
and adding them, the composition unit 0034 can composite
the three types of the cross-section image. Also, by weight-
ing and adding the illuminance slice data in the illuminance
slice data storage unit 0501 and intensity of the cross-section
region data corresponding to the illuminance slice data, the
composition unit 0034 can composite one cross-section
image.

When three types of the illuminance slice data for each
wavelength are prepared, the composition unit 0034 (the
cross-section image processing unit 0021) refers to the
illuminance slice data for each wavelength, whereby gen-
erating three types of the cross-section image for each
wavelength.

Also, the composition unit 0034 can create a cross-section
image by using Equations (1) to (3) based on the three types
of illuminance slice data for each wavelength and intensity
of the cross-section region data corresponding to the illu-
minance slice data. As shown in Equations (1) to (3), the
composition unit 0034 also can conduct rendering process-
ing for creating a cross-section image, based on an illumi-
nance value (voxel value) in the illuminance slice data
L_dk], L_g[k], L_b[k] for each wavelength (elements R, G,
B), intensity (voxel value) C of the cross-section region data,
and an opacity table o to be referred to by the intensity C.
Specifically, the voxel values in the illuminance slice data
L_tk], L_g[k], L_b[k] for each wavelength are multiplied
by opacity terms, which are obtained by the opacity table a.
to be referred to by the intensity C of the cross-section
region data, and are accumulated in the visual line direction,
and thereby the cross-section image is generated.

OUT_R[K]=Z=5((L_r[k]) a[CTA]]
%1 (1-a[Clm]]) ey
OUT_GIK]-2""K((L_g[k]}a[C[K]]
=% (1-a[Cm]]) @
OUT_B[K]=Z*X((L_b[K]}a[CTH]]
>+ (1-a[Cm])) ©)

In the equations, “k” indicates a slice number coordinate
in a 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. The visual line
direction determines an order for reference to the illumi-
nance slice data and the cross-section region data. The
illuminance slice data creation unit 0033 changes the order
from the illuminance calculation starting slice to the illumi-
nance calculation ending slice, based on the visual line
direction. As illustrated in FIG. 4, based on the visual line
direction, it is possible to conduct composition calculation in

20

25

40

45

50

55

60

65

12

order from the illuminance slice data 0401 to 0403, and it is
also possible to conduct composition calculation in order
from the illuminance slice data 0403 to 0401. In this case,
the cross-section region data corresponding the illuminance
slice data are also referred to in the same order as the
illuminance slice data based on the visual line direction, in
the case of conducting composition calculation in order from
the illuminance slice data 0401 to 0403, the cross-section
region data are referred to in order from the cross-section
region data 0201 to 0203, while in the case of conducting
composition calculation in order from the illuminance slice
data 0403 to 0401, the cross-section region data are referred
to in order from the cross-section region data 0203 to 0201.

The cross-section image created by the cross-section
image processing unit 0021 is arranged on the same screen
as an arbitrary cross-section image or a three-dimensional
image by the image composition unit 0017, and is displayed
by the display unit 0009. In this case, the image composition
unit 0017 converts as appropriate the cross-section image
divided for each wavelength so as to correspond to an input
standard of the display unit 0009.

Description will be given of effects of the present embodi-
ment, using FIG. 7. As illustrated in FIG. 7, structures with
high intensity (e.g., tissue) 0702, 0704, 0706 appear on
cross-section images of cross-section region data 0701,
0703, 0705. When the three cross-section region data are
composited, the structures with high intensity 0702, 0704,
0706 are displayed simultaneously in the cross-section
image, as illustrated in a composition image 0710. For
example, the structure 0702 on the cross-section region data
0701 is displayed as a high-intensity portion 0712 on the
composition image 0710. The structure 0704 on the cross-
section region data 0703 is displayed as a high-intensity
portion 0714 on the composition image 0710. The structure
0706 on the cross-section region data 0705 is displayed as a
high-intensity portion 0716 on the composition image 0710.

Illuminance slice data 0707, 0708, 0709 illustrated in
FIG. 7 correspond to the cross-section region data 0701,
0703, 0705, respectively. The illuminance slice data 0707,
0708, 0709 in FIG. 7 illustrate the case where illuminance
calculation is conducted by the illuminance slice data cre-
ation unit 0033, in order from the illuminance slice data
0707 to 0709, based on the visual line direction.

The illuminance slice data 0707 is provided with an
optical property referring to the intensity of the cross-section
region data 0701, and an illuminance structure 0722 reflect-
ing the optical property of the structure 0702 is generated.
The illuminance slice data 0708 is provided with an optical
property referring to the intensity of the cross-section region
data 0703, and an illuminance structure 0724 reflecting the
optical property of the structure 0704 is generated, and also,
the illuminance structure 0722 generated in the illuminance
slice data 0707 appears as an illuminance structure 0732
with an effect of two-dimensional convolution processing.

The illuminance slice data 0709 is provided with an
optical property referring to the intensity of the cross-section
region data 0705, and an illuminance structure 0726 reflect-
ing the optical property of the structure 0706 is generated
and also, the illuminance structures 0724, 0732 generated in
the illuminance slice data 0708 appear as illuminance struc-
tures 0734, 0742 with an effect of two-dimensional convo-
lution processing.

In this way, the illuminance slice data creation unit 0033
calculates illuminance arranged on the plurality of the
cross-section region data 0701, 0703, 0705 based on the
light source data (a position of the light source, a direction
of the light source, intensity and color of the light source,



US 9,786,040 B2

13
etc.) and the optical properties, and creates the illuminance
slice data 0707, 0708, 0709. In the illuminance slice data
0709, the illuminance structure 0726 is generated based on
the cross-section region data 0705, and also the illuminance
structures 0722, 0724 generated in the illuminance slice data
0707, 0708 appear as the illuminance structures 0734, 0742
reflecting behaviors of light, with an effect of two-dimen-
sional convolution processing.

While switching the cross-section region data referred to
by the weighted addition unit 0504 from the illuminance
calculation starting slice (cross-section region data 0701) to
the illuminance calculation ending slice (cross-section
region data 0705), the illuminance slice data creation unit
0033 repeats the aforementioned illuminance calculation
processing. For example, illuminance calculation processing
of the illuminance structure 0722 generated in the illumi-
nance slice data 0707 is repeatedly conducted by the illu-
minance slice data creation unit 0033, and thereby the
illuminance structure 0742 appears.

The composition unit 0034 composites the three illumi-
nance slice data 0707, 0708, 0709 and the three cross-
section region data 0701, 0703, 0705, and generates the
cross-section image 0710. To the cross-section image 0710,
effects of the high-intensity portions 0712, 0714, 0716 as
well as the illuminance structures 0752, 0754, 0756 are
reflected. For example, the structure 0702 on the cross-
section region data 0701 is displayed as an image in which
the structure is further emphasized, with the high-intensity
portion 0712 and an optical effect (illuminance structure
0752) on the composited cross-section image 0710.

FIG. 8 is a diagram illustrating an example of a graphical
user interface switching a display mode of a cross-section
image. As illustrated in FIG. 8, the display unit 0009
displays a switch button screen 0801 for switching the
display modes of the illuminance slice data and the cross-
section image. Switching the button on the switch button
screen 0801 by the operation unit 0004 via the control unit
0003 allows the display modes of the illuminance slice data
and the cross-section image to be switched.

A button 0802 and a button 0803 are an interface (first
setting unit) for selecting a thickness in a visual line direc-
tion corresponding to a plurality of cross-section region data
for creating a cross-section image. If the button 0802 is
selected, the plurality of cross-section region data are set in
a wide region in the visual line direction. If the plurality of
cross-section region data are set in the wide region in the
visual line direction, an optical effect can be provided to the
cross-section image over the wide region, for example, a
darker shading effect can be provided, and thereby the
structure can be further emphasized. On the other hand, if
the button 803 is selected, the plurality of cross-section
region data are set in a narrow region in the visual line
direction. If the plurality of cross-section region data are set
in the narrow region in the visual line direction, an optical
effect can be provided to the cross-section image in the
narrow region, and thereby light is easy to be transmitted
and the internal structure can be recognized transparently.
That is, the button 0802 and the button 0803 set a width of
the region in the visual line direction for setting the plurality
of the cross section regions.

With use of a button 0804 (second setting unit), an
arbitrary thickness in a normal line of the cross-section
region data (for example, the cross-section region data 0202
in FIG. 2) may be set. Alternately, with use of a button 0805
(third setting unit), an arbitrary number of slices of the
cross-section region data may be set. The button 0804 and
the button 0805 also make it possible to adjust the intervals
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of the cross-section region data by setting an arbitrary
thickness and an arbitrary number of slices at equal inter-
vals.

Furthermore, with use of a button 0806 (fourth setting
unit) and a button 0807 (fourth setting unit), even an
illumination direction of light can be selected (set). If the
illumination direction of light is set as follow light, the
directions of the light source and the viewpoint are made to
be coincident with each other, and thereby a cross-section
image such as a macro specimen for a naked eye can be
created. If the illumination direction of light is set as
transmitted light, the direction of the light source and the
direction of the viewpoint are reversed, and thereby a
cross-section image such as a micro specimen to be exposed
to light from the rear can be created. Moreover, with use of
a button 0808 (fifth setting unit), the follow direction or the
opposite direction of the viewpoint is changed, and thereby
even a visual line direction can be changed.

Furthermore, with use of a button 0809 (sixth setting
unit), even a composition method executed by the compo-
sition unit 0034 (for example, averaging illuminance values,
weighted addition of illuminance values) can be selected
(set). Also, even the two-dimensional weight coeflicient
table 0601 used by the weighted addition unit 0504 can be
changed.

The ultrasound diagnostic apparatus 0001 of the present
embodiment includes the display unit 0009 displaying a
two-dimensional cross-section image, and the display unit
0009 displays at least one or a combination of two or more
of the first setting unit setting the width of a region in a
visual line direction for setting the plurality of the cross
section regions, the second setting unit setting an arbitrary
thickness in a normal direction of the cross-section region
data, the third setting unit setting the number of slices of the
cross-section region data, the fourth setting unit setting the
illumination direction of the light source, the fifth setting
unit changing the follow direction or the opposite direction
of a viewpoint, and the sixth setting unit setting the com-
position method by the composition unit. Specifically, if a
plurality of conditions are provided to a button, the plurality
of conditions can also be changed at the same time.

A button 0810 and a button 0811 are a button provided
with conditions of a thickness and an illumination direction
of light. The button 0810 allows setting a thickness to be
increased and setting light as follow light to be executed at
the same time, and thus, it is possible to set a range in which
a plurality of cross-section region data are created to be
wide, make the directions of the light source and the
viewpoint coincident with each other, and create a cross-
section image such as a macro specimen for a naked eye.
The button 0811 allows setting a thickness to be decreased
and setting light as transmitted light to be executed at the
same time, and thus, it is possible to set a range in which a
plurality of cross-section region data are created to be
narrow, reverse the direction of the light source and the
direction of the viewpoint, and create a cross-section image
such as a micro specimen to be exposed to light from the
rear. Also, the two-dimensional weight coeflicient table 0601
which indicates the optical property coincident with desired
display may be changed simultaneously.

In this way, if setting of the display mode of the cross-
section image is changed by the interface included in the
display unit 0009 or the operation unit 0004, a drawn range
or the number of slices of the cross-section image is set by
the arbitrary cross-section image creation unit 0013, the
illumination direction is set by the light source information
setting unit 0031, and the two-dimensional weight coeffi-
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cient table 0601 is set by the optical property setting unit
0032, via the control unit 0003.

Next, description will be given of a display mode in the
present embodiment, using FIG. 9. FIG. 9 is a diagram
illustrating a mode in which an arbitrary cross-section image
by an ultrasonic wave and a same cross section region in a
cross-section image are displayed simultaneously. As illus-
trated in FIG. 9, the display unit 0009 displays a cross-
section image 0901 which is a conventional cross-section
image and a cross-section image (two-dimensional cross-
section image) 0902 of the present embodiment, simultane-
ously. Specifically, the display unit 0009 displays the cross-
section image 0901 of the cross section region and the
two-dimensional cross-section image 0902 corresponding to
the cross-section image of the cross section region, in
parallel. As a result, while conducting a diagnosis with the
cross-section image 0901 based on the conventional diag-
nostic criteria, it is possible to improve the accuracy of the
diagnosis with use of the cross-section image 0902 in which
the structure of a tissue can be clearly seen.

Next, description will be given of another display mode in
the present embodiment, using FIG. 10. FIG. 10 is a diagram
illustrating a mode in which an arbitrary cross-section image
by an ultrasonic wave and a cross-section image perpen-
dicular to the cross-section image in question are displayed
simultaneously. As illustrated in FIG. 10, the display unit
0009 displays a conventional cross-section image 1001 and
a cross-section image (two-dimensional cross-section
image) 1003, which is a cross-section image according to the
present embodiment, perpendicular to the cross-section
image 1001, simultaneously. In the cross-section image
1001, a cross-section image setting frame 1002 is displayed.
The cross-section image 1001 is used as a guide for setting
the cross-section image setting frame 1002.

The cross-section image setting frame 1002 is a frame for
determining a drawing range of the cross-section image
1003 perpendicular to the cross-section image 1001, a
plurality of arbitrary cross-section images are formed within
the range determined by the cross-section image setting
frame 1002, and the cross-section image 1003 is created and
displayed based on the plurality of the formed cross-section
region data. Specifically, the cross-section image setting
frame 1002 specifies positions of a plurality of cross section
regions to create a plurality of illuminance slice data. The
cross-section image 1003 is an image on a plane perpen-
dicular to the cross-section image 1001, and the cross-
section image 1003 as well as the cross-section image 1001
is set to be observable, and thus, inspection efficiency can be
improved.

Next, description will be given of yet another display
mode in the present embodiment, using FIG. 11. FIG. 11 is
a diagram illustrating a mode in which two-dimensional
cross-section images of three planes which are perpendicular
to one another in a three-dimensional space and a three-
dimensional image are displayed simultaneously. As illus-
trated in FIG. 11, cross-section images (two-dimensional
cross-section images) 1101, 1102, 1103 on three perpendicu-
lar planes having a common point of intersection and a
three-dimensional image 1104 are displayed simultaneously
by the display unit 0009.

In the three-dimensional image 1104, cross-section image
setting marks 1105, 1106, 1107, which correspond to the
cross-section images 1101, 1102, 1103, respectively, are
displayed. If the cross-section image setting mark 1105,
1106 or 1107 moves, the corresponding cross-section image
1101, 1102 or 1103 moves. If one of the cross-section image
setting marks 1105, 1106, 1107 is selected on the three-
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dimensional image of the display unit 0009, the cross-
section image setting mark 1105, 1106 or 1107 can be moved
with a trackball or a cursor. Also, by operation of an encoder,
the cross-section image setting marks 1105, 1106, 1107 can
be moved in an arbitrary direction directly.

Furthermore, in each cross-section images 1101, 1102,
1103, a point mark of intersection 1108 which is the com-
mon point of intersection is displayed, and moving the point
mark of intersection 1108 allows the positions of the cross-
section images 1101, 1102, 1103 to be moved. The position
of the point mark of intersection 1108 corresponds to the
position of the point of intersection of the cross-section
image setting marks 1105, 1106, 1107 in the three-dimen-
sional image 1104, and moving the point mark of intersec-
tion 1108 causes the cross-section image setting marks 1105,
1106, 1107 to move, as well. As a result, the positions of the
cross-section images 1101, 1102, 1103 are also moved. The
point mark of intersection 1108 may be moved with a
trackball or a cursor by selecting the point mark of inter-
section 1108 on the display unit 0009, or the point mark of
intersection 1108 may be moved in an arbitrary direction
directly by operation of an encoder.

By using the display mode illustrated in FIG. 11, it is
possible to observe the cross-section images 1101, 1102,
1103 and the three-dimensional image 1104 simultaneously,
and thus, the inspection efficiency can be improved. Also,
the display positions of the cross-section images 1101, 1102,
1103 can be easily operated, and thus, the inspection effi-
ciency can be improved.

That is, in the case of displaying the two-dimensional
cross-section image perpendicular to the cross-section
image, the display unit 0009 displays the cross-section
image setting frame 1002 specifying the positions of the
plurality of cross section regions for creating the plurality of
illuminance slice data, in the case of displaying the plurality
of two-dimensional cross-section images perpendicular to
one another in the three-dimensional space, the display umt
0009 displays the point mark of intersection 1108 which is
the common point of intersection, and in the case of dis-
playing the plurality of two-dimensional cross-section
images perpendicular to the cross-section image and parallel
to one another, the display unit 0009 displays cross-section
image setting lines 1302 to 1309 specifying the positions of
the cross section regions corresponding to the plurality of
two-dimensional cross-section images.

Next, description will be given of yet another display
mode in the present embodiment, using FIG. 12. FIG. 12 is
a diagram illustrating an example of a display mode in which
one or more arbitrary cross-section images by an ultrasonic
wave and a plurality of cross-section images perpendicular
to one another are displayed simultaneously. As illustrated in
FIG. 12, an arbitrary cross-section image 1301 is used as a
guide. In the cross-section image 1301, the cross-section
image setting lines 1302, 1303, 1304, 1305, 1306, 1307,
1308, 1309 are displayed. The cross-section image setting
lines 1302 to 1309 are a line for determining drawing
positions of cross-section images 1310 to 1317. The cross-
section image setting lines 1302 to 1309 specify positions of
cross section regions corresponding to the plurality of two-
dimensional cross-section images. The cross-section images
(two-dimensional cross-section images) 1310, 1311, 1312,
1313,1314, 1315, 1316, 1317 corresponding to the positions
determined by the cross-section image setting lines 1302 to
1309, respectively, are displayed on the display unit 0009.
The cross-section images 1310 to 1317 are cross-section
images which are perpendicular to the arbitrary cross-
section image 1301 and parallel to one another, the plurality
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of cross-section images 1310 to 1317 are set at the same time
with use of the cross-section image 1301 as a guide, and
thus, the inspection efficiency can be improved.

Specifically, the display unit 0009 displays at least one of
the two-dimensional cross-section image corresponding to
the cross-section image of the cross section region, the
two-dimensional cross-section image perpendicular to the
cross-section image, the plurality of the two-dimensional
cross-section images perpendicular to one another in the
three-dimensional space, and the plurality of the two-dimen-
sional cross-section images perpendicular to the cross-sec-
tion image and parallel to one another.

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

FIG. 13 is a block diagram illustrating a modification
example of the present embodiment. As illustrated in FIG.
13, the illuminance slice data creation unit 0033 of the
ultrasound diagnostic apparatus 0001 includes the light
source data holding unit 0502, a weight multiplication unit
1401, the two-dimensional convolution processing unit
0503, and an addition unit 1402. The light source data
holding unit 0502 and the two-dimensional convolution
processing unit 0503 have the same functions as those in the
present embodiment.

Comparing with the illuminance slice data creation unit
0033 in FIG. 5, the addition unit 1402 is provided in place
of the weighted addition unit 0504, and the weight multi-
plication unit 1401 is provided in the front stage of the
two-dimensional convolution processing unit 0503.

With use of the two-dimensional weight coeflicient table
0601 set by the optical property setting unit 0032, the weight
multiplication unit 1401 refers to the two-dimensional
weight coeflicient table 0601 based on intensity (axis 0602)
of the cross-section image (cross-section region data) and
the effective slice thickness (axis 0603), and obtains two
weight coefficients (for example, a and b described above).
The weight multiplication unit 1401 receives the light source
slice data held by the light source data holding unit 0502 and
outputs weighted light source slice data obtained by multi-
plying the weight coefficient a to the light source slice data
and weighted light source slice data obtained by multiplying
the weight coeflicient b to the light source slice data. One of
the two weighted light source slice data obtained by multi-
plying the weight coeflicients a and b (for example, the
weighted light source slice data obtained by multiplying the
weight coefficient a) is input to the two-dimensional con-
volution processing unit 0503. The two-dimensional convo-
lution processing unit 0503 conducts two-dimensional con-
volution of the input weighted light source slice data, and
creates two-dimensional convolution slice data.

The other of the two weighted light source slice data
obtained by multiplying the weight coefficients a and b by
the weight multiplication unit 1401 (for example, the
weighted light source slice data obtained by multiplying the
weight coeflicient b) is input, as light source slice data, to the
addition unit 1402. The addition unit 1402 receives and adds
the light source slice data and the two-dimensional convo-
lution slice data, and stores the added data in the illuminance
slice data storage unit 0501.

According to the modification example illustrated in FIG.
13, as in the present embodiment, by multiplying the weight
coeflicient to the light source slice data held by the light
source data holding unit 0502 and the two-dimensional
convolution slice data obtained by conducting two-dimen-
sional convolution of the light source slice data and adding

20

25

40

45

60

65

18

them, a behavior of light (degree of scattering, etc.) can be
easily set by the weight coeflicient which is set so as to
reproduce the behavior (action) of light in the tissue, and it
is possible to obtain a cross-section image in which reality
is improved based on the illuminance slice data reflecting
the behavior of light.

Next, description will be given of another modification
example of the present embodiment, using FIG. 14. FIG. 14
is a block diagram illustrating the other modification
example of the present embodiment. As illustrated in FIG.
14, the two-dimensional convolution processing unit 0503
of the ultrasound diagnostic apparatus 0001 includes two or
more two-dimensional convolution processing units. The
two-dimensional convolution processing units 0503 (0503-1
to 0503-N) receive light source slice data from the light
source data holding unit 0502, each output different two-
dimensional convolution data for the light source slice data
(light source data), and each output the different two-
dimensional convolution data to the weighted addition umit
0504. In this case, the weighted addition unit 0504 receives
the light source slice data read from the light source data
holding unit 0502 and the plurality of two-dimensional
convolution data created by the two-dimensional convolu-
tion processing units 0503 (0503-1 to 0503-N), outputs
illuminance slice data by conducting weighted addition
processing of the light source slice data and the plurality of
two-dimensional convolution data, and stores the illumi-
nance slice data in the illuminance slice data storage unit
0501. In this case, the weight coeflicients in the weighted
addition unit 0504 hold coefficients for the light source slice
data and the plurality of two-dimensional convolution data.
For each output result of the two-dimensional convolution
processing units 0503 (0503-1 to 0503-N), a different weight
coeflicient may be referred to from the two-dimensional
table, and be used in the weighted addition unit 0504.

According to the modification example illustrated in FIG.
14, since the ultrasound diagnostic apparatus 0001 includes
the plurality of two-dimensional convolution processing
units 0503-1 to 0503-N, a plurality of shading effects
corresponding to a behavior of light can be expressed, and
a cross-section image in which illuminance based on a
natural behavior of light (e.g., scattering) is calculated can
be created. Note that the plurality of two-dimensional con-
volution processing units 0503-1 to 0503-N may be applied
to the modification example illustrated in FIG. 13.

INDUSTRIAL APPLICABILITY

The ultrasound diagnostic apparatus of the present inven-
tion provides an arbitrary cross-section image of a three-
dimensional space with an optical property (or a shading
effect) indicating a behavior of light (leakage, absorption,
scattering, reflection, etc.) and has effects that a cross-
section image in which a structure can be clearly seen and
reality is improved can be obtained, and is useful as an
ultrasound diagnostic apparatus for generating a two-dimen-
sional cross-section image from ultrasonic intensity volume
data.

REFERENCE SIGNS LIST

0001 ultrasound diagnostic apparatus
0002 ultrasonic probe

0003 control unit

0004 operation unit

0005 sending unit

0006 receiving unit
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0007 sending/receiving control unit
0008 beamformer unit
0009 display unit
0011 cross-section region information calculation unit
0012 three-dimensional data storage unit
0013 arbitrary cross-section image creation unit
0014 three-dimensional coordinate transformation unit
0015 volume data storage unit
0016 three-dimensional image processing unit
0017 image composition unit
0018 projection processing unit
0019 gradient calculation unit
0020 arbitrary cross-section image storage unit
0021 cross-section image processing unit
0031 light source information setting unit
0032 optical property setting unit
0033 illuminance slice data creation unit
0034 composition unit
0501 illuminance slice data storage unit
0502 light source data holding unit
0503 two-dimensional convolution processing unit
0504 weighted addition unit
1002 cross-section image setting frame
1105 cross-section image setting mark
1108 point mark of intersection
1302 cross-section image setting line
1401 weight multiplication unit
1402 addition unit
The invention claimed is:
1. An ultrasound diagnostic apparatus for use with tissue,
the ultrasound diagnostic apparatus comprising:
a light source configured to irradiate the tissue with light;
and
a processor programmed to:
set light source data indicating a property of the light
irradiated to a cross section region of the tissue;
set a weight coeflicient calculated based on a wave-
length and illumination slice of the light source, the
weight coeflicient reflecting a behavior of the light
irradiated in the tissue, the cross-section region data
including intensity information on the cross-section
region,;
calculate an illuminance at positions corresponding to
coordinates of a plurality of cross-section regions
based on the light source data and the weight coef-
ficient, by calculating two-dimensional convolution
of the light source data to generate two-dimensional
convolution data;
calculate illuminance slice data of the plurality of the
cross-section regions based on the calculated illumi-
nance by calculating weighted addition of the light
source data and the two-dimensional convolution
data based on the weight coefficient to create the
illuminance slice data; and
composite a two-dimensional cross-section image of
the tissue from a plurality of the calculated illumi-
nance slice data.
2. The ultrasound diagnostic apparatus according to claim
claim 1, the processor further comprising:
holding, as light source slice data, an initial value of the
light source data and a calculated result of the weighted
addition, and
while switching the cross-section region data from an
illuminance calculation starting slice to an illuminance
calculation ending slice in the cross-section region
data, the processor calculates two-dimensional convo-
lution of the light source slice data to generate two-
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dimensional convolution data, and calculates weighted
addition of the light source slice data and the two-
dimensional convolution data based on the weight
coefficient to calculate the illuminance slice data.
3. The ultrasound diagnostic apparatus according to claim
1, wherein the processor changes an order from the illumi-
nance calculation starting slice to the illuminance calcula-
tion ending slice, based on a visual line direction.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the processor sets the weight coeflicient depend-
ing on intensity of the cross-section region data and the
number of slices of the cross-section region data in which
effective intensity continues in a prescribed direction.
5. The ultrasound diagnostic apparatus according to claim
1, wherein the processor includes at least one of: (i) aver-
aging illuminance values of a plurality of the illuminance
slice data, (ii) weighted addition of a plurality of the slice
data, and (iii) rendering processing by an opacity table
referred to by the intensity information of the cross-section
region data, to composite the two-dimensional cross-section
image.
6. The ultrasound diagnostic apparatus according to claim
claim 1, further comprising:
adisplay configured to display the two-dimensional cross-
section image, wherein the display displays a cross-
section image of the cross section region and the
two-dimensional cross-section image corresponding to
the cross-section image of the cross section region, in
parallel.
7. An ultrasound diagnostic apparatus for use with tissue,
the ultrasound diagnostic apparatus comprising:
a light source configured to irradiate the tissue with light;
a processor programmed to:
set light source data indicating a property of the light
irradiated to a cross section region of the tissue,
set a weight coeflicient calculated based on a wave-
length and illumination slice of the light source, the
weight coefficient reflecting a behavior of the light
irradiated in the tissue, the cross-section region data
including intensity information on the cross-section
region,
calculate an illuminance at positions corresponding to
coordinates of a plurality of cross-section regions
based on the light source data and the weight coef-
ficient, and calculate illuminance slice data of the
plurality of the cross-section regions based on the
calculated illuminance, and
composite a two-dimensional cross-section image of
the tissue from a plurality of the calculated illumi-
nance slice data; and
adisplay configured to display the two-dimensional cross-
section image, wherein the display displays at least one
or a combination of two or more of:
setting a width of a region in a visual line direction for
setting the plurality of cross-section regions,
setting an arbitrary thickness in a normal direction of
the cross-section region data,
setting the number of slices of the cross-section region
data,
setting an illumination direction of the light source,
changing a follow direction or an opposite direction of
a viewpoint, and
setting a composition method.
8. The ultrasound diagnostic apparatus according to claim
7, wherein the display displays at least one of:
the two-dimensional cross-section image corresponding
to a cross-section image of the cross section,
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the two-dimensional cross-section image perpendicular to
the cross-section image,

a plurality of the two-dimensional cross-section images
perpendicular to one another in a three-dimensional
space, and 5

a plurality of the two-dimensional cross-section images
perpendicular to the cross-section image and parallel to
one another.

9. The ultrasound diagnostic apparatus according to claim

8, wherein the display: 10
in the case of displaying the two-dimensional cross-
section image perpendicular to the cross-section image,
displays a cross-section image setting frame specifying
positions of the plurality of the cross-section regions
for creating the plurality of the illuminance slice data, 15
in the case of displaying a plurality of the two-dimen-
sional cross-section images perpendicular to one
another in the three-dimensional space, displays a point
mark of intersection, the point mark of intersection
being a common point of intersection, and 20
in the case of displaying the plurality of the two-dimen-
sional cross-section images perpendicular to the cross-
section image and parallel to one another, displays a
cross-section image setting line specifying positions of
the cross-section regions corresponding to the plurality 25
of two-dimensional cross-section images.
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