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ULTRASONIC DIAGNOSTIC DEVICE, IMAGE
PROCESSING DEVICE, AND IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. PCT/JP2013/073445, filed on Aug. 30,
2013 which designates the United States, and which claims
the benefit of priority from Japanese Patent Applications No.
2012-190367, filed on Aug. 30, 2012; and No. 2013-180610,
filed on Aug. 30, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic device, an image processing device,
and an image processing method.

BACKGROUND

[0003] Inrecent years, an ultrasonic diagnostic device that
collects volume data by using an ultrasonic probe capable of
scanning a subject three-dimensionally has been put to prac-
tical use. In such an ultrasonic diagnostic device, rendering is
performed with respect to the collected volume data with
various kinds of rendering methods. For example, as a ren-
dering method used in the ultrasonic diagnostic device, a
volume rendering method of generating a two-dimensional
image that reflects three-dimensional information has been
known.

[0004] In recent years, a rendering method referred to as
“global illumination” has been also known. The global illu-
mination is a method of acquiring a more realistic image by
rendering volume data, while taking into consideration
propagation (such as attenuation or reflection) of light in a
real space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.11is a block diagram of a schematic configura-
tion of an ultrasonic diagnostic device according to a first
embodiment;

[0006] FIG. 2 is a flowchart of a process procedure of a
process performed by the ultrasonic diagnostic device
according to the first embodiment;

[0007] FIG. 3 is a block diagram of a schematic configura-
tion of an ultrasonic diagnostic device according to a second
embodiment;

[0008] FIG. 41s an example of a global illumination image
generated by a global-illumination rendering unit according
to the first or second embodiment;

[0009] FIG. 5 is an example of a volume rendering image
generated by a volume rendering unit according to the first or
second embodiment;

[0010] FIG. 6 is an example of a superimposed image gen-
erated by a superimposition processing unit according to the
first or second embodiment;

[0011] FIG. 7 is an explanatory diagram of an example of
divisions of a superimposed image by a superimposition pro-
cessing unit;

[0012] FIGS. 8 to 10 are explanatory diagrams of examples
in which the superimposition processing unit sets a superim-
position ratio.
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DETAILED DESCRIPTION

[0013] According to one embodiment, an ultrasonic diag-
nostic device includes a first rendering unit, a second render-
ing unit, a superimposition processing unit, a display control
unit. The first rendering unit generates a first rendering image
according to a first rendering method based on volume data
collected by three-dimensionally scanning a subject with
ultrasonic waves. The second rendering unit generates a sec-
ond rendering image according to a second rendering method
that is different from the first rendering method, based on the
volume data. The superimposition processing unit generates a
superimposed image in which at least a part of the first ren-
dering image and a part of the second rendering image are
superimposed on each other. The display control unit causes
a display device to display the superimposed image. The
superimposition processing unit adjusts a superimposition
ratio of the first and second rendering images in the superim-
posed image.

[0014] Exemplary embodiments of an ultrasonic diagnos-
tic device, an image processing device, and an image process-
ing method are explained below with reference to the accom-
panying drawings.

First Embodiment

[0015] A first embodiment is explained first. An ultrasonic
diagnostic device according to the first embodiment gener-
ates a global illumination image and a volume rendering
image respectively based on volume data collected by three-
dimensionally scanning a subject with ultrasonic waves, and
displays a superimposed image in which the global illumina-
tion image and the volume rendering image are superimposed
on each other.

[0016] The global illumination image is an image acquired
by rendering the volume data by global illumination. In glo-
bal illumination, voxels are arranged in a three-dimensional
space, and a projection image is displayed based on a lumi-
nance value allocated to each voxel and a position of an
observing point. Brightness of the voxels is changed based on
a light source arranged in specific coordinates in the three-
dimensional space. Specifically, propagation of light is cal-
culated, assuming that each voxel causes attenuation or scat-
ter reflection of light irradiated from the light source.
Therefore, brightness of the voxels on an image changes
depending on not only the luminance value allocated to each
voxel and the position of the light source but also light attenu-
ated or scatter-reflected by other voxels. For the light source,
it can be set from which direction the three-dimensional space
is irradiated, how much is the amount of light, and the like.
For example, an attenuation coefficient of light when light
propagates in the air can be set. When the attenuation coeffi-
cient is set, the voxels in an area near the light source are
displayed bright, and the voxels far from the light source and
the voxels for which light is blocked by other voxels are
displayed dark. The light source is not limited to a point light
source, and can be parallel light. Brightness of the voxels can
be determined, while taking into consideration reflection of
light by structures (voxels) or refraction of light, other than
the direction of light.

[0017] Meanwhile, the volume rendering image is an image
acquired by rendering the volume data by volume rendering.
In volume rendering, the voxels are arranged in the three-
dimensional space, and brightness and color of the respective
voxels on the display are set according to a voxel value
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allocated to each voxel (in the case of volume data in a mode
B, according to a luminance value of B). A projection image
obtained by projecting the voxels from the observing point is
then displayed. A determination of brightness and color of the
voxels is performed based on luminance and a parameter such
as a color phase specified at the time of rendering. There is no
concept of the light source, and the voxels are displayed
bright in an area having a high voxel value, even in an area
where light is hard to reach or even inside of a lumen.
[0018] Conventionally, in global illumination, although a
real image can be acquired, the obtained image is different
from an image obtained by the conventional volume render-
ing. Therefore, it is difficult to ascertain which area of the
subject an operator is observing, and this causes confusion.
Furthermore, according to the setting of the position of the
light source, an observation target may be completely in a
shade, or the contour of the observation target may become
obscure according to how it is shaded, thereby making it
difficult to observe a structure by the operator.

[0019] On the other hand, according to an ultrasonic diag-
nostic device 100 of the first embodiment, because the global
illumination image and the volume rendering image are
superimposed on each other and displayed, the contour of the
structure can be supplemented on the global illumination
image. Accordingly, even if the position of the light source to
be used in global illumination is not appropriately set, the
observation target can be observed easily without losing any
sight of the structure. The ultrasonic diagnostic device
according to the first embodiment is explained below in
detail.

[0020] FIG.11is ablock diagram of a schematic configura-
tion of the ultrasonic diagnostic device according to the first
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
device 100 includes an ultrasonic probe 11, a transmitter 12,
a receiver 13, an input device 14, a display device 15, a
global-illumination rendering unit 16, a volume rendering
unit 17, a superimposition processing unit 18, a display con-
trol unit 19, and an input receiving/processing unit 110.
[0021] Inoneembodiment, theultrasonic diagnostic device
100 includes a processor such as a central processing unit
(CPU) or micro processing unit (MPU), and a memory. The
memory stores processor-executable instructions that, when
executed by the processor, cause the processor to perform
processes described later as being performed by one or a
plurality of the global-illumination rendering unit 16, the
volume rendering unit 17, the superimposition processing
unit 18, the display control unit 19, and the input receiving/
processing unit 110.

[0022] The ultrasonic probe 11 transmits ultrasonic waves
to a subject, and receives reflected waves thereof. The ultra-
sonic probe 11 can collect volume data by three-dimension-
ally scanning the subject by the ultrasonic waves. The trans-
mitter 12 transmits a drive pulse signal for transmitting the
ultrasonic waves to the ultrasonic probe 11. The receiver 13
receives the reflected waves received by the ultrasonic probe
11 as an electric signal. The volume data collected by the
ultrasonic probe 11 is transmitted to the global-illumination
rendering unit 16 and the volume rendering unit 17 described
later via the receiver 13.

[0023] The input device 14 receives various operations
from an operator. For example, the input device 14 is amouse,
akeyboard, abutton, a panel switch, a touch command screen,
a foot switch, a trackball, or the like. The display device 15
displays various images, GUI (Graphical User Interface) for
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receiving an input of various operations from the operator,
and the like. For example, the display device 15 is a liquid
crystal monitor, a CRT (Cathode Ray Tube) monitor, or the
like.

[0024] The global-illumination rendering unit 16 renders
the volume data collected by the ultrasonic probe 11 by global
illumination to generate a global illumination image.

[0025] Specifically, when the volume data is transmitted
from the receiver 13, the global-illumination rendering umt
16 renders the transmitted volume data by global illumination
to generate a global illumination image. The global-illumi-
nation rendering unit 16 transmits the generated global illu-
mination image to the superimposition processing unit 18
described later.

[0026] Forexample, the global-illumination rendering unit
16 generates a global illumination image according to a
method using photon mapping explained below (for example,
see Henrik Wann Jensen, “Global Illumination using Photon
Maps” Department of Graphical Communication, The Tech-
nical University of Denmark).

[0027] Inthis method, photonis adefinition for an algorism
that discretizes light for expressing the light on a computer
and conveys optical energy per unit time. In this method,
collisions of preset number of photons in a system or set
number of photons by an operator are calculated in a target
volume and are arranged in a scene.

[0028] Various parameters (various attributes expressing
propagation of light) can be set to the photons. However, it is
assumed here that only attenuation (absorption by an object)
is calculated for simplifying calculation. An absorptivity indi-
cating which component is to be attenuated how much, of
RGB components included in the photon, is set in an object (a
voxel). Attenuation of photons occurs depending on the
absorptivity for each of the RGB components setin the object.
The absorptivity is set beforehand in the system or set by the
operator. The behavior of the photon at a certain point is
calculated based on the probability theory and recorded
(mapped), thereby completing a photon map, which is three-
dimensional data.

[0029] After completion of the photon map, a rendering
process is performed. The rendering process is performed by
a ray-tracing method. At the time of looking up the volume
data in calculation, the distribution density of photons around
a corresponding (X, v, ) position is used to set the brightness
according to the density. At this time, a threshold and a degree
of transparency can be set in the same method as in normal
volume rendering. Accordingly, the global illumination
image is generated.

[0030] The volume rendering unit 17 renders the volume
data collected by the ultrasonic probe 11 by volume rendering
to generate a volume rendering image.

[0031] Specifically, when the volume data is transmitted
from the receiver 13, the volume rendering unit 17 renders the
transmitted volume data by volume rendering to generate a
volume rendering image. The volume rendering unit 17 trans-
mits the generated volume rendering image to the superim-
position processing unit 18 described later.

[0032] For example, the volume rendering unit 17 renders
the volume data by using the ray-tracing method to generate
the volume rendering image.

[0033] The superimposition processing unit 18 generates a
superimposed image in which a global illumination image
generated by the global-illumination rendering unit 16 and a
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volume rendering image generated by the volume rendering
unit 17 are superimposed on each other.

[0034] Specifically, when the global illumination image is
transmitted from the global-illumination rendering unit 16
and the volume rendering image is transmitted from the vol-
ume rendering unit 17, the superimposition processing unit
18 generates a superimposed image in which the global illu-
mination image and the volume rendering image are supet-
imposed on each other. The superimposition processing unit
18 then transmits the generated superimposed image to the
display control unit 19 described later.

[0035] For example, as shown in Equations (1) to (3) men-
tioned below, the superimposition processing unit 18 com-
bines a global illumination image and a volume rendering
image at a superimposition ratio set by an operator by linear
interpolation for each of the RGB components, thereby gen-
erating a superimposed image.

Outputlmge_r=(Igi_r*(1-ratio))+(Ivr_r*ratio) [0y
Outputlmge_g=(Igi_g*(1-ratio))+(Ivr_g*ratio) (2)
Outputlmge_b=(Igi_b*(1-ratio))}+(Ivr_b*ratio) (3)
[0036] In the Equations (1) to (3) mentioned above, Out-

putlmage denotes a superimposed image, Igi denotes a global
illumination image, and Ivr denotes a volume rendering
image. Each “_r” respectively added to Outputlmage, Igi, and
Ivr denotes an R (Red) component, “_g” denotes a G (Green)
component, and “_b” denotes a B (Blue) component. In addi-
tion, “ratio” denotes the superimposition ratio set by the
operator.

[0037] The superimposition processing unit 18 superim-
poses a two-dimensional image generated as a result of ren-
dering by the global-illumination rendering unit 16 and a
two-dimensional image generated as a result of rendering by
the volume rendering unit 17 on each other to generate a
superimposed image. Alternatively, the superimposition pro-
cessing unit 18 can generate a superimposed image by supet-
imposing three-dimensional data generated before rendering
is performed by the global-illumination rendering unit 16 and
three-dimensional data generated before rendering is pet-
formed by the volume rendering unit 17 on each other.
[0038] Thedisplay control unit 19 causes the display device
15 to display the superimposed image generated by the super-
imposition processing unit 18. Specifically, when the supet-
imposed image is transmitted from the superimposition pro-
cessing unit 18, the display control unit 19 causes the display
device 15 to display the transmitted superimposed image.
[0039] The input receiving/processing unit 110 receives
various operations via the input device 14, and inputs a com-
mand corresponding to the received operation to the respec-
tive units of the ultrasonic diagnostic device 100. In FIG. 1,
arrows between the input receiving/processing unit 110 and
respective units are omitted.

[0040] For example, the input receiving/processing unit
110 receives an operation to set rendering conditions associ-
ated with global illumination and rendering conditions asso-
ciated with volume rendering. The rendering conditions asso-
ciated with global illumination includes the position of the
observing point, a projection direction of the volume data, the
position of the light source, an amount of light of the light
source, an irradiation direction of the light source, and the
like. The rendering conditions associated with volume ren-
dering includes the position of the observing point, the pro-
jection direction of the volume data, brightness and color on
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the display of the voxel corresponding to the voxel value, and
the like. However, common conditions are used between glo-
bal illumination and volume rendering regarding the condi-
tions of the position of the observing point and the projection
direction of the volume data. Upon reception of the rendering
conditions associated with global illumination, the input
receiving/processing unit 110 transmits the received render-
ing conditions to the global-illumination rendering unit 16.
Upon reception of the rendering conditions associated with
volume rendering, the input receiving/processing unit 110
also transmits the received rendering conditions to the vol-
ume rendering unit 17. The global-illumination rendering
unit 16 and the volume rendering unit 17 having received the
rendering conditions respectively render the volume data
based on the transmitted rendering conditions.

[0041] Furthermore, for example, the input receiving/pro-
cessing unit 110 receives an operation to rotate or shift the
superimposed image displayed on the display device 15.
Upon reception of the operation, the input receiving/process-
ing unit 110 transmits a command to rotate or shift the global
illumination image to the global-illumination rendering unit
16, and transmits a command to rotate or shift the volume
rendering image to the volume rendering unit 17. At this time,
a rotation amount and a shift amount are common to the
global illumination image and the volume rendering image.
The global-illumination rendering unit 16 having received the
command generates a rotated or shifted global illumination
image by re-rendering, and transmits the generated global
illumination image to the superimposition processing unit18.
Meanwhile, upon reception of the command from the input
receiving/processing unit 110, the volume rendering unit 17
generates a rotated or shifted volume rendering image by
re-rendering, and transmits the generated volume rendering
image to the superimposition processing unit 18. The super-
imposition processing unit 18 generates a superimposed
image in which the transmitted global illumination image and
volume rendering image are superimposed on each other, and
transmits the generated superimposed image to the display
control unit 19. Accordingly, the rotated or shifted superim-
posed image is displayed on the display device 15.

[0042] Further, for example, the input receiving/processing
unit 110 receives an operation to change the superimposition
ratio between the global illumination image and the volume
rendering image in the superimposed image displayed on the
display device 15. The superimposition processing unit 18
adjusts the superimposition ratio between the global illumi-
nation image and the volume rendering image in the super-
imposed image according to the operation received by the
input receiving/processing unit 110.

[0043] As a specific example, for example, upon reception
of an operation to set the superimposition ratio of the volume
rendering image to zero, the input receiving/processing unit
110 transmits a command to set the superimposition ratio of
the volume rendering image in the superimposed image to
zero to the superimposition processing unit 18. The superim-
position processing unit 18 having received the command
skips the process to generate the superimposed image, and
transmits only the global illumination image to the display
control unit 19. Accordingly, only the global illumination
image is displayed on the display device 15.

[0044] Further, upon reception of an operation to change
the superimposition ratio of the volume rendering image, the
input receiving/processing unit 110 transmits to the superim-
position processing unit 18 a command to change the super-
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imposition ratio of the volume rendering image to the
received superimposition ratio. The superimposition process-
ing unit 18 having received the command changes the super-
imposition ratio of the volume rendering image, and regen-
erates a superimposed image. The superimposition
processing unit 18 transmits the generated superimposed
image to the display control unit 19. Accordingly, the super-
imposed image in which the volume rendering image is
superimposed on the global illumination image with the
changed superimposition ratio is displayed on the display
device 15. When the superimposition ratio is changed in this
manner, only the superimposed image can be regenerated.
Therefore, when two-dimensional images after rendering are
superimposed on each other, re-rendering does not need to be
performed by the global-illumination rendering unit 16 and
the volume rendering unit 17.

[0045] The superimposition processing unit 18 regenerates
asuperimposed image and transmits the superimposed image
to the display control unit 19, every time the superimposition
ratio of the volume rendering image is changed by an opera-
tor. Accordingly, while gradually changing the superimposi-
tion ratio of the volume rendering image, the operator can
observe the change in the superimposed image on a real-time
basis. As a result, the operator can easily recognize positional
correspondence between the global illumination image and
the volume rendering image.

[0046] Furthermore, by adjusting the position of the light
source for global illumination, the global illumination image
may become too bright or too dark as a whole. For example,
when lots of voxels having a low attenuation coefficient are
arranged at a position very close to the position of the light
source and the observing point, or the amount of light of the
light source is set very large, the global illumination image
becomes too bright. On the other hand, when the position of
the light source is set to an opposite side of the voxel with
respect to the observing point, or the amount of light of the
light source is set very small, the global illumination becomes
too dark. When the superimposed image displayed on the
display device 15 is too bright or too dark as a whole during
adjustment of the light source, the operator can increase the
superimposition ratio of the volume rendering image, thereby
making the contour of the observation target easily visible.
Further, as a result of adjustment of the position of the light
source, when the global illumination image is displayed
clearly and superimposition of the volume rendering image is
not required, the operator can decrease the superimposition
ratio of the volume rendering image, thereby enabling to
observe only the global illumination image.

[0047] A process performed by the ultrasonic diagnostic
device 100 according to the first embodiment is explained
next in detail. FIG. 2 is a flowchart of a process procedure of
a process performed by the ultrasonic diagnostic device
according to the first embodiment. The process procedure
from collection of volume data to display of the superimposed
image by the ultrasonic diagnostic device 100 is explained
here.

[0048] As shown in FIG. 2, in the ultrasonic diagnostic
device 100, the ultrasonic probe 11 first scans a subject three-
dimensionally with ultrasonic waves so as to include an
observation target to collect volume data (Step S101).

[0049] Subsequently, the global-illumination rendering
unit 16 generates a global illumination image based on the
collected volume data (Step S102). The volume rendering
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unit 17 also generates a volume rendering image based on the
collected volume data (Step S103).

[0050] Thereafter, the superimposition processing unit 18
generates a superimposed image in which the global illumi-
nation image generated by the global-illumination rendering
unit 16 and the volume rendering image generated by the
volume rendering unit 17 are superimposed on each other
(Step S104). The display control unit 19 causes the display
device 15 to display the superimposed image generated by the
superimposition processing unit 18 (Step S105).

[0051] In the process procedure described above, genera-
tion of a global illumination image by the global-illumination
rendering unit 16 and generation of a volume rendering image
by the volume rendering unit 17 can be performed in parallel,
or after generation of one of the images is complete, genera-
tion of the other can be performed.

[0052] As described above, according to the first embodi-
ment, because the global illumination image and the volume
rendering image are superimposed on each other and dis-
played, the contour of a structure is supplemented on the
global illumination image, and as a result, an operator can
easily observe the observation target on the global illumina-
tion image. Furthermore, according to the first embodiment,
the operator can visually comprehend the correspondence
between the respective images in a stepwise manner, by
observing the observation target while changing the superim-
position ratio between the volume rendering image and the
global illumination image.

[0053] Inthe first embodiment, there has been explained an
example in which the global-illumination rendering unit 16
and the volume rendering unit 17 generate rendering images
(a global illumination image and a volume rendering image)
by using volume data received from the receiver 13. However,
the global-illumination rendering unit 16 and the volume
rendering unit 17 can generate a rendering image by using
volume data stored in a storage unit provided in the ultrasonic
diagnostic device 100.

[0054] Inthe first embodiment, there has been explained an
example in which the global-illumination rendering unit 16
generates a global illumination image according to a method
using the photon mapping. However, the global-illumination
rendering unit 16 can generate a global illumination image
according to another type of algorism. For example, the glo-
bal-illumination rendering unit 16 can generate an image
corresponding to a global illumination image by using vari-
ous methods such as a radiosity method, specular mapping, or
surface rendering.

[0055] Inthe first embodiment. there has been explained an
example in which the global-illumination rendering unit 16
adds only attenuation at the time of generating a global illu-
mination image. However, the global-illumination rendering
unit 16 can generate a global illumination image by adding
another effect of a light source. For example, the global-
illumination rendering unit 16 can add reflection, scattering,
or the like to generate a global illumination image.

[0056] Inthe first embodiment, there has been explained an
example in which the superimposition processing unit 18
generates a superimposed image by linear interpolation.
However, the superimposition processing unit 18 can gener-
ate a superimposed image according to another type of algor-
ism. For example, the superimposition processing unit 18
compares the strength of the global illumination image with
the strength of the volume rendering image at a certain point
weighted based on the superimposition ratio, and can adopt
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an image having a low strength or an image having a high
strength to generate the superimposed image. The contour of
the structure can be acquired even by this algorism.

[0057] Inthe first embodiment, there has been explained an
example in which the display device 15 displays only a global
illumination image when the superimposition processing unit
18 sets the superimposition ratio of a volume rendering image
to zero. However, when the superimposition processing unit
18 sets the superimposition ratio to zero, the display device 15
can display only a volume rendering image. That is, the
superimposition ratio can be the superimposition ratio of the
volume rendering image with respect to a global illumination
image, or can be the superimposition ratio ofa global illumi-
nation image with respect to a volume rendering image.

Second Embodiment

[0058] A second embodiment is explained next. The first
embodiment has explained an example in which an operator
changes a superimposition ratio. In the second embodiment,
an example in which the superimposition ratio is automati-
cally adjusted by an ultrasonic diagnostic device is explained.

[0059] FIG. 3 is a block diagram of a schematic configura-
tion of an ultrasonic diagnostic device according to the sec-
ond embodiment. As shown in FIG. 3, an ultrasonic diagnos-
tic device 200 according to the second embodiment includes
the ultrasonic probe 11, the transmitter 12, the receiver 13, the
input device 14, the display device 15, the global-illumination
rendering unit 16, the volume rendering unit 17, a superim-
position processing unit 28, the display control unit 19, the
input receiving/processing unit 110, and an image-luminance
determination unit 211.

[0060] Inthe following descriptions, elements having func-
tions identical to those of respective elements shown in FIG.
1 are denoted by like reference signs, and detailed explana-
tions thereof will be omitted. In the second embodiment, the
superimposition processing unit 28 and the image-luminance
determination unit 211 are different from the first embodi-
ment. In the ultrasonic diagnostic device 200 according to the
second embodiment, a process procedure from collection of
volume data to display of the superimposed image is the same
as that shown in FIG. 2.

[0061] The superimposition processing unit 28 generates a
superimposed image in which a global illumination image
generated by the global-illumination rendering unit 16 and a
volume rendering image generated by the volume rendering
unit 17 are superimposed on each other.

[0062] Specifically, when the global illumination image is
transmitted from the global-illumination rendering unit 16
and the volume rendering image is transmitted from the vol-
ume rendering unit 17, the superimposition processing unit
28 generates a superimposed image in which the global illu-
mination image and the volume rendering image are supet-
imposed on each other. The superimposition processing unit
28 then transmits the generated superimposed image to the
display control unit 19 and the image-luminance determina-
tion unit 211 described later.

[0063] For example, as shown in Equations (1) to (3) men-
tioned below, the superimposition processing unit 28 com-
bines a global illumination image and a volume rendering
image at a superimposition ratio set in the system as an initial
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value by linear interpolation for each of the RGB compo-
nents, thereby generating a superimposed image.

OurputImge_r=(Igi_r*(1-ratio))+(Ivr_r*ratio) (1)
Outputlmge g=(Igi g*(1-ratio))+(Ivr_g*ratio) 2)
OurputImge_b=(Igi_b*(1-ratio))+(Ivr_b*ratio) (3)
[0064] In the Equations (1) to (3) mentioned above, Out-

putImage denotes a superimposed image, Igi denotes a global
illumination image, and Ivr denotes a volume rendering
image. Each “_r” respectively added to OutputImage, Igi, and
Ivr denotes an R (Red) component, “_g” denotes a G (Green)
component, and “_b” denotes a B (Blue) component. In addi-
tion, “ratio” denotes the superimposition ratio set in the sys-
tem.

[0065] The superimposition processing unit 28 superim-
poses a two-dimensional image generated as a result of ren-
dering by the global-illumination rendering unit 16 and a
two-dimensional image generated as a result of rendering by
the volume rendering unit 17 on each other to generate a
superimposed image. Alternatively, the superimposition pro-
cessing unit 28 can generate the superimposed image by
superimposing three-dimensional data generated before ren-
dering is performed by the global-illumination rendering unit
16 and three-dimensional data generated before rendering is
performed by the volume rendering unit 17 on each other.
[0066] Theimage-luminance determination unit 211 deter-
mines whether the superimposed image is suitable for obser-
vation based on a luminance value of the superimposed image
displayed on the display device 15.

[0067] Specifically, when the superimposed image is trans-
mitted from the superimposition processing unit 28, the
image-luminance determination unit 211 statistically ana-
lyzes the luminance value of the transmitted superimposed
image to determine whether the superimposed image is suit-
able for observation. When determining that the superim-
posed image is not suitable for observation, the image-lumi-
nance determination unit 211 transmits a command to
regenerate a superimposed image by increasing the superim-
position ratio of the volume rendering image to the superim-
position processing unit 28. Upon reception of the command,
the superimposition processing unit 28 increases the super-
imposition ratio of the volume rendering image only by a
predetermined value to regenerate a superimposed image.
The superimposition processing unit 28 then transmits the
generated superimposed image to the display control unit 19.
Consequently, the superimposed image in which the super-
imposition ratio of the volume rendering image is increased is
displayed on the display device 15. When determining that
the superimposed image is suitable for observation, the
image-luminance determination unit 211 does not transmit
the command to the superimposition processing unit 28.
[0068] For example, when the superimposed image is
transmitted from the superimposition processing unit 28, the
image-luminance determination unit 211 generates a lumi-
nance histogram of the transmitted superimposed image. The
image-luminance determination unit 211 analyzes the gener-
ated histogram, and when the histogram is statistically biased
to an extremely low luminance value (too dark) or an
extremely high luminance value (too bright), the image-lu-
minance determination unit 211 determines that the superim-
posed image as an analysis target is not suitable for observa-
tion. At this time, for example, the image-luminance
determination unit 211 calculates a mean luminance value or
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a variance value of the entire superimposed image. When the
calculated mean luminance value is lower than a predetet-
mined lower limit threshold or higher than a predetermined
higher limit threshold, or the variance value is smaller than a
predetermined threshold, the image-luminance determina-
tion unit 211 determines that the superimposed image is not
suitable for observation. When the histogram is statistically
biased to either the extremely low luminance value or the
extremely high luminance value, in either case, it means that
the contour of a structure becomes faded on the global illu-
mination image in the superimposed image. In such a case, a
superimposed image in which the superimpositionratio of the
volume rendering image is increased by the superimposition
processing unit 28 is automatically displayed on the display
device 15.

[0069] The image-luminance determination unit 211 can
repeatedly perform a determination of the superimposed
image and change of the superimposition ratio by a predeter-
mined number of times. Furthermore, the image-luminance
determination unit 211 can receive an operation to set or
change the threshold via the input device 14 and the input
receiving/processing unit 110 and perform the determination
of the superimposed image by using the received threshold.
[0070] The image-luminance determination unit 211 can
perform the analysis of the histogram by using the whole
luminance value in the superimposed image or by using a half
luminance value in the superimposed image or a luminance
value in an arbitrary area set in a central part of the superim-
posed image. The image-luminance determination unit 211
can perform an initial determination by using a luminance
value of the global illumination image used in the superim-
posed image as a determination target, not by using the lumi-
nance value of the superimposed image.

[0071] Theimage-luminance determination unit 211 moni-
tors a positional relation among the observing point used for
global illumination and volume rendering, the light source
used for global illumination, and the structure included in the
volume data, and when the light source moves behind the
structure, the image-luminance determination unit 211 can
determine that the superimposed image is not suitable for
observation.

[0072] When increasing the superimposition ratio of the
volume rendering image, the superimposition processing unit
28 can notify an operator that the superimposition ratio of the
volume rendering image has been increased. For example, the
superimposition processing unit 28 causes the display unit 15
to display a numerical value or a diagram indicating the
superimposition ratio of the volume rendering image via the
display control unit 19.

[0073] When increasing the superimposition ratio of the
volume rendering image, the superimposition processing unit
28 can display a global illumination image and a volume
rendering image, respectively generated as a single image, in
parallel with a superimposed image. With this arrangement,
when setting of the light source is not appropriate, the opera-
tor can ascertain the position of the light source by comparing
the global illumination image and the volume rendering
image, respectively generated as a single image, with each
other.

[0074] As described above, according to the second
embodiment, because the superimposition ratio is automati-
cally adjusted by the ultrasonic diagnostic device, the contour
information of the structure is supplemented with respect to
the global illumination image at all times, and as a result, the
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operator can easily observe the observation target on the
global illumination image. Further, it can be reliably pre-
vented that the operator loses sight of the observation target.
[0075] Effects achieved by the ultrasonic diagnostic device
according to the first and second embodiments are explained
specifically with reference to FIGS. 4 to 6. FIG. 4 is an
example of a global illumination image generated by the
global-illumination rendering unit according to the first or
second embodiment. FIG. 5 is an example of a volume ren-
dering image generated by the volume rendering unit accord-
ing to the first or second embodiment. FIG. 6 is an example of
a superimposed image generated by the superimposition pro-
cessing unit according to the first or second embodiment.
FIGS. 4 to 6 depict images of a foot of the same pre-born
child, and conceptually depict each rendering image.

[0076] AsshowninFIG. 4, there is asense of depth because
the global illumination image is shaded. However, the con-
tour of the structure, for example, toes cannot be clearly
drawn. On the other hand, as shown in FIG. 5, in the volume
rendering image, although the contour of the structure is
clear, the image lacks a sense of depth because it is not
shaded.

[0077] On the other hand, in the superimposed image in
which the global illumination image and the volume render-
ing image are superimposed on each other, there is a sense of
depth because of a shadow cast by global illumination, and
the contour information of the structure is supplemented by
the volume rendering image. As a result, toes can be seen
separately from each other. In this manner, in the superim-
posed image generated by the superimposition processing
unit, by superimposing the volume rendering image, the con-
tour of the structure can be supplemented in the global illu-
mination image, if not completely shaded. That is, because
the global illumination image and the volume rendering
image supplement each other, a favorable rendering image
can be acquired.

[0078] In the above embodiments, a case where the super-
imposition ratio is changed by an operator and a case where
the ultrasonic diagnostic device automatically adjusts the
superimposition ratio have been explained separately. How-
ever, the ultrasonic diagnostic device can have the configura-
tion explained in the first embodiment and the configuration
explained in the second embodiment. In this case, for
example, even if an operator sets the superimposition ratio of
the volume rendering image, when it is detected that the
luminance is biased in the superimposed image, the ultrasonic
diagnostic device automatically adjusts the superimposition
ratio.

[0079] Inthe above embodiments, there has been explained
a case where the ultrasonic diagnostic device processes vol-
ume data. However, the processing with respect to the volume
data can be performed by an image processing device inde-
pendently installed from the ultrasonic diagnostic device. In
this case, the image processing device includes an acquisition
unit, a first rendering unit, a second rendering unit, a super-
imposition processing unit, and a display control unit.
[0080] The acquisition unit acquires volume data obtained
by three-dimensionally scanning a subject with ultrasonic
waves. For example, the acquisition unit acquires the volume
data by receiving the volume data from a database of an
ultrasonic diagnostic device or a PACS (Picture Archiving
and Communication Systems) or a database of an electronic
medical record system. The first rendering unit generates a
global illumination image based on the volume data acquired
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by the acquisition unit. The second rendering unit generates a
volume rendering image based on the volume data acquired
by the acquisition unit. The superimposition processing unit
generates a superimposed image in which the global illumi-
nation image generated by the first rendering unit and the
volume rendering image generated by the second rendering
unit are superimposed on each other. The display control unit
causes a display device to display the superimposed image
generated by the superimposition processing unit.

[0081] The image processing method explained in the
above embodiments can be realized by executing an image
processing program prepared beforehand by a computer such
as a personal computer or a workstation. In this case, the
image processing program causes the computer to execute an
acquiring procedure, a first rendering procedure, a second
rendering procedure, a superimposition processing proce-
dure, and a display control procedure.

[0082] In the acquiring procedure, the computer acquires
the volume data obtained by three-dimensionally scanning a
subject with ultrasonic waves. For example, the computer
acquires the volume data received from a database of the
ultrasonic diagnostic device or the PACS (Picture Archiving
and Communication Systems) or a database of the electronic
medical record system. In the first rendering procedure, the
computer generates a global illumination image based on the
volume data acquired by the acquiring procedure. In the sec-
ond rendering procedure, the computer generates a volume
rendering image based on the volume data acquired by the
acquiring procedure. In the superimposition processing pro-
cedure, the computer generates a superimposed image in
which the global illumination image generated by the first
rendering procedure and the volume rendering image gener-
ated by the second rendering procedure are superimposed on
each other. In the display control procedure, the computer
causes the display device to display the superimposed image
generated by the superimposition processing procedure.
[0083] The image processing program mentioned above
can be distributed via a network such as the Internet. Further-
more, the image processing program can be executed by
recording it in a computer readable recording medium such as
ahard disk, a flexible disk (FD), a CD-ROM (Compact Disk
Read Only Memory), an MO (Magneto-Optical disk), and a
DVD (Digital Versatile Disk) and reading it from the record-
ing medium by a computer.

[0084] The respective embodiments described above can
be modified as follows.

[0085] For example, in the second embodiment described
above, there has been explained an example in which the
superimposition processing unit 28 adjusts the superimposi-
tion ratio of a rendering image based on a superimposed
image. However, the superimposition processing unit 28 can
adjust the superimposition ratio based on a global illumina-
tion image. In this case, for example, the image-luminance
determination unit 211 uses a global illumination image gen-
erated by the global-illumination rendering unit 16 instead of
a superimposed image generated by the superimposition pro-
cessing unit 28 to determine whether the global illumination
image is suitable for observation, according to the determi-
nation method based on the luminance value explained in the
second embodiment.

[0086] The superimposition processing unit can superim-
pose at least a part of the global illumination image and a part
of the volume rendering image on each other. In this case, for
example, the superimposition processing unit superimposes
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the global illumination image and the volume rendering
image for a predetermined area of the superimposed image.
[0087] For example, the superimposition processing unit
superimposes the global illumination image and the volume
rendering image in an area specified by an operator. Specifi-
cally, the superimposition processing unit receives an opera-
tion to set an area of interest on the global illumination image
or on the superimposed image via the input device 14 and the
input receiving/processing unit 110. The number of areas of
interest received by the superimposition processing unit from
the operator can be one or plural. The superimposition pro-
cessing unit then superimposes the global illumination image
and the volume rendering image for the area of interest set by
the operator. Accordingly, the operator can arbitrarily specify
an area in which the operator wishes to highlight the contour
of the structure on the global illumination image or on the
superimposed image.

[0088] For example, the superimposition processing unit
superimposes the global illumination image and the volume
rendering image in an area, which is darker or brighter than a
predetermined reference on the global illumination image or
on the superimposed image. Specifically, the superimposition
processing unit extracts an area formed of pixels whose lumi-
nance values are lower than a predetermined threshold on the
global illumination image or on the superimposed image and
superimposes the global illumination image and the volume
rendering image on each other in the extracted area. Accord-
ingly, the superimposition processing unit can automatically
highlight the contour of the structure in an area, which is
shadowed and becomes invisible. Alternatively, the superim-
position processing unit extracts an area formed of pixels
whose luminance values are equal to or higher than the pre-
determined threshold on the global illumination image or on
the superimposed image and superimposes the global illumi-
nation image and the volume rendering image on each other
in the extracted area. Accordingly, the superimposition pro-
cessing unit can automatically highlight the contour of the
structure in an area, which is too bright and hardly visible.
[0089] When superimposing the global illumination image
and the volume rendering image on each other only in the
predetermined area as described above, the superimposition
processing unit performs the superimposition processing
such that the volume rendering image is superimposed locally
only on a predetermined area in the global illumination
image. Alternatively, the superimposition processing unit sets
the superimposition ratio of the volume rendering image to be
larger than zero in a predetermined area, and sets the supet-
imposition ratio to zero in other areas to perform the supet-
imposition processing. As a result, the superimposition pro-
cessing unit can superimpose the respective rendering images
on each other only in the predetermined area.

[0090] For example, the superimposition processing unit
can divide the superimposed image into a plurality of sec-
tions, and set the superimposition ratio for each of the sec-
tions. In this case, for example, the superimposition process-
ing unit divides the superimposed image into a predetermined
number of sections having a predetermined shape. Alterna-
tively, the superimposition processing unit can divide the
superimposed image into sections having a predetermined
size and shape.

[0091] FIG. 7 is an explanatory diagram of an example of
divisions of a superimposed image by the superimposition
processing unit. For example, as shown in FIG. 7, the super-
imposition processing unit divides a superimposed image 70
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into square sections in a matrix of five rows and five columns.
For example, the superimposition processing unit then calcu-
lates a mean value of pixel values included in the section of
the global illumination image for each of the divided sections,
and sets the superimposition ratio of the volume rendering
imageineach of the sections according to the calculated mean
value. At this time, for example, the superimposition process-
ing unit sets the superimposition ratio of the volume rendet-
ing image foreach ofthe sections, based on a relation between
a predetermined luminance value of the global illumination
image and the superimposition ratio of the volume rendering
image.

[0092] FIGS. 8 to 10 are explanatory diagrams of examples
in which the superimposition processing unit sets a superim-
position ratio. In FIGS. 8 to 10, the luminance value of the
global illumination image is plotted on a horizontal axis and
the superimposition ratio of the volume rendering image is
plotted on a vertical axis. For example, the superimposition
processing unit determines the superimposition ratio of the
volume rendering image from a mean value of the luminance
values of the global illumination image for each of the sec-
tions, based on the relation shown in FIGS. 8 to 10.

[0093] For example, as shown in FIG. 8, the relation
between the luminance value of the global illumination image
and the superimposition ratio of the volume rendering image
is set so that as the luminance value of the global illumination
image increases, the superimposition ratio of the volume
rendering image decreases. Accordingly, in global illumina-
tion, in a dark section, the contour of the structure is more
highlighted than in a bright area.

[0094] For example, as shown in FIG. 9, the relation
between the luminance value of the global illumination image
and the superimposition ratio of the volume rendering image
is set such that the superimposition ratio is 100% with the
luminance value being 0, the superimposition ratio is zero
with the luminance value being PO, and the superimposition
ratio is 100% with the luminance value being 255. Further, in
the range of O<luminance value<P0, it is set so that the super-
imposition ratio decreases as the luminance value increases,
and in the range of P1<luminance value<255, it is set so that
the superimposition ratio increases as the luminance value
increases. Accordingly. in global illumination, the contour of
the structure is more highlighted in the dark section and the
bright section.

[0095] For example, as shown in FIG. 10, the relation
between the luminance value of the global illumination image
and the superimposition ratio of the volume rendering image
is set such that the superimposition ratio is 100% with
O<luminance value<P1, the superimposition ratio is 50%
with Pl<luminance value<P2, the superimposition ratio is
0% with P2<luminance value<P3, the superimposition ratio
is 50% with P3<luminance value<P4, and the superimposi-
tion ratio is 100% with P4<luminance value=255. That is, in
this case, the superimposition ratio of the volume rendering
image is set stepwise with respect to the luminance value of
the global illumination image.

[0096] Theunitof division by the superimposition process-
ing unit is notlimited to the unit shown in FIG. 7, and division
can be performed in a finer unit than the matrix of five rows
and five columns, or in a coarser unit than the matrix of five
rows and five columns. Further, the shape of the section is not
limited to square and can be an arbitrary shape, for example,
arhombic or hexagonal shape. The size of the section does not
need to be uniform, and for example, when distribution of the
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luminance is known beforehand, the section can be set finer
for a range in which a change of the luminance is large, and
the section can be set coarser for a range in which the change
of the luminance is small.

[0097] For example, the superimposition processing unit
can divide the superimposed image into pixels. In this case,
for example, the superimposition processing unit determines
the superimposition ratio of the volume rendering image from
a mean value of the luminance value of the global illumina-
tion image, based on the relation between the luminance
value of the global illumination image and the superimposi-
tion ratio of the volume rendering image shown in FIG. 8. In
this manner, by dividing the superimposed image into pixels
to set the superimposition ratio, a superimposed image in
which a highlighting degree of the contour of the structure
changes more naturally can be acquired, as conpared to a
case in which the superimposed image is divided into units
larger than the pixel.

[0098] In the respective embodiments described above,
there has been explained an example in which a global illu-
mination image and a volume rendering image are superim-
posed on each other. However, the rendering method for
generating rendering images to be superimposed on each
other is not limited to a combination of global illumination
and volume rendering.

[0099] That is, the ultrasonic diagnostic device includes a
first rendering unit and a second rendering unit. The first
rendering unit generates a first rendering image according to
a first rendering method based on volume data collected by
three-dimensionally scanning a subject with ultrasonic
waves. The second rendering unit generates a second render-
ing image according to a second rendering method that is
different from the first rendering method, based on the vol-
ume data.

[0100] For example, the first rendering method generates a
shaded rendering image. In this case, for example, the second
rendering method generates a rendering image having a less
shaded area as compared to the first rendering method. That
1s, the second rendering method forms an image in which the
contour of a structure is clearly drawn as compared to the first
rendering method. By superimposing the rendering images
generated by such a combination of rendering methods, a
portion of the first rendering image generated by the first
rendering method, in which the contour is unclear due to a
shadow, can be supplemented by the second rendering image
generated by the second rendering method.

[0101] For example, the first rendering method is global
illumination or a gradient method. The second rendering
method is, for example, volume rendering or surface render-
ing without any shading.

[0102] According to at least one of the above embodiments,
an observation target can be easily observed on a rendering
image.

[0103] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
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What is claimed is:

1. An ultrasonic diagnostic device comprising:

a first rendering unit that generates a first rendering image
according to a first rendering method based on volume
data collected by three-dimensionally scanning a subject
with ultrasonic waves;

a second rendering unit that generates a second rendering
image according to a second rendering method that is
different from the first rendering method, based on the
volume data;

a superimposition processing unit that generates a supet-
imposed image in which at least a part of the first ren-
dering image and a part of the second rendering image
are superimposed on each other; and

adisplay control unit that causes a display device to display
the superimposed image, wherein

the superimposition processing unit adjusts a superimpo-
sition ratio of the first and second rendering images in
the superimposed image.

2. The ultrasonic diagnostic device according to claim 1,
wherein the first rendering method is a method of generating
a shaded rendering image.

3. The ultrasonic diagnostic device according to claim 1,
wherein the superimposition processing unit adjusts the
superimposition ratio based on at least one of the first render-
ing image and the superimposed image.

4. The ultrasonic diagnostic device according to claim 1,
further comprising an input receiving/processing unit that
receives an operation to change the superimposition ratio
from an operator, wherein

the superimposition processing unit adjusts the superim-
position ratio according to an operation received by the
input receiving/processing unit.

5. The ultrasonic diagnostic device according to claim 1,
wherein the superimposition processing unit superimposes
the first and second rendering images in a predetermined area
of the superimposed image.

6. The ultrasonic diagnostic device according to claim 1,
wherein the superimposition processing unit divides the
superimposed image into a plurality of sections, and sets a
superimposition ratio for each of the sections.

7. The ultrasonic diagnostic device according to claim 1,
further comprising a determination unit that determines
whether the superimposed image is suitable for observation
based on a luminance value of the superimposed image,
wherein

the superimposition processing unit increases the superim-
position ratio when the determination unit has deter-
mined that the superimposed image is not suitable for
observation.

8. The ultrasonic diagnostic device according to claim 7,
wherein the determination unit determines whether the super-
imposed image is suitable for observation based on a mean
value or a variance value of the luminance value of the super-
imposed image.

9. The ultrasonic diagnostic device according to claim 7,
wherein

the determination unit monitors a positional relation
among an observing point used for rendering by the first
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rending unit and rendering by the second rendering unit,
a light source used for rendering by the first rendering
unit, and a structure included in the volume data, and

when the light source moves behind the structure, the deter-
mination unit determines that the superimposed image is
not suitable for observation.

10. The ultrasonic diagnostic device according to claim 1,
wherein the superimposition processing unit generates the
superimposed image by superimposing a two-dimensional
image generated as a result of rendering by the first rendering
unit and a two-dimensional image generated as a result of
rendering by the second rendering unit on each other.

11. The ultrasonic diagnostic device according to claim 1,
wherein the superimposition processing unit generates the
superimposed image by superimposing three-dimensional
data generated before rendering is performed by the first
rendering unit and three-dimensional data generated before
rendering is performed by the second rendering unit on each
other.

12. An image processing device comprising:

an acquisition unit that acquires volume data obtained by
three-dimensionally scanning a subject with ultrasonic
waves;

a first rendering unit that generates a first rendering image
in which a luminance value is defined with respect to the
volume data based on a position of a light source and a
voxel value constituting the volume data;

a second rendering unit that generates a second rendering
image in which a luminance value is defined with respect
to the volume data based on the voxel value constituting
the volume data;

a superimposition processing unit that generates a super-
imposed image in which at least a part of the first ren-
dering image and a part of the second rendering image
are superimposed on each other; and

adisplay control unit that causes a display device to display
the superimposed image, wherein

the superimposition processing unit adjusts a superimpo-
sition ratio of the first and second rendering images in
the superimposed image.

13. An image processing method comprising:

acquiring volume data obtained by three-dimensionally
scanning a subject with ultrasonic waves;

generating a first rendering image in which a luminance
value is defined with respect to the volume data based on
aposition of a light source and a voxel value constituting
the volume data;

generating a second rendering image in which a luminance
value is defined with respect to the volume data based on
the voxel value constituting the volume data;

generating a superimposed image in which at least a part of
the first rendering image and a part of the second ren-
dering image are superimposed on each other; and

causing a display device to display the superimposed
image, wherein

at a time of generating the superimposed image, a super-
imposition ratio of the first and second rendering images
in the superimposed image is adjusted.
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