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IMAGE PROCESSING SYSTEM, IMAGE
PROCESSING APPARATUS, AND IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/JP2012/061889, filed on May 9, 2012 which
claims the benefit of priority of the prior Japanese Patent
Application No. 2011-109683, filed on May 16, 2011, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

Embodiments described herein relate generally to an
1mage processing system, an image processing apparatus,
and an 1mage processing method.

BACKGROUND

Conventionally available 1s a technology that displays a
stereoscopic 1mage to a user using special equipment such as
a pair ol stereoscopic glasses, by displaying two parallax
images captured from two viewpoints on a monitor. In
addition, recently available 1s a technology for displaying a
stereoscopic 1mage to a user with naked eyes, by displaying
multiple-parallax 1mages (e.g., nine parallax 1mages) cap-
tured from a plurality of viewpoints on a monitor, using a
light ray controller such as a lenticular lens.

At the same time, some medical 1image diagnostic appa-
ratuses such as X-ray computed tomography (CT) appara-
tuses, magnetic resonance imaging (MRI) apparatuses, and
ultrasonic diagnostic apparatuses are capable of generating
three-dimensional medical image data (hereinafter, volume
data). Such a medical 1image diagnostic apparatus also
generates a two-dimensional image to be displayed by
applying various imaging processes to the volume data, and
displays the two-dimensional 1image on a general-purpose
monitor. For example, such a medical 1mage diagnostic
apparatus generates a two-dimensional 1image of a cross-
sectional surface of a subject reflected with the three-
dimensional information by executing a volume rendering
process to the volume data, and displays the two-dimen-
sional 1mage thus generated on a general-purpose monitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic for explaining an exemplary con-
figuration of an 1mage processing system according to a first
embodiment;

FIG. 2A 1s a schematic (1) for explaining an example of
a stereoscopic display monitor providing a stereoscopic
vision using two-parallax images;

FIG. 2B 1s a schematic (2) for explaining the example of
the stereoscopic display monitor providing a stereoscopic
vision using two-parallax images;

FIG. 3 1s a schematic for explaining an example of a
stereoscopic display monitor providing a stereoscopic vision
using mine-parallax images;

FIG. 4 1s a schematic for explaining an exemplary con-
figuration of a workstation according to the first embodi-
ment,

FIG. § 1s a schematic for explaining an exemplary con-
figuration of a rendering processor 1illustrated in FIG. 4;
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2

FIG. 6 1s a schematic for explaining an example of a
volume rendering process according to the first embodiment;

FIG. 7 1s a schematic illustrating an example of a stereo-
scopic 1mage displayed on a stereoscopic display monitor;

FIG. 8 1s a schematic for explaining an exemplary con-
figuration of a terminal apparatus 1n the first embodiment;

FIG. 9A 1s a schematic (1) for explaining a process
performed by a controller 1n the first embodiment;

FIG. 9B 1s a schematic (2) for explaining the process
performed by the controller in the first embodiment;

FIG. 10 1s a schematic for explaining a process performed
by the controller in the first embodiment;

FIG. 11 1s a schematic for explaining a process performed
by the controller in the first embodiment;

FIG. 12 1s a flowchart illustrating an example of a process
performed by the terminal apparatus in the first embodiment;

FIG. 13 1s a schematic illustrating an example of a
stereoscopic 1mage displayed on a stereoscopic display
monitor 1n a second embodiment;

FIG. 14A 1s a schematic (1) illustrating an example of a
stereoscopic 1mage displayed on a stereoscopic display
monitor 1n a third embodiment;

FIG. 14B 1s a schematic (2) illustrating an example of the
stereoscopic 1mage displayed on the stereoscopic display
monitor in the third embodiment;

FIG. 15 1s a schematic for explaining an exemplary
configuration of a terminal apparatus 1n a fourth embodi-
ment,

FIG. 16 1s a schematic illustrating an example of a
stereoscopic 1mage displayed on the stereoscopic display
monitor 1n the fourth embodiment;

FIG. 17A 1s a schematic (1) illustrating an example of a
stereoscopic 1mage displayed on a stereoscopic display
monitor 1n a fifth embodiment;

FIG. 17B 1s a schematic (2) illustrating an example of the
stereoscopic 1mage displayed on the stereoscopic display
monitor 1n the fifth embodiment; and

FIG. 18 1s a schematic for explaining an example for
displaying a stereoscopic 1mage in which contrast 1is
increased only 1n a given area.

DETAILED DESCRIPTION

An 1mage processing system according to an embodiment
includes a stereoscopic display apparatus, a rendering pro-
cessor, and a display controller. The stereoscopic display
apparatus displays a stereoscopic image enabled for a ste-
reoscopic vision using a plurality of parallax images. The
rendering processor generates a plurality of parallax images
by applying a rendering process to volume data that 1s
three-dimensional medical 1image data from a plurality of
viewpoint positions having different relative positions with
respect to the volume data. The display controller causes the
stereoscopic display apparatus to display a graphic image
that 1s an 1mage of a given graphic indicating a depth-
direction position of a cursor that 1s operable by a given
input unit in a three-dimensional stereoscopic 1image space
in which a stereoscopic image 1s displayed, together with the
parallax 1mages.

Hereinafter, embodiments of an image processing system,
an 1mage processing apparatus, and an i1mage processing
method are explained 1n detail with reference to the accom-
panying drawings. To begin with, terms used in the embodi-
ment below will be explained. A “parallax 1mage group™ 1s
a group of 1mages generated by applying a volume rendering
process to volume data while shifting viewpoint positions by
a given parallax angle. In other words, a “parallax 1mage
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group”’ includes a plurality of “parallax 1mages” each of
which has a different “viewpoint position”. A “parallax

angle” 1s an angle determined by adjacent viewpoint posi-
tions among viewpoint positions specified for generation of
the “parallax 1image group” and a given position 1n a space
represented by the volume data (e.g., the center of the
space). A “parallax number” 1s the number of “parallax
images’~ required for providing a stereoscopic vision on a
stereoscopic display monitor. A “nine-parallax image” men-
tioned below means a “parallax 1mage group” with nine
“parallax 1mages”. A “two-parallax i1mage” mentioned
below means a “parallax 1image group” with two “parallax
images’.

First Embodiment

An exemplary configuration of an 1image processing sys-
tem according to a first embodiment will now be explained.
FIG. 1 1s a schematic of an exemplary configuration of the
1mage processing system according to the first embodiment.

As 1llustrated 1n FIG. 1, an 1image processing system 1
according to the first embodiment includes a medical image
diagnostic apparatus 110, an 1mage storage apparatus 120, a
workstation 130, and a terminal apparatus 140. The appa-
ratuses whose examples are illustrated 1n FIG. 1 are com-
municative with each other directly or indirectly over an
internal local area network (LAN) 2 deployed 1n a hospital
and the like. When a picture archiving and communication
system (PACS) 1s installed on the 1image processing system
1, for example, each of the apparatuses exchanges medical
images and the like with the others based on the Digital
Imaging and Communications 1n Medicine (DICOM) stan-
dard.

Such an 1mage processing system 1 generates a parallax
image group from volume data that 1s three-dimensional
medical 1image data generated by the medical image diag-
nostic apparatus 110, and displays the parallax 1mage group
on a monitor capable of providing a stereoscopic vision. In
this manner, the 1image processing system 1 provides an
observer, such as a physician or an examiner who 1s working
in the hospital, with a stereoscopic image that 1s an 1mage
that can be stereoscopically perceived by the observer.
Specifically, 1in the first embodiment, the workstation 130
applies various i1mage processes to the volume data, to
generate a parallax 1image group. The workstation 130 and
the terminal apparatus 140 have a monitor capable of
providing a stereoscopic vision, and provide a stereoscopic
image to a user by displaying a parallax image group
generated by the workstation 130 on the monitor. The image
storage apparatus 120 stores therein volume data generated
by the medical image diagnostic apparatus 110, and a
parallax 1image group generated by the workstation 130. For
example, the workstation 130 and the terminal apparatus
140 acquire volume data or a parallax image group from the
image storage apparatus 120, and applies a given i1mage
process to the volume data or the parallax 1mage group thus
acquired, or displays the parallax image group on the
monitor. Each of these apparatuses will now be explained
one by one.

The medical 1image diagnostic apparatus 110 1s, for
example, an X-ray diagnostic apparatus, an X-ray computed
tomography (CT) apparatus, a magnetic resonance 1imaging,
(MRI) apparatus, an ultrasonic diagnostic apparatus, a
single-photon emission computed tomography (SPECT)
apparatus, a positron emission computed tomography (PET)
apparatus, an SPECT-CT apparatus in which a SPECT
apparatus and an X-ray CT apparatus are integrated, a

5

4

PET-CT apparatus in which a PET apparatus and an X-ray
CT apparatus are integrated, or a group of these apparatuses.
The medical image diagnostic apparatus 110 according to
the first embodiment 1s capable of generating three-dimen-
sional medical 1image data (volume data).

Specifically, the medical image diagnostic apparatus 110
according to the first embodiment generates volume data by
capturing 1mages of a subject. For example, the medical
image diagnostic apparatus 110 collects data such as pro-
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ing 1mages of a subject, and generates volume data by
reconstructing medical image data consisting of a plurality
of axial surfaces along a body axis of the subject from the
data thus collected. For example, when the medical image
diagnostic apparatus 110 reconstructs medical image data
consisting of five hundred axial surfaces, the medical image
data consisting of the five hundred axial surfaces will be the
volume data. The projection data or the MR signals of the
subject captured by the medical image diagnostic apparatus
110 themselves may also be used as the volume data.

The medical image diagnostic apparatus 110 according to
the first embodiment also transmits the volume data thus
generated to the image storage apparatus 120. When the
medical 1image diagnostic apparatus 110 transmits the vol-
ume data to the image storage apparatus 120, the medical
image diagnostic apparatus 110 transmits a patient ID for
identifying a patient, an examination ID for identifying an
examination, an apparatus ID for identifying the medical
image diagnostic apparatus 110, a series ID for identifying
a single 1image capturing performed by the medical image
diagnostic apparatus 110, and the like as well, as additional
information.

The 1mage storage apparatus 120 1s a database storing
therein medical 1mages. Specifically, the i1mage storage
apparatus 120 according to the first embodiment receives
volume data from the medical 1image diagnostic apparatus
110, and stores the volume data thus received 1n a given
storage umit. In the first embodiment, the workstation 130
generates a parallax 1image group from the volume data, and
transmits the parallax image group thus generated to the
image storage apparatus 120. In response, the image storage
apparatus 120 stores the parallax image group transmitted by
the workstation 130 1n a given storage unit. Alternatively,
the embodiment may be an example 1n which the worksta-
tion 130 and the image storage apparatus 120, such as those
illustrated 1n FIG. 1, are integrated, by employing the
workstation 130 capable of storing therein a large volume of
images. In other words, the embodiment may be an example
in which the volume data or the parallax 1image group 1s
stored locally 1n the workstation 130.

In the first embodiment, the volume data or the parallax
image group stored in the image storage apparatus 120 1s
stored 1n a manner associated with a patient ID, an exami-
nation ID, an apparatus ID, a series ID, and the like. The
workstation 130 or the terminal apparatus 140 1s then
allowed to perform a retrieval using a patient ID, an exami-
nation ID, an apparatus ID, a series ID, and the like, 1n order
to acquire required volume data or a parallax 1image group
from the 1mage storage apparatus 120.

The workstation 130 1s an 1mage processing apparatus
that performs 1mage processes to a medical 1mage. Specifi-
cally, the workstation 130 according to the first embodiment
generates a parallax image group by performing various
rendering processes to the volume data acquired from the
image storage apparatus 120.

The workstation 130 according to the first embodiment
includes a monitor capable of providing a stereoscopic
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vision (also referred to as a stereoscopic display monitor or
a stereoscopic 1mage display apparatus) as a display unit.
The workstation 130 generates a parallax 1image group, and
displays the parallax image group thus generated on the
stereoscopic display monitor. As a result, an operator of the
workstation 130 can perform operation for generating a
parallax 1mage group while checking a stereoscopic image
enabled for a stereoscopic vision and displayed on the
stereoscopic display monitor.

The workstation 130 also transmits a parallax i1mage
group generated thereby to the image storage apparatus 120
or the terminal apparatus 140. When the workstation 130
transmits a parallax 1mage group to the image storage
apparatus 120 or the terminal apparatus 140, the workstation
130 transmits a patient ID, an examination ID, an apparatus
ID, a series ID, and the like, as additional information. The
additional information transmitted when a parallax 1mage
group 1s transmitted to the 1image storage apparatus 120 may
include additional information related to the parallax 1image
group. The additional information related to the parallax
image group includes, for example, the number of parallax
images (e.g., “mne’), the resolution of the parallax image
(for example, “466 pixels by 350 pixels”), information
related to three-dimensional virtual space represented by the
volume data from which the parallax 1mage group 1s gen-
erated (volume space information), and information related
to the position of the subject data that 1s the data representing
a subject such as an organ included in the volume data
(subject position information).

The terminal apparatus 140 1s an apparatus for allowing a
physician or an examiner who 1s working 1n the hospital to
view the medical image. For example, the terminal appara-
tus 140 1s, for example, a personal computer (PC), a tablet
PC, a personal digital assistant (PDA), or a mobile phone
operated by a physician or an examiner who 1s working 1n
the hospital. Specifically, the terminal apparatus 140 accord-
ing to the first embodiment includes a stereoscopic display
monitor as a display unit. The terminal apparatus 140
acquires a parallax 1image group from the image storage
apparatus 120, and displays the parallax image group thus
acquired on the stereoscopic display monitor. As a result, a
physician or an examiner who 1s an observer can view a
medical 1image enabled for a stereoscopic vision. The ter-
minal apparatus 140 may also be an information processing
terminal connected to a stereoscopic display monitor that 1s
an external apparatus.

The stereoscopic display monitor included 1n the work-
station 130 or the terminal apparatus 140 will now be
explained. A common, general-purpose monitor that 1s most
widely used today displays two-dimensional 1mages two-
dimensionally, and 1s not capable of displaying a two-
dimensional 1mage stereoscopically. If an observer requests
a stereoscopic vision on the general-purpose monitor, an
apparatus outputting images to the general-purpose monitor
needs to display two-parallax 1mages 1n parallel that can be
stereoscopically perceived by the observer, using a parallel
technique or a crossed-eye technique. Alternatively, the
apparatus outputting images to the general-purpose monitor
needs to present images that can be stereoscopically per-
ceived by the observer using anaglyph, which uses a pair of
glasses having a red filter for the left eye and a blue filter for
the right eye, for example.

Some stereoscopic display monitors enable two parallax
images (also referred to as binocular parallax 1images) to be
stereoscopically perceived, by using special equipment such
as a pair of stereoscopic glasses.
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FIGS. 2A and 2B are schematics for explaining an
example of a stereoscopic display monitor providing a
stereoscopic vision using two-parallax images. The example
illustrated 1 FIGS. 2A and 2B 1s a stereoscopic display
monitor providing a stereoscopic vision using a shutter
technique. In this example, a pair of shutter glasses are used
as stereoscopic glasses worn by an observer who observes
the monitor. The stereoscopic display monitor outputs two-
parallax 1images to the monitor alternately. For example, the
monitor 1llustrated in FIG. 2A outputs an image for the left
eye and an 1mage for the right eye alternately at 120 hertz.
An infrared emitter 1s installed in the monitor, as illustrated

in FIG. 2A, and the infrared emitter controls infrared outputs
based on the timing at which the images are swapped.

The infrared output from the infrared emitter i1s received
by an 1infrared receiver provided on the shutter glasses
illustrated in FIG. 2A. A shutter 1s installed on the frame on
cach side of the shutter glasses. The shutter glasses switch
the right shutter and the left shutter between a transmissive
state and a light-blocking state alternately, based on the
timing at which the infrared receiver receives infrared. A
process of switching the shutters between the transmissive
state and the light-blocking state will now be explained.

As 1llustrated 1n FIG. 2B, each of the shutters includes an
incoming polarizer and an outgoing polarizer, and also
includes a liquid crystal layer interposed between the incom-
ing polarizer and the outgoing polarizer. The i1ncoming
polarizer and the outgoing polarizer are orthogonal to each
other, as illustrated in FIG. 2B. In an “OFF” state during
which a voltage 1s not applied as illustrated 1n FIG. 2B, the
light having passed through the incoming polarizer 1s rotated
by 90 degrees by the eflect of the liquid crystal layer, and
thus passes through the outgoing polarizer. In other words,
a shutter with no voltage applied 1s in the transmissive state.

By contrast, as illustrated 1n FIG. 2B, in an “ON” state
during which a voltage 1s applied, the polarization rotation
effect of liquid crystal molecules 1n the liquid crystal layer
1s lost. Therefore, the light having passed through the
incoming polarizer 1s blocked by the outgoing polarizer. In
other words, the shutter applied with a voltage 1s 1n the
light-blocking state.

The infrared emitter outputs inirared for a time period
while which an 1mage for the left eye 1s displayed on the
monitor, for example. During the time the infrared receiver
1s rece1ving inirared, no voltage 1s applied to the shutter for
the left eye, while a voltage 1s applied to the shutter for the
right eye. In this manner, as illustrated in FIG. 2A, the
shutter for the right eye 1s switched to the light-blocking
state and the shutter for the left eye 1s switched to the
transmissive state, thus allowing the image for the left eye
to enter the left eye of the observer. For a time period while
which an 1mage for the right eye 1s displayed on the monitor,
the infrared emitter stops outputting infrared. When the
infrared recetver receives no infrared, a voltage 1s applied to
the shutter for the left eye, while no voltage 1s applied to the
shutter for the right eye. In this manner, the shutter for the
lett eye 1s switched to the light-blocking state, and the
shutter for the right eye 1s switched to the transmissive state,
thus allowing the image for the right eye to enter the right
eye of the observer. As explained above, the stereoscopic
display monitor illustrated in FIGS. 2A and 2B provides a
stereoscopic 1mage enabled to be stereoscopically perceived
by the observer, by switching the states of the shutters in
association with the images displayed on the monitor. As a
stereoscopic display monitor being capable of enabling
two-parallax 1mage to be stereoscopically perceived, a
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monitor adopting a technique using a polarizer glasses are
also known, 1n addition to the shutter technique explained
above.

Some stereoscopic display monitors that have recently
been put into practical use allow multiple parallax 1mages,
e.g., mne-parallax 1images, to be stereoscopically viewed by
an observer with the naked eyes, by adopting a light ray
controller such as a lenticular lens. Such a stereoscopic
display monitor enables stereoscopy using the binocular
parallax, and also enables stereoscopy using moving paral-
lax, where a movie observed by an observer changes fol-
lowing the movement of the observer’s viewpoint.

FIG. 3 1s a schematic for explaining an example of a
stereoscopic display monitor providing a stereoscopic vision
using mine-parallax i1mages. In the stereoscopic display
monitor 1illustrated i FIG. 3, a light ray controller 1s
arranged on the front surface of a flat display screen 200
such as a liquid crystal panel. In the stereoscopic display
monitor illustrated 1 FIG. 3, for example, a vertical len-
ticular sheet 201 having an optical aperture extending in a
vertical direction 1s fitted on the front surface of the display
screen 200 as a light ray controller. Although the vertical
lenticular sheet 201 1s fitted so that the convex of the vertical
lenticular sheet 201 faces the front side in the example
illustrated in FIG. 3, the vertical lenticular sheet 201 may be
also fitted so that the convex faces the display screen 200.

As illustrated 1n FIG. 3, the display screen 200 has pixels
202 that are arranged 1n a matrix. Each of the pixels 202 has
an aspect ratio of 3:1, and includes three sub-pixels of red
(R), green (G), and blue (B) that are arranged vertically. The
stereoscopic display monitor illustrated in FIG. 3 converts
nine-parallax 1mages consisting of nine images into an
intermediate 1mage 1 a given format (e.g., a grid-like
format), and outputs the result to the display screen 200. In
other words, the stereoscopic display monitor 1llustrated 1n
FIG. 3 assigns and outputs nine pixels located at the same
position 1n the nine-parallax i1mages to the pixels 202
arranged 1n mine columns. The pixels 202 arranged in nine
columns function as a unit pixel group 203 that displays nine
images from different viewpoint positions at the same time.

The nine-parallax 1mages simultaneously output as the
unit pixel group 203 to the display screen 200 are radiated
with a light emitting diode (LED) backlight, for example, as
parallel rays, and ftravel further in multiple directions
through the vertical lenticular sheet 201. Light for each of
the pixels included 1n the nine-parallax 1mages 1s output in
multiple directions, whereby the light entering the right eye
and the left eye of the observer changes as the position
(viewpoint position) of the observer changes. In other
words, depending on the angle from which the observer
perceives, the parallax image entering the right eye and the
parallax 1image entering the left eye have different parallax
angles. Therefore, the observer can perceive a captured
object stereoscopically from any one of the nine positions
illustrated 1n FIG. 3, for example. At the position “5”
illustrated in FIG. 3, the observer can perceive the captured
object stereoscopically 1in an orientation in which the object
faces directly the observer. At each of the positions other
than the position “5” illustrated in FIG. 3, the observer can
perceive the captured object stereoscopically in different
orientations. The stereoscopic display monitor illustrated 1n
FIG. 3 1s merely an example. The stereoscopic display
monitor for displaying mine-parallax images may be a liquid
crystal with horizontal stripes of “RRR . . ., GGG . . .,
BBB . .. ” as illustrated 1n FIG. 3, or a liquid crystal with
vertical stripes of “RGBRGB . . . 7. The stereoscopic display
monitor 1illustrated 1n FIG. 3 may be a monitor using a
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vertical lens 1n which the lenticular sheet 1s arranged verti-
cally as illustrated in FIG. 3, or a monitor using a diagonal
lens 1n which the lenticular sheet 1s arranged diagonally.

An exemplary configuration of the image processing
system 1 according to the first embodiment 1s briefly
explained above. Applications of the 1image processing sys-
tem 1 described above are not limited to a system in which
a PACS 1s installed. For example, the image processing
system 1 may be applied 1n the same manner to a system
installed with an electronic medical record system for man-
aging electronic medical records with attachments of medi-
cal images. In such an installation, the 1mage storage appa-
ratus 120 1s a database storing therein electronic medical
records. The image processing system 1 may also be applied
in the same manner to a system in which a hospital infor-
mation system (HIS) or a radiology information system
(RIS) 1s 1installed, for example. Furthermore, the image
processing system 1 1s not limited to the exemplary con-
figuration explained above. Functions provided to each of
the apparatuses and distributions of the functions among the
apparatuses may be changed as approprate, depending on
how the system 1s operated.

An exemplary configuration of the workstation according
to the first embodiment will now be explained with reference
to FIG. 4. FIG. 4 1s a schematic for explaining an exemplary
configuration of the workstation according to the first
embodiment. In the explanation below, a “parallax 1mage
group”’ means a group of 1mages for a stereoscopic vision,
and 1s generated by applying a volume rendering process to
volume data. A “parallax 1mage” means each of the 1mages
included 1n a “parallax 1image group”. In other words, a
“parallax 1mage group” consists of a plurality of “parallax
images’” each having a different viewpoint position.

The workstation 130 according to the first embodiment 1s
a high-performance computer suitable for applications such
as 1mage processing, and includes an mput umt 131, a
display unit 132, a commumnicating unit 133, a storage unit
134, a controller 135, and a rendering processor 136, as
illustrated 1n FIG. 4. In the explanation below, the worksta-
tion 130 1s explained to be a high-performance computer
suitable for applications such as 1mage processing, but i1s not
limited thereto. The workstation 130 may be any type of
information processing apparatuses, and may be any type of
personal computers, for example.

The 1input unit 131 1s a mouse, a keyboard, a trackball, or
the like, and receives mputs of various operations for the
workstation 130 from an operator. Specifically, the input unit
131 according to the first embodiment receives inputs of
information for acquiring volume data to be applied with a
rendering process from the 1mage storage apparatus 120. For
example, the input unit 131 receives mputs of a patient 1D,
an examination ID, an apparatus ID, and a series 1D, for
example. The mput unit 131 according to the first embodi-
ment also receives inputs of conditions related to the ren-
dering process (hereinafter referred to as a rendering con-
dition).

The display umit 132 1s a liquid crystal panel, for example,
as a stereoscopic display monitor, and displays various types
of mnformation. Specifically, the display unit 132 according
to the first embodiment displays a graphical user interface
(GUI) for receiving various operations from an operator, a
parallax image group, and the like. The communicating unit
133 1s a network interface card (NIC), for example, and
establishes communications with other apparatuses.

The storage umit 134 1s a hard disk, a semiconductor
memory element, and the like, and stores therein various
types of information. Specifically, the storage unit 134
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according to the first embodiment stores therein volume data
acquired from the image storage apparatus 120 via the
communicating unit 133. The storage unit 134 according to
the first embodiment also stores therein volume data applied
with a rendering process, and a parallax 1mage group gen-
erated by the rendering process, for example.

The controller 135 1s an electronic circuit such as a central
processing unit (CPU), a micro processing unit (MPU), or a
graphics processing unit (GPU), or an integrated circuit such
as an application specific integrated circuit (ASIC) or a field
programmable gate array (FPGA), and controls the entire
workstation 130.

For example, the controller 135 according to the first
embodiment controls to display a GUI or a parallax image
group on the display unit 132. For example, the controller
135 also controls transmissions and receptions of volume
data or a parallax 1mage group to and from the 1image storage
apparatus 120 via the communicating unit 133. For example,
the controller 135 also controls a rendering process per-
formed by the rendering processor 136. For example, the
controller 135 also controls to read volume data from the
storage umt 134, and to store a parallax 1mage group 1n the
storage unit 134.

The rendering processor 136 applies various rendering
processes to volume data acquired from the image storage
apparatus 120, and generates a parallax 1image group under
the control of the controller 135. Specifically, the rendering
processor 136 according to the first embodiment reads
volume data from the storage unmit 134, and applies a
pre-process to the volume data. The rendering processor 136
then generate a parallax 1mage group by applying a volume
rendering process to the volume data applied with the
pre-process. The rendering processor 136 then generates a
two-dimensional 1mage 1n which various types of informa-
tion (e.g., a scale, a patient name, and a checkup item) are
represented, and superimposes the two-dimensional 1mage
over each one of the parallax image group to generate
two-dimensional 1mages to be output. The rendering pro-
cessor 136 stores the parallax 1mage group and the two-
dimensional 1mages to be output thus generated in the
storage unit 134. In the first embodiment, a rendering
process means the entire 1mage processing applied to the
volume data. A volume rendering process, which 1s included
in the rendering process, means a process of generating a
two-dimensional 1mage reflected with three-dimensional
information. A medical 1image generated in the rendering
process corresponds to a parallax 1mage, for example.

FIG. § 1s a schematic for explaining an exemplary con-
figuration of the rendering processor illustrated in FIG. 4. As
illustrated 1n FIG. 5, the rendering processor 136 includes a
pre-processor 1361, a three-dimensional 1mage processor
1362, and a two-dimensional image processor 1363. The
pre-processor 1361 applies a pre-process to the volume data.
The three-dimensional 1image processor 1362 generates a
parallax image group from the volume data applied with the
pre-process. The two-dimensional image processor 1363
generates a two-dimensional 1image to be output in which the
various types of information are superimposed over the
parallax 1mage group. Each of these components will be
described below.

The pre-processor 1361 1s a processing unit for applying
various pre-processes to the volume data when the rendering
process 1s applied to the volume data, and includes an 1image
correction processor 1361a, a three-dimensional object fus-
ing module 1361e, a three-dimensional object displayed
region setting module 1361/
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The 1mage correction processor 1361a 1s a processing unit
for performing an 1mage correcting process before handling
two types of volume data as a single piece of volume data,
and 1ncludes a distortion correction processor 13615, a body
movement correction processor 1361c, and an 1mage regis-
tration processor 1361d, as illustrated in FIG. 5. For
example, the 1image correction processor 1361a performs an
image correcting process when volume data of a PET image
and volume data of an X-ray CT image both of which are
generated by a PET-CT apparatus are to be handled as a
single piece of data. As another example, the 1mage correc-
tion processor 1361a performs an 1image correcting process
when volume data of a T1 emphasized image and volume
data of a T2 emphasized image both of which are generated
by an MRI apparatus are to be handled as a single piece of
volume data.

The distortion correction processor 13615 corrects distor-
tion 1 each piece of volume data caused by collection
conditions under which the data 1s collected by the medical
image diagnostic apparatus 110. The body movement cor-
rection processor 1361c¢ corrects a movement 1n data caused
by a body movement of the subject occurred when the data
used 1n generating each piece of volume data 1s collected.
The 1mage registration processor 1361d performs registra-
tion between two pieces of volume data applied with the
correcting processes performed by the distortion correction
processor 13615 and the body movement correction proces-
sor 1361c¢, using a cross correlation method, for example.

The three-dimensional object fusing module 1361e fuses
the pieces of volume data registered with respect to each
other by the 1mage registration processor 1361d. The pro-
cesses performed by the image correction processor 1361a
and the three-dimensional object fusing module 1361e are
omitted when the rendering process 1s performed to a single
piece of volume data.

The three-dimensional object displayed region setting
module 13611 1s a processing unit for defining a region to be
displayed corresponding to an organ to be displayed desig-
nated by an operator, and includes a segmentation processor
1361¢. The segmentation processor 1361g 1s a processing
unit for extracting an organ such as a heart, a lung, or a blood
vessel designated by an operator, by performing region
growing, for example, based on pixel values (voxel values)
in the volume data, for example.

When any organ to be displayed 1s not designated by an
operator, the segmentation processor 1361g does not per-
form the segmenting process. When an operator specifies an
organ to be displayed in plurality, the segmentation proces-
sor 1361¢g extracts these organs. The process performed by
the segmentation processor 1361g may be performed again
when an operator looking at the rendering 1mage makes a
request for fine adjustment.

The three-dimensional 1image processor 1362 performs a
volume rendering process to the volume data applied with
the pre-process of the pre-processor 1361. The three-dimen-
sional 1mage processor 1362 includes a projection method
setting module 1362a, a three-dimensional geometry con-
version processor 13625, a three-dimensional object appear-
ance processor 1362/, and a three-dimensional virtual space
rendering module 13624, as processing units for performing
a volume rendering process.

The projection method setting module 1362a determines
a projection method used 1n generating a parallax 1mage
group. For example, the projection method setting module
1362a determines 1f the volume rendering process 1s to be
performed using parallel projection, or performed using
perspective projection.
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The three-dimensional geometry conversion processor
13625 1s a processing unit for determining information for
three-dimensional-geometrically converting the volume
data to be applied with the volume rendering process, and
includes a parallel movement processor 1362¢, a rotation
processor 13624, and an enlargement-reduction processor
1362¢. The parallel movement processor 1362¢ 1s a pro-
cessing unit for determining the amount of movement by
which the volume data 1s to be moved 1n parallel when the
viewpoint position used 1n the volume rendering process 1s
moved 1n parallel. The rotation processor 1362d 1s a pro-
cessing unit for determining the amount of movement by
which the volume data 1s to be moved rotationally when the
viewpoint position used 1n the volume rendering process 1s
moved rotationally. The enlargement-reduction processor
1362¢ 1s a processing unit for determining an enlargement
ratio or a reduction ratio of the volume data when an
enlargement or a reduction of the parallax 1image group 1is
requested.

5
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15

The three-dimensional object appearance processor 1362/ 20

includes a three-dimensional object color processor 1362g,
a three-dimensional object opacity processor 1362/, a three-
dimensional object material processor 1362i, and a three-
dimensional virtual space light source processor 1362;. The
three-dimensional object appearance processor 1362f per-
forms a process of determining conditions for displaying a
parallax 1image group to be displayed using these processing
units, based on an operator request, for example.

The three-dimensional object color processor 1362g 1s a
processing unit for determining the color applied to each of
the regions segmented in the volume data. The three-
dimensional object opacity processor 1362/ 1s a processing
unit for determinming opacity of each voxel included 1n each
of the regions in the volume data. A region behind another
region 1n which the opacity i1s set to “100 percent” in the
volume data 1s not represented 1n a parallax image group. A
region in which the opacity 1s set to “0 percent” in the
volume data 1s not represented as well 1n a parallax 1image
group.

The three-dimensional object material processor 1362; 1s
a processing unit for adjusting the texture in which each of
the regions segmented 1n the volume data 1s represented, by
determining a material for each segment 1n the volume data.
The three-dimensional virtual space light source processor
13627 1s a processing unit for determining the position of a
virtual light source or the type of the virtual light source set
in the three-dimensional virtual space before applying a
volume rendering process to the volume data. Examples of
types of the wvirtual light source include a light source
emitting parallel light rays from the infinity, and a light
source emitting radial light rays from a viewpoint.

The three-dimensional virtual space rendering module
13624 generates a parallax image group by applying a
volume rendering process to the volume data. In performing
a volume rendering process, the three-dimensional virtual
space rendering module 13624 uses various types of infor-
mation determined by the projection method setting module
1362a, the three-dimensional geometry conversion proces-
sor 13626, and the three-dimensional object appearance
processor 13621

The three-dimensional virtual space rendering module
13624 performs a volume rendering process in accordance
with rendering conditions. An example of the rendering
condition 1s “parallel projection” or “perspective projec-
tion”. Other examples of the rendering condition include “a
reference viewpoint position and a parallax angle”. Other
examples of the rendering condition include “a parallel
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movement of the viewpoint position”, “a rotational move-
ment of the viewpoint position”, “an enlargement of the
parallax 1mage group”, and “a reduction of the parallax
image group’’. Other examples of the rendering condition
include ““a color to be applied”, “transparency”, “the tex-
ture”, “the position of the virtual light source”, and *“the type
of the virtual light source”. Such rendering conditions may
be received from an operator via the input unit 131, or
preconfigured as an 1nitial setting. In either case, the three-
dimensional virtual space rendering module 13624 receives
rendering conditions from the controller 135, and applies a
volume rendering process to the volume data 1n accordance
with the rendering conditions. The projection method setting
module 1362a, the three-dimensional geometry conversion
processor 13625, and the three-dimensional object appear-
ance processor 1362/ determine various types of information
required in the rendering conditions, and the three-dimen-
sional virtual space rendering module 13624 generates a
parallax 1image group using the various types of information.

FIG. 6 1s a schematic for explaining an example of the
volume rendering process according to the first embodiment.
For example, 1t 1s assumed herein that the three-dimensional
virtual space rendering module 13624 receives parallel pro-
jection, and further receives a reference viewpoint position
(5) and a parallax angle of “one degree” as rendering
conditions, as illustrated 1n a “nine-parallax 1mage generat-
ing method (1)” 1n FIG. 6. In such a case, the three-
dimensional virtual space rendering module 13624 generates
nine parallax images, each having a parallax angle (angle
between the lines of sight) shifted by one degree, by parallel
projection, by moving the viewpoint position from (1) to (9)
in such a way that the parallax angle 1s set 1n every “one
degree”. Belore performing parallel projection, the three-
dimensional virtual space rendering module 13624 sets a
light source radiating parallel light rays from the infinity
along the line of sight.

As another example, 1t 1s assumed that the three-dimen-
sional virtual space rendering module 13624 receives per-
spective projection, and further receives a reference view-
point position (5) and a parallax angle of “one degree” as
rendering conditions, as illustrated 1n “nine-parallax image
generating method (2)” in FIG. 6. In such a case, the
three-dimensional virtual space rendering module 13624
generates nine parallax images, each having a parallax angle
shifted by one degree, by perspective projection, by moving
the viewpoint position from (1) to (9) around the center (the
center of gravity) of the volume data in such a way that the
parallax angle 1s set 1n every “one degree”. Before perform-
ing perspective projection, the three-dimensional virtual
space rendering module 13624 sets a point light source or a
surface light source radiating light three-dimensionally
about the line of sight, for each of the viewpoints. Alterna-
tively, when perspective projection 1s to be performed, the
viewpoints (1) to (9) may be shifted in parallel depending on
rendering conditions.

The three-dimensional virtual space rendering module
13624 may also perform a volume rendering process using
both parallel projection and perspective projection, by set-
ting a light source radiating light two-dimensionally, radially
centering on the line of sight for the vertical direction of the
volume rendering image to be displayed, and radiating
parallel light rays from the infinity along the line of sight for
the horizontal direction of the volume rendering image to be
displayed.

The nine parallax 1mages thus generated correspond to a
parallax image group. In the first embodiment, the controller
135 then converts these nine parallax 1mages into an inter-
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mediate 1mage 1 which these parallax images are arranged
in a predetermined format (e.g., a grid-like format), for
example, and the intermediate 1mage 1s output to the display
unit 132 being a stereoscopic display monitor. An operator
of the workstation 130 1s then allowed to make operations
for generating a parallax 1mage group while checking a
stereoscopic medical 1image displayed on the stereoscopic
display monitor.

Explained in the example illustrated in FIG. 6 1s an
example 1n which a projection method, a reference view-
point position, and a parallax angle are received as rendering
conditions. When other conditions are received as rendering
conditions, the three-dimensional virtual space rendering
module 13624 generates a parallax 1image group reflected
with each of the rendering conditions.

The three-dimensional virtual space rendering module
13624 not only has a function of performing a volume
rendering, but also has a function of reconstructing a multi-
planer reconstruction (MPR) 1mage by performing a multi-
planer reconstruction. The three-dimensional virtual space
rendering module 13624 also has a function of performing a
“curved MPR” and a function of performing “intensity
projection”.

The parallax 1mage group generated from the volume data
by the three-dimensional 1image processor 1362 1s used as an
underlay. An overlay in which various types of information
(e.g., a scale, a patient name, and a checkup item) are
represented 1s superimposed over the underlay, whereby
creating a two-dimensional image to be output. The two-
dimensional 1image processor 1363 1s a processing unit for
generating a two-dimensional 1image to be output by per-
forming 1mage processes to the overlay and the underlay,
and 1ncludes a two-dimensional object drawing module
1363a, a two-dimensional geometry converting processor
13635, and a luminance controller 1363¢, as illustrated 1n
FIG. 5. For example, the two-dimensional image processor
1363 generates nine two-dimensional 1images to be output by
superimposing a single overlay to each one of nine parallax
images (underlays), so that the load required 1n the process
of generating two-dimensional i1mage to be output 1is
reduced. In the explanation below, an underlay on which an
overlay 1s superimposed 1s sometimes simply referred to as
a “parallax 1image”.

The two-dimensional object drawing module 1363a 1s a
processing unit for drawing various types of information that
1s to be represented in the overlay. The two-dimensional
geometry converting processor 13635 1s a processing unit
that applies a process of moving the position of the various
types of information represented 1n the overlay in parallel or
rotationally, and a process of enlarging or reducing the
various types of imnformation represented in the overlay.

The luminance controller 1363¢ 1s a processing unit for
performing a luminance conversion process, and 1s a pro-
cessing unit for adjusting the luminance of the overlay and
the underlay 1n accordance with the gradation of the stereo-
scopic display monitor over which the parallax 1mages are
output, and in accordance with parameters for 1mage pro-
cesses such as the window width (WW) and the window
level (WL), for example.

The controller 135 stores the two-dimensional 1images to
be output thus generated 1n the storage unit 134, and
transmits the two-dimensional images to be output to the
image storage apparatus 120 via the communicating unit
133, for example. The terminal apparatus 140 then acquires
two-dimensional 1mages to be output from the 1mage storage
apparatus 120, converts the two-dimensional 1images to be
output 1nto an intermediate 1mage in which these two-
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dimensional 1mages are arranged in a given format (e.g., a
grid-like format), and displays the intermediate 1mage on the
stereoscopic display monitor, for example. Alternatively, the
controller 135 stores the two-dimensional i1mages to be
output in the storage unit 134, transmits the two-dimensional
images to be output not only to the image storage apparatus
120 but also to the terminal apparatus 140 via the commu-
nicating unit 133. The terminal apparatus 140 then converts
the two-dimensional 1mages to be output received from the
workstation 130 into an intermediate 1image in which these
two-dimensional images are arranged 1n a given format (e.g.,
a grid-like format), and displays the intermediate 1image on
a stereoscopic display monitor, for example. In this manner,
a physician or an examiner using the terminal apparatus 140
can view a stereoscopic medical image i which various
types of information (e.g., a scale, a patient name, and a
checkup 1tem) are represented.

As described above, the terminal apparatus 140 displays
a stereoscopic 1image that can be stereoscopically perceived
by an observer on a stereoscopic display monitor using a
plurality of parallax images. At this time, the terminal
apparatus 140 displays a cursor, which can be operated using
a pointing device such as a mouse, along with the stereo-
scopic 1mage. Such a cursor can be moved three-dimension-
ally within a three-dimensional space where the stereoscopic
image 1s displayed (hereinafter also referred to as a “stereo-
scopic 1mage space”). For example, an observer specifies a
region of interest (ROI) by moving a cursor and designating
a given region in the stereoscopic image. A stereoscopic
image space 1s generally 1s formed as a space representing
a space 1n front of and behind the display surface of a
stereoscopic display momnitor 142.

There are some cases where an observer has difhiculty
recognizing the depth-direction position of the cursor dis-
played along with a stereoscopic image. This point will now
be explained specifically with reference to FIG. 7. FIG. 7 1s
a schematic illustrating an example of a stereoscopic 1image
displayed on a stereoscopic display monitor. In the example
illustrated in FIG. 7, a cursor C10 and a stereoscopic image
[10 are displayed on the stereoscopic display monitor 142
provided to the terminal apparatus 140. Although the ste-
reoscopic 1image 110 1s illustrated three-dimensionally on a
two-dimensional surface 1n FIG. 7, FIG. 7 suggests that the
stereoscopic 1mage I10 1s displayed stereoscopically 1n a
stereoscopic 1mage space that 1s a three-dimensional space.

As 1llustrated in the example 1n FIG. 7, the position of the
cursor C10 1n the depth direction (1n the z-direction in FIG.
7) of a stereoscopic 1image space 1s diflicult to recognize
when the stereoscopic image 110 and the cursor C10 are
displayed on the stereoscopic display monitor 142. For
example, the cursor C10 illustrated in FIG. 7 can be per-
ceived as being displayed at a position between a front
surface 110a and a rear surface 11056 of the stereoscopic
image 110, as being displayed 1n front of the front surface
[10a (1n a direction moving closer to the observer), or as
being displayed further behind the rear surface 11056 (in a
direction moving away from the observer). In this manner,
the observer has difliculty recognizing the position of the
cursor C10.

In response to this 1ssue, the terminal apparatus 140 1n the
first embodiment generates an 1mage of a given graphic
indicating the position of the cursor 1n the depth direction 1n
a stereoscopic 1mage space, and superimposes the graphic
image over a plurality of parallax 1mages generated by the
rendering processor 136, before displaying the parallax
images on the stereoscopic display monitor 142. In this
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manner, the terminal apparatus 140 1n the first embodiment
enables the observer to recognize the position of the cursor
in the depth direction.

The terminal apparatus 140 in the first embodiment will
be explained below in detail. FIG. 8 1s a schematic for
explaiming an exemplary configuration of the terminal appa-
ratus 140 1n the first embodiment. As illustrated in the
example 1n FIG. 8, the terminal apparatus 140 in the first
embodiment includes an mput unit 141, the stereoscopic
display momitor 142, a communicating unit 143, a storage
unit 144, and a controller 145.

The mput unit 141 1s a pointing device such as a mouse
or a trackball, or an information iput device such as a
keyboard, and receives inputs of various operations to the
terminal apparatus 140 from an operator. For example, the
input unit 141 receives inputs such as a patient ID, an
examination ID, an apparatus ID, and a series ID {for
designating volume data requested to be stereoscopically
displayed by the operator, as a stereoscopic vision request.
The mput unit 141 also receives an operation for moving a
cursor displayed on the stereoscopic display monitor 142 via
a mouse, for example.

The stereoscopic display monitor 142 1s a liquid crystal
panel, for example, being a stereoscopic display momnitor,
and displays various types of information. Specifically, the
stereoscopic display monitor 142 according to the first
embodiment displays a GUI for receiving various operations
from an operator, a parallax image group, and the like. For
example, the stereoscopic display monitor 142 1s a stereo-
scopic display monitor explained with reference to FIGS.
2A and 2B (hereinafter referred to as a two-parallax moni-
tor), or a stereoscopic display monitor explained with ref-
erence to FIG. 6 (hereinafter referred to as a mine parallax
monitor). Explained below 1s an example in which the
stereoscopic display monitor 142 1s a nine parallax monitor.

The commumnicating unit 143 1s a NIC, for example, and
establishes communications with other apparatuses. Specifi-
cally, the communicating unit 143 according to the first
embodiment transmits a stereoscopic vision request received
by the input unit 141 to the 1image storage apparatus 120. The
communicating unit 143 according to the first embodiment
also receives a parallax 1mage group transmitted by the
image storage apparatus 120, 1n response to a stereoscopic
vision request.

The storage umt 144 1s a hard disk, a semiconductor
memory element, and the like, and stores therein various
types of information. Specifically, the storage unit 144
according to the first embodiment stores therein the parallax
image group acquired from the image storage apparatus 120
via the communicating unit 143. The storage unit 144 also
stores therein additional information of the parallax 1mage
group (e.g., a parallax number, resolution, volume space
information, and subject position information) acquired
from the image storage apparatus 120 via the communicat-
ing unit 143.

The controller 145 1s an electronic circuit such as a CPU,
an MPU, and a GPU, or an integrated circuit such as an
ASIC and an FPGA, and controls the entire terminal appa-
ratus 140. For example, the controller 145 controls trans-
mitting and receiving a stereoscopic vision request or a
parallax 1mage group to and from the 1image storage appa-
ratus 120 via the communicating unit 143. As another
example, the controller 145 controls storing a parallax image
group 1n the storage unit 144, and reading a parallax image
group from the storage unit 144. As another example, the
controller 145 superimposes an 1image (overlay) of a cursor
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operable using the mput unit 141 such as a pointing device
over a parallax image group (underlay) received from the
image storage apparatus 120.

As 1llustrated 1n the example 1n FIG. 8, the controller 145
includes an operation controller 1451, a graphic image
generator 1452, and a display controller 1453, and enables
a depth-direction position pointed by the cursor to be
recognized more easily, through processes performed by
these processing units.

The operation controller 1451 performs various processes
based on various operations recerved by the input unit 141.
For example, when the input unit 141 receives an input of a
stereoscopic vision request, the operation controller 1451
transmits a stereoscopic vision request to the workstation
130 via the communicating unit 143.

When the mput unit 141 such as a pointing device 1s
operated, the operation controller 1451 controls the position
of the cursor displayed on the stereoscopic display monitor
142. The operation controller 1451 1n the first embodiment
manages the three-dimensional position of the cursor 1n a
three-dimensional space represented by the same coordinate
system as the volume data from which the parallax image
group 1s generated. Hereinafter, the three-dimensional space
in which the three-dimensional position of the cursor 1s
managed by the operation controller 1451 1s sometimes
referred to as a “cursor virtual space”.

Specifically, as mentioned earlier, the terminal apparatus
140 acquires volume space information related to the three-
dimensional space represented by the volume data from
which the parallax 1mage group 1s generated, from the image
storage apparatus 120, as additional information related to
the parallax 1image group. The operation controller 1451
manages the three-dimensional position of the cursor 1n a
cursor virtual space represented by the same coordinate
system as the three-dimensional space represented by the
volume space information. The operation controller 1451
then moves the cursor in the cursor virtual space when an
operation for moving the cursor 1s performed using the input
unit 141. As to be described later, the display controller 1453
generates three-dimensional image data by plotting an 1image
of the cursor i the cursor virtual space, and generates an
overlay that i1s an 1mage of the cursor from the three-
dimensional 1image data thus generated. The operation con-
troller 1451 then superimposes the overlay over the parallax
image group, and controls to display the result on the
stereoscopic display monitor 142.

The graphic 1mage generator 1452 generates a graphic
image that 1s an 1mage of a given graphic indicating the
position of the cursor operable with the input unit 141 1n the
stereoscopic 1mage space 1n which the stereoscopic 1image 1s
displayed on the stereoscopic display monitor 142. The
graphic 1mage generated by the graphic image generator
1452 1n the first embodiment includes an 1mage of the cursor
and a graphic 1image representing the position of the cursor
in the depth direction. This “graphic image” will be used as
an overlay to be superimposed over a parallax 1mage group
(underlay) acquired from the image storage apparatus 120.

The process performed by the graphic 1image generator
1452 will now be explained specifically. To begin with, the
graphic 1mage generator 1452 acquires the position of the
cursor 1n the cursor virtual space from the operation con-
troller 1451. The graphic 1image generator 1452 plots the
image data of the cursor to the position thus acquired in the
cursor virtual space, and plots the 1mage data of a graphic
indicating the position of the cursor to a given position 1n the
cursor virtual space, whereby generating “three-dimensional
graphic data” that 1s three-dimensional image data. The



US 9,542,771 B2

17

graphic 1mage generator 1452 then generates a plurality of
graphic 1mages by performing a volume rendering process to
the three-dimensional graphic data from a plurality of view-
point positions. Upon performing the volume rendering
process, the graphic 1image generator 1452 uses the same
viewpoint positions as those used in generating the parallax
image group. For example, the rendering processor 136
generates a plurality of parallax 1mages by performing a
rendering process from a plurality of viewpoint positions
that are different relatively with respect to the volume data,
e.g., by rotating the volume data while keeping the view-
point positions and the line of sight fixed, or by changing the
viewpoint positions and the line of sight while keeping the
volume data fixed. The graphic 1mage generator 1452 per-
forms the volume rendering process to the three-dimensional
graphic data from a plurality of viewpoint positions that are
different relatively with respect to the three-dimensional
graphic data, in the same manner as the viewpoint positions
used by the rendering processor 136 in generating the
parallax 1image group.

The graphic image generator 1452 1n the first embodiment
generates three-dimensional graphic data by plotting image
data of a line, a two-dimensional plane, or the like as a
graphic indicating the cursor position, on a plane at the same
depth-direction position as the cursor 1n the cursor virtual
space.

Specifically, the graphic image generator 1452 1dentifies
a region where subject data 1s present in the three-dimen-
sional virtual space 1n which the volume data, from which
the parallax 1mage group i1s generated, 1s placed, based on
the subject position information acquired from the image
storage apparatus 120, and 1dentifies a region of the cursor
virtual space corresponding to the region thus i1dentified. In
other words, although the cursor virtual space has no subject
data, the graphic image generator 1452 identifies a region
corresponding to the region where the subject data 1s present
in the cursor virtual space, using the subject position infor-
mation.

The graphic image generator 1452 1n the first embodiment
then generates three-dimensional graphic data by plotting
image data of a line connecting the region where the subject
data 1s present and a position pointed by the cursor on a
plane at the same depth-direction position as the cursor in
the cursor virtual space, for example. Alternatively, the
graphic 1mage generator 1452 generates the three-dimen-
sional graphic data by plotting 1image data of a two-dimen-
sional plane including a part of or the entire region where the
subject data 1s present and the position pointed by the cursor
on a plane at the same depth-direction position as the cursor
in the cursor virtual space, for example. The graphic image
generator 1452 1n the first embodiment then generates a
plurality of graphic images by performing a volume render-
ing process to the three-dimensional graphic data including
the 1mage data of the line or the two-dimensional plane.

The display controller 1453 superimposes the graphic
images generated by the graphic image generator 1452 over
the parallax 1mage group acquired from the image storage
apparatus 120, and displays superimposed 1mages in which
these 1mages are superimposed on the stereoscopic display
monitor 142. Specifically, the display controller 1453 gen-
erates superimposed 1mages in which, over the parallax
images generated by the rendering processor 136, the
respective graphic images generated by the graphic image
generator 1452 and having a matched viewpoint position are
superimposed. The display controller 1453 then displays the
superimposed i1mages thus generated on the stereoscopic
display monitor 142.
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Processes performed by the graphic image generator 1452
and the display controller 1453 will now be explained 1n
detail with reference to FIGS. 9A to 11. FIGS. 9A to 11 are
schematics for explaining the process performed by the
controller 145 1n the first embodiment. To begin with,
explained with reference to FIGS. 9A, 9B, and 10 1s an
example 1n which a line 1s displayed as a graphic indicating
the cursor position.

In the example illustrated 1n FIG. 9A, 1t 1s assumed that
the rendering processor 136 in the workstation 130 generates
nine parallax images Ull to U19 by applying a rendering
process to the volume data VD10 from a plurality of
viewpoint positions. The volume data VD10 includes sub-
ject data VD11 that 1s data representing an organ and the like
of a subject. Such subject data VD11 corresponds to the
stereoscopic 1mage 110 illustrated as an example 1n FIG. 7.
Data other than the subject data VD11 included in the
volume data VD10 indicates things other than the subject,
such as the air.

The workstation 130 stores the nine parallax 1images Ull
to U19 thus generated 1n the image storage apparatus 120,
and the terminal apparatus 140 acquires the parallax images
Ull to U19 from the image storage apparatus 120. The
operation controller 1451 1n the terminal apparatus 140
manages the three-dimensional position of the cursor 1n a
cursor virtual space SP10 represented by the same coordi-
nate system as the volume data VD10, in the same manner
as the example illustrated 1n FIG. 9B. The graphic image
generator 1452 1n the first embodiment acquires the position
of the cursor in the cursor virtual space from the operation
controller 1451, and plots 1mage data D11 of the cursor to
the position thus acquired, and positions 1image data D12 of
a line on a plane SP11 at the same depth-direction position
as the cursor within the cursor virtual space SP10.

At this time, the graphic 1image generator 1452 1dentifies
a region corresponding to the subject data present in the
three-dimensional virtual space of the volume data, and
identifies the region corresponding to the region thus i1den-
tified 1n the cursor virtual space SP10, based on subject
position information acquired from the 1image storage appa-
ratus 120. The graphic image generator 1452 generates the
three-dimensional graphic data by plotting the image data
D12 of a line connecting a region A13 where the subject data
1s present and the position pointed by the cursor on the plane
SP11 1n the cursor virtual space, as illustrated in FIG. 9B as
an example.

The shape of the line represented by the image data D12
1s not limited to the example illustrated 1n FIG. 9B. The
graphic image generator 1452 may plot any line in any shape
on the plane SP11, as long as the line connects the cursor and
the subject. For example, the graphic image generator 1452
may plot the image data D12 of a line passing through the
position pointed by the cursor and the center or the center of
gravity of the region A13 on the plane SP11.

The graphic 1image generator 1452 then generates graphic
images O11 to O19 by performing a volume rendering
process to the three-dimensional graphic data plotted with
the 1image data D11 and the image data D12. In performing
the rendering process, the graphic image generator 14352
uses the same rendering conditions (e.g., the viewpoint
positions, the parallax angle, and the parallax number) as
those used when the rendering process 1s performed to the
volume data VD10 by the rendering processor 136. In the
example 1llustrated in FIGS. 9A and 9B, among parallax
images U “N (where, N 1s 11 to 19)” and graphic images O
“N (where, N 1s 11 to 19)”, the images having the same N
are generated as a result of rendering processes performed
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under the same rendering conditions. For example, the
parallax image Ull and the graphic image O11 are gener-
ated as a result of the rendering process performed under the
same rendering conditions.

The display controller 1453 generates superimposed
images 1n which, over the parallax images Ull to U19
generated by the rendering processor 136, the respective
graphic images O11 to O19 generated by the graphic image
generator 1452 and having a matched viewpoint position are
superimposed, and displays the superimposed 1images thus
generated on the stereoscopic display momitor 142. To
explain using the example illustrated in FIGS. 9A and 9B,
the display controller 1453 generates a superimposed 1image
in which the graphic image O11 1s superimposed over the
parallax image Ull. In the same manner, the display con-
troller 1453 generates superimposed 1mages in which, over
the parallax 1mage Ul2 to U19, the respective graphic
images 012 to O19 having a matched viewpoint position are
superimposed. The display controller 1453 then displays the
nine superimposed images thus generated on the stereo-
scopic display monitor 142. In this manner, the nine super-
imposed 1mages are displayed on the stereoscopic display
monitor 142. As a result, a stereoscopic image enabled to be
stereoscopically percerved by an observer 1s displayed.

Specifically, the stereoscopic display monitor 142 dis-
plays the cursor C10 together with the stereoscopic image
110 of the subject, as illustrated in FIG. 10. The stereoscopic
display monitor 142 also displays a line image 111 connect-
ing the position pointed by the cursor C10 and the stereo-
scopic 1image I10. The line image I11 corresponds to the
image data D12 of the line illustrated 1n FIG. 9B, and 1s
displayed on a plane at the same depth-direction position as
the cursor C10 1n the stereoscopic image space. Because the
line 1image I11 connects the position pointed by the cursor
C10 and the stereoscopic image 110, the observer observing
the stereoscopic display monitor 142 illustrated as an
example 1 FIG. 10 can recognize the depth-direction posi-
tion of the cursor O10. Specifically, by observing an inter-
section P11 or an intersection P12 between the line image
[11 and the stereoscopic image 110, the observer can rec-
ognize the depth-direction position of the cursor C10 using
the stereoscopic 1image 110 as a reference.

Described above 1s an example 1n which the terminal
apparatus 140 displays the line image 111 connecting the
cursor C10 and the stereoscopic image 110 indicating the
subject. Alternatively, the terminal apparatus 140 may dis-
play a line such as a segment or a half line connecting the
cursor C10 and the stereoscopic 1image 110 indicating the
subject.

In the example illustrated 1n FIGS. 9A, 9B and, 10, the
graphic 1mage generator 1452 generates three-dimensional
graphic data by plotting the image data D12 representing a
line on the plane SP11. Alternatively, the graphic image
generator 1452 may generate three-dimensional graphic data
by plotting 1image data of a two-dimensional plane having a
given size on the plane SP11. In such a case, 1n the example
illustrated 1n FIG. 9B, the graphic image generator 1452
generates three-dimensional graphic data by plotting image
data of a two-dimensional plane on the plane SP11 in the
cursor virtual space SP10. For example, the graphic image
generator 1452 generates three-dimensional graphic data by
plotting 1mage data of a two-dimensional plane including a
part of or the entire region A13 where the subject data 1s
present and the position pointed by the cursor on the plane
SP11 1n the cursor virtual space.

The display controller 1453 generates nine superimposed
images 1n which, over the parallax images Ull to U19
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generated by the rendering processor 136, respective graphic
images generated by the graphic image generator 1452 and
having a matched viewpoint position are superimposed, and
displays the nine superimposed 1images thus generated on the
stereoscopic display monitor 142, in the same manner as in
the example 1llustrated 1n FIGS. 9A and 9B. In this manner,
a stereoscopic 1mage 1s displayed on the stereoscopic display
monitor 142 using the nine superimposed 1mages.

Specifically, the stereoscopic display monitor 142 dis-
plays the cursor C10 together with the stereoscopic image
110 representing the subject, as illustrated in FIG. 11. The
stereoscopic display momitor 142 also displays a plane
image 121 including the position pointed by the cursor C10
and the stereoscopic image 110. The plane image 121 1s
displayed on a plane at the same depth-direction position as
the cursor C10 1n the stereoscopic image space, as men-
tioned earlier. Because the plane image 121 includes the
position pointed by the cursor C10 and the stereoscopic
image 110, an observer observing the stereoscopic display
monitor 142 illustrated as an example 1n FIG. 11 can
recognize the depth-direction position of the cursor C10.
Specifically, by observing an intersecting line P20, for
example, between the cursor C10 and the stereoscopic
image 110, the observer can recognmize the depth-direction
position of the cursor C10 using the stereoscopic image 110
as a reference.

The graphic 1mage generator 1452 and the display con-
troller 1453 described above perform the process of display-
ing a graphic image (the line 1mage 111 or the plane 1image
121) indicating the depth-direction position of the cursor
every time the cursor 1s moved. In other words, in the
example 1llustrated 1n FIGS. 10 and 11, the line image 111 or
the plane 1mage 121 1s moved as the cursor 1s moved.

A process performed by the terminal apparatus 140 1n the
first embodiment will now be explained with reference to
FIG. 12. FIG. 12 1s a flowchart 1llustrating an example of the
process performed by the terminal apparatus 140 1n the first
embodiment.

As 1llustrated 1n FIG. 12, the controller 145 1n the terminal
apparatus 140 determines if a stereoscopic vision request 1s
input by an observer using the mput umt 141 (Step S101).
If no stereoscopic vision request 1s input (No at Step S101),
the terminal apparatus 140 waits until a stereoscopic vision
request 1s 1nput.

By contrast, if a stereoscopic vision request i1s iput (Yes
at Step S101), the controller 145 transmits the stereoscopic
vision request to the image storage apparatus 120, and
acquires a parallax i1mage group from the i1mage storage
apparatus 120 (Step S102).

The graphic 1mage generator 1452 1n the controller 145
then generates the three-dimensional graphic data by plot-
ting the 1image data of the cursor and the 1image data such as
a line or a two-dimensional plane representing the position
of the cursor 1in the cursor virtual space (Step S103). The
graphic 1image generator 1452 then generates a plurality of
graphic 1mages by applying a volume rendering process to
the three-dimensional graphic data (Step S104).

The display controller 1453 1n the controller 145 then
generates a plurality of superimposed 1images by superim-
posing, over the parallax image group acquired from the
image storage apparatus 120, a plurality of respective
graphic 1mages generated by the graphic image generator
1452 and having a matched viewpoint position (Step S105).
The display controller 1453 then displays the superimposed
images thus generated on the stereoscopic display monitor
142 (Step S106).
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As described above, according to the first embodiment, by
displaying a line or a two-dimensional plane as a graphic
indicating the cursor position, an observer i1s enabled to
recognize the position of a cursor displayed along with a
stereoscopic 1mage.

Explained 1n the first embodiment 1s an example 1n which
the graphic 1image generator 1452 generates the three-di-
mensional graphic data by plotting 1image data of a line
connecting the region A13 in which the subject data is
present and the position pointed by the cursor in the cursor
virtual space, and the display controller 1453 displays the
image of the line connecting the cursor and the subject, as
explained with reference to FIGS. 9A, 9B, and 10. Alterna-
tively, the graphic image generator 1452 may plot 1image
data of a line connecting the position pointed by the cursor
and the center or the center of gravity of the cursor virtual
space 1n the cursor virtual space, without identifying the
region A13 where the subject data 1s present.

Specifically, generally speaking, the subject data VD11 1s
often positioned at the center of the volume data VD10 1n the
example illustrated 1n FIG. 9A. Therelfore, in the example
illustrated 1n FIG. 9B, the line connecting the position
pointed by the cursor and the center or the center of gravity
of the cursor virtual space generally passes through the
region Al3 corresponding to the position of the subject data
VDI11. Thus, the graphic image generator 1452 may also plot
image data of a line connecting the position pointed by the
cursor and the center or the center of gravity of the plane
SP11 in the cursor virtual space. When such a process 1s
performed, because the graphic image generator 1452 1s not
required to perform the process of i1dentifying the region
A13 where the subject data 1s present, the load 1n generating
graphic 1mages can be reduced.

For the same reason, in the example explained with
reference to FIG. 11, the graphic image generator 1452 may
generate three-dimensional graphic data by plotting the
image data of a two-dimensional plane including the posi-
tion pointed by the cursor and the center or the center of
gravity of the plane SP11 1n the cursor virtual space. In such
a case as well, because the graphic image generator 1452 1s
not required to perform the process of identifying the region
A13 where the subject data 1s present, the load 1n generating
graphic 1mages can be reduced.

Furthermore, 1n the first embodiment, the terminal appa-
ratus 140 may display the line image 111 or the plane 1mage
121 1illustrated as an example 1n FIGS. 9A, 9B, and 10, 1n
response to a particular operation.

Furthermore, 1n the first embodiment, the terminal appa-
ratus 140 may receive information related to the shape of the
line 1mage I11 1llustrated as an example 1n FIG. 10, or the
shape of the plane image 121 illustrated as an example 1n
FIG. 11 from an observer. For example, the terminal appa-
ratus 140 may receive an angle formed between the line
image I11 and the lateral direction (x-axis direction), opacity
of the line 1mage 111, or a request for displaying the line
image 111 as a dotted line, a curve or the like, 1nstead of a
line, via the input unit 141. The terminal apparatus 140 may
also receive the size of the plane 1image 121, opacity of the
plane image 121, or a request for displaying the plane 1mage
[21 as a polygon, a circle, or an ellipse, instead of a
rectangle, for example. In such a case, the graphic image
generator 1452 determines the shape of the line image 111 or
the plane 1mage 121 based on the shape-related information
received via the mput umt 141.

Furthermore, 1n the first embodiment, the terminal appa-
ratus 140 may also display an 1image of a plane perpendicu-
larly intersecting with the plane image 121, 1n addition to the
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plane 1mage 121 that 1s 1n parallel with an xy plane, as
illustrated 1n the example in FIG. 11. In other words, the
terminal apparatus 140 may display a plane image that 1s in
parallel with the xz plane and a plane 1mage that 1s in parallel
with the yz plane, 1n addition to the plane image that 1s in
parallel with the xy plane.

Furthermore, 1in the first embodiment, the operation con-
troller 1451 may limit the movable range of the cursor to a
range where the line 1mage 111 1s displayed 1n response to a
given operation performed using the mput umit 141. For
example, in the example illustrated 1n FIG. 10, 1n response
to a given operation performed while exemplary various
images 1illustrated 1n FIG. 10 are displayed on the stereo-
scopic display monitor 142, the operation controller 1451
may fix the position where the line 1image I11 1s displayed,
and limit the movable range of the cursor C10 to positions
along the line image I11. Alternatively, the operation con-
troller 1451 may fix the position where the line image 111 1s
displayed, and limit the movable range of the cursor C10 to
the positions along the line image I11 within the stereo-
scopic 1mage I10. Furthermore, in response to a given
operation, the operation controller 1451 may fix the position
where the line image I11 1s displayed, and move the cursor
C10 to the intersection P11 or the intersection P12 between
the stereoscopic image 110 and the line image I11.

Similarly, 1n the example illustrated i FIG. 11, 1n
response to a given operation performed while exemplary
various 1mages 1llustrated in FIG. 11 are displayed on the
stereoscopic display monitor 142, the operation controller
1451 may fix the position where the plane image 121 1s
displayed, and limit the movable range of the cursor C10 to
positions on the plane image 121. Alternatively, the opera-
tion controller 1451 may fix the position where the plane
image 121 1s displayed, and limit the movable range of the
cursor C10 to positions on the plane image 121 within the
stereoscopic 1mage 110. Alternatively, 1n response to a given
operation, the operation controller 1451 may fix the position
where the plane image 121 1s displayed, and move the cursor
C10 to the intersecting line P20 between the stereoscopic
image 110 and the plane image 121, for example.

In this manner, an observer 1s enabled to move the cursor
while the depth direction i1s fixed. For example, in the
example 1llustrated in FIG. 10, when the observer wants to
move the cursor C10 to the intersection P11, the observer
can {ix the depth-direction position of the cursor C10 simply
by performing the given operation. Therefore, the observer
can move the cursor C10 to the intersection P11 easily.

Furthermore, when a plane 1mage perpendicularly inter-
secting with the plane 1mage 121 (a plane 1mage in parallel
with the xz plane or a plane 1image 1n parallel with the yz
plane) 1s displayed, the operation controller 1451 may also
fix the position where the plane image 1n parallel with the xz
plane or the plane image 1n parallel with the yz plane 1s
displayed, and limit the movable range of the cursor C10 to
the positions on the plane 1image 121, positions on the plane
image in parallel with the xz plane, or positions on the plane
image 1n parallel with the yz plane.

Because the operation controller 1451 controls the move-
ment of the cursor in the cursor virtual space, the operation
controller 1451 can control the movement of the cursor 1n
the manner explained above based on the position of the
image data D12 (corresponding to the line image I11) of a
line and the like placed in the cursor virtual space, for

example.

Second Embodiment

Explained 1n the first embodiment 1s an example 1n which
an observer 1s enabled to recognize the position of the cursor



US 9,542,771 B2

23

in the depth direction by displaying a given graphic (a line
or a plane) on a plane that 1s at the same depth-direction
position as the cursor. Explained below 1s another embodi-
ment in which a cursor and a graphic indicating a depth-
direction position are displayed. To begin with, explained 1n
a second embodiment 1s an example 1n which a contour line
(1sogram) corresponding to a depth-direction component 1s
displayed on the surface of an organ and the like of a subject
in the stereoscopic image displayed on the stereoscopic
display monitor 142.

A terminal apparatus 240 in the second embodiment will
now be explained. The terminal apparatus 240 corresponds
to the terminal apparatus 140 1llustrated 1n FIG. 1. Because
the configuration of the terminal apparatus 240 in the second
embodiment 1s the same as the exemplary configuration of
the terminal apparatus 140 1llustrated 1n FIG. 8, a drawing of
the terminal apparatus 240 1s omitted. The terminal appa-
ratus 240 1n the second embodiment, however, performs
different processes from those performed by the graphic
image generator 1452 and the display controller 1453
included 1n the terminal apparatus 140. Therefore, assuming
that the terminal apparatus 240 includes a graphic image
generator 2452 and a display controller 2453, 1nstead of the
graphic 1mage generator 1452 and the display controller
1453 included 1n the terminal apparatus 140, these process-
ing units will be explained.

The graphic image generator 2452 1n the second embodi-
ment generates a graphic image including an image of a
contour line corresponding to a component of the depth
direction on the surface of a subject. In other words, the
graphic 1mage generator 2452 uses a contour line of a
depth-direction component as a graphic indicating a cursor
position.

Specifically, the graphic 1mage generator 2452 1dentifies
the region where the subject data 1s present in the three-
dimensional virtual space plotted with the volume data from
which a parallax 1mage group 1s generated, based on subject
position information acquired from the 1mage storage appa-
ratus 120, and 1dentifies the region of the cursor virtual space
corresponding to the region thus identified. In other words,
although the cursor virtual space has no subject data, the
graphic 1mage generator 24352 identifies the region corre-
sponding to the region where the subject data 1s present 1n
the cursor virtual space using the subject position informa-
tion. The graphic image generator 2452 then generates
three-dimensional graphic data by plotting image data of
contour lines i1n the depth direction (z-direction) on the
surface of the region corresponding to the subject data in the
cursor virtual space. For example, the graphic 1image gen-
erator 2452 generates three-dimensional graphic data repre-
senting contour lines by plotting a line connecting a group
of points located at the same depth-direction position on the
surface of the region corresponding to the subject data at a
given interval (e.g., an interval of 1 centimeter in the real
scale of the subject) 1n the depth direction i1n the cursor
virtual space. The graphic image generator 2452 then gen-
erates a plurality of graphic images by performing a volume
rendering process to the three-dimensional graphic data thus
generated, from the same viewpoint positions as those used
in generating the parallax 1mage group. The contour line
may be a line, a dotted line, a translucent line, or a trans-
lucent dotted line.

The display controller 2453 1n the second embodiment
then generates nine superimposed 1mages in which, over the
parallax 1image group generated by the rendering processor
136, the respective graphic images generated by the graphic
image generator 2452 and having a matched viewpoint
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position are superimposed, and displays the nine superim-
posed i1mages thus generated on the stereoscopic display

monitor 142. In this manner, a stereoscopic 1mage 1s dis-
played on the stereoscopic display monitor 142 using the
nine superimposed images.

FIG. 13 illustrates an example of a stereoscopic image
displayed on the stereoscopic display monitor 142 in the
second embodiment. As 1illustrated 1n FIG. 13, the stereo-
scopic display monitor 142 displays the cursor C10 together
with the stereoscopic image 110 representing a subject. The
stereoscopic display monitor 142 also displays contour line
images 131 to 134 on the surface of the stereoscopic image
110 of the subject. Because these contour line 1mages 131 to
134 correspond to the 1mage data of contour lines plotted by
the graphic 1image generator 2452, the contour line 1mages
131 to 134 are displayed at the given interval in the stereo-
scopic 1mage space along the depth direction, and each of
these contour line 1mages 131 to 134 1s displayed on the same
plane having the same depth-direction component in the
stereoscopic 1mage space. Therefore, an observer observing
the stereoscopic display monitor 142 illustrated as an
example 1n FIG. 13 can recognize the depth-direction posi-
tion of the cursor C10 by moving the cursor C10 closer to
the stereoscopic 1mage I110. Specifically, in the example
illustrated 1n FIG. 13, the observer can recognize that the
depth-direction position of the cursor C10 1s near the con-
tour line 1mage 132.

As described above, according to the second embodiment,
by displaying contour lines on the surface of a subject as a
graphic indicating a cursor position, an observer 1s enabled
to recognize the position of a cursor displayed with a
stereoscopic 1mage.

In the second embodiment, the terminal apparatus 240
may receive imformation related to the interval of the con-
tour lines. For example, the terminal apparatus 240 may
receive the interval in the real scale of a subject (e.g., 1
centimeter) via the input unmit 141, as an interval for dis-
playing the contour lines. In such a case, the graphic image
generator 2452 determines the number of contour line 1image
data to be positioned 1n the cursor virtual space based on the
information related to the interval of the contour lines
received via the mput unmit 141.

Third Embodiment

Explained 1n a third embodiment 1s an example 1n which
the color of the cursor 1s varied depending on the depth-
direction position of the cursor displayed on the stereoscopic
display monitor 142.

A terminal apparatus 340 in the third embodiment will
now be explained. The terminal apparatus 340 corresponds
to the terminal apparatus 140 1llustrated in FIG. 1. Because
the configuration of the terminal apparatus 340 in the third
embodiment 1s the same as the exemplary configuration of
the terminal apparatus 140 1llustrated 1n FIG. 8, a drawing of
the terminal apparatus 340 1s omitted. The terminal appa-
ratus 340 1n the third embodiment, however, performs
different processes from those performed by the graphic
image generator 1452 and the display controller 1453
included 1n the terminal apparatus 140. Therefore, assuming
that the terminal apparatus 340 includes a graphic image
generator 3452 and a display controller 3453, 1nstead of the
graphic 1mage generator 1452 and the display controller
1453 included 1n the terminal apparatus 140, these process-
ing units will be explained.

The graphic 1image generator 3452 in the third embodi-
ment generates an 1mage including a cursor that 1s colored
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differently depending on the depth-direction position. At this
time, the graphic image generator 3452 also generates an
image ol a graphic indicating the distribution of colors
applied to the cursor and having a shape extending in the
depth direction, in addition to the cursor image.

Specifically, the graphic image generator 3452 generates
three-dimensional graphic data by plotting 1image data of a
three-dimensional graphic assigned with colors varying cor-
responding to the depth-direction position of the graphic in
the cursor virtual space, and 1mage data of a cursor 1n a given
color 1n the cursor virtual space. For example, the graphic
image generator 3452 plots 1image data of a three-dimen-
sional graphic assigned with different colors a given interval
in the real scale of the subject (e.g., an interval of 1
centimeter) 1n the cursor virtual space. The graphic 1mage
generator 3452 generates the three-dimensional graphic data
by 1dentifying a color corresponding to the position of the
cursor from the colors assigned to the three-dimensional
graphic, and plotting 1mage data of a cursor applied with the
color thus 1dentified 1n the cursor virtual space. The graphic
image generator 3452 then generates a plurality of graphic
images by applying a rendering process to the three-dimen-
sional graphic data thus generated from the viewpoint posi-
tions used when the parallax 1mage group 1s generated.

The display controller 3453 1n the third embodiment
generates nine superimposed images in which, over the
parallax 1mage group generated by the rendering processor
136, the respective graphic images generated by the graphic
image generator 3452 and having a matched viewpoint
position are superimposed, and displays the nine superim-
posed i1mages thus generated on the stereoscopic display
monitor 142. In this manner, a stereoscopic 1mage 1s dis-
played on the stereoscopic display monitor 142 using the
nine superimposed 1mages.

FIGS. 14A and 14B illustrate examples of a stereoscopic
image displayed on the stereoscopic display monitor 142 1n
the third embodiment. In FIGS. 14A and 14B, the cursor 1s
at different positions. In the example illustrated in FIG. 14A,
the stereoscopic display monitor 142 displays the stereo-
scopic image 110 of the subject, a three-dimensional graphic
141, and a cursor C31 i a given color. In the example
illustrated 1n FIG. 14B, the stereoscopic image 110, the

three-dimensional graphic 141, and a cursor C32 are dis-
played. The three-dimensional graphic 141 illustrated in
FIGS. 14A and 14B 1s a graphic displayed three-dimension-
ally 1n the stereoscopic 1mage space, and 1s assigned with
colors varying corresponding to the depth-direction posi-
tions 1n the stereoscopic image space. In the examples
illustrated 1n FIGS. 14A and 14B, the three-dimensional
graphic 141 has a color nearer to black at a position nearer
to the observer, and has a color nearer to white at a position
turther away from the observer.

The cursor C31 illustrated 1n FIG. 14A 1s displayed at a
position near the observer in the stereoscopic 1image space,
and 1s colored black. The cursor C32 illustrated in FIG. 14B
1s displayed at a position further away from the observer in
the stereoscopic image space, and i1s colored white. The
cursors C31 and C32 are assigned with a color correspond-
ing to the depth-direction position of the cursor, among the
colors provided to the three-dimensional graphic 141. There-
fore, an observer observing the stereoscopic display monitor
142 1llustrated as an example in FIG. 14A and FIG. 14B can
recognize the position of the cursor in the depth direction
based on the color applied to the cursor. Specifically, by
looking at the colors provided to the three-dimensional
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graphic 141 and the color provided to the cursor, the observer
can recognize the position of the cursor in the depth direc-
tion.

As described above, according to the third embodiment,
because the color 1n which the cursor 1s displayed 1s varied
corresponding to the depth direction, an observer 1s enabled
to recognize the position of the cursor displayed with a
stereoscopic 1mage.

In the third embodiment, the terminal apparatus 340 may
not display the three-dimensional graphic 141 that 1s used as
a legend of the cursor color. For example, when the colors
applied to the cursor corresponding to the depth-direction
position are fixed by system specifications, and such colors
are known to the observers, the three-dimensional graphic
141 does not need to be displayed on the terminal apparatus
340.

Furthermore, in the third embodiment, the terminal appa-
ratus 340 may also assign different colors to the subject
depending on the depth-direction position. In this manner,
by moving the cursor closer to the stereoscopic image of the
subject, an observer can recognize the position of the cursor
in the depth direction.

Fourth Embodiment

Explained 1n a fourth embodiment 1s an example 1n which
a region of the subject 1s projected on the cursor depending
on the depth-direction position of the cursor displayed on the
stereoscopic display monitor 142.

To begin with, a terminal apparatus 440 in the fourth
embodiment will be explained with reference to FIG. 15.
FIG. 15 1s a schematic for explaining an exemplary con-
figuration of the terminal apparatus 440 1n the fourth
embodiment. In the explanations below, elements having
already explained are assigned with the same reference
numerals, and detailed explanations thereof are omitted
herein. The terminal apparatus 440 illustrated 1n FIG. 15
corresponds to the terminal apparatus 140 1llustrated 1n FIG.
1. The terminal apparatus 440 includes a controller 445, as
illustrated as an example 1n FIG. 15. The controller 445
includes a light source setting module 4454, a graphic image
generator 4452, and a display controller 4453.

The light source setting module 4454 sets a virtual light
source that 1s a virtual light source 1n the cursor virtual
space. Specifically, the light source setting module 4454
determines the position and a type of the virtual light source
to be set 1n the three-dimensional cursor virtual space when
the graphic 1image generator 4452, which 1s to be described
later, generates graphic images. Examples of types of the
virtual light source include a light source outputting parallel
light rays from the 1nfinity, and a light source emitting radial
light rays from the position of the virtual light source.

The graphic image generator 4452 generates an 1mage of
a cursor on which a region in a subject (hereinafter some-
times referred to as a “target region”) 1s projected. Specifi-
cally, the graphic image generator 4452 generates an 1mage
of the cursor on which a shadow of a target region 1s cast,
by using the cursor as a projection surface, and projecting a
target region on the cursor that 1s a projection surface based
on the virtual light source set by the light source setting
module 4454.

To explain more specifically, the graphic image generator
4452 1dentifies the region where the subject data 1s present
within the three-dimensional virtual space plotted with the
volume data from which the parallax 1image group 1s gen-
erated, and 1dentifies the region corresponding to the region
thus 1dentified 1n the cursor virtual space, based on the
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subject position mformation acquired from the image stor-
age apparatus 120. If the subject data 1s present between the
virtual light source set by the light source setting module
4454 and the cursor 1n the cursor virtual space, the graphic
image generator 4452 generates three-dimensional graphic
data by plotting image data of the cursor on which a shadow
of the subject data 1s cast 1n the cursor virtual space. At this
time, under an assumption that the light 1s coming from the
virtual light source, the graphic image generator 4452
assigns an 1mage of the target region projected by the light
to the cursor as a shadow. The graphic image generator 44352
then generates a plurality of graphic images by performing
a rendering process to the three-dimensional graphic data
thus generated, using the same viewpoint positions as those
used 1n generating the parallax 1mage group.

The graphic image generator 4452 may change lightness
of the shadow cast on the cursor depending on the distance
between the cursor and the target region. For example, the
graphic image generator 4452 casts a shadow 1n darker black
on the cursor when the distance between the cursor and the
target region 1s nearer, and casts a shadow 1n lighter black to
the cursor when the distance between the cursor and the
target region 1s further.

The display controller 4453 then generates nine superim-
posed 1mages i1n which, over the parallax image group
generated by the rendering processor 136, a plurality of
respective graphic 1mages generated by the graphic image
generator 4452 and having a matched viewpoint position are
superimposed, and displays the nine superimposed 1mages
thus generated on the stereoscopic display monitor 142. In
this manner, a stereoscopic 1mage 1s displayed on the ste-
reoscopic display monitor 142 using the nine superimposed
1mages.

FIG. 16 1llustrates an example of a stereoscopic image
displayed on the stereoscopic display monitor 142 in the
fourth embodiment. As illustrated 1n FIG. 16, the stereo-
scopic display monitor 142 displays a stereoscopic image
140 representing a region 1n a subject, and a cursor C40. A
target region 141 of the stereoscopic image 140 1s projected
on the cursor C40. Specifically, a shadow 1mage C41 of the
target region I41 1s cast on the cursor C40. Therefore, an
observer observing the stereoscopic display monitor 142
illustrated as an example 1n FIG. 16 can recognize the
depth-direction position of the cursor C40 based on the
shadow 1mage cast on the cursor C40. Specifically, the
observer can understand that the cursor C40 is located at a
position further away from the region 141 with respect to the
observer.

As described above, according to the fourth embodiment,
by displaying a shadow of the subject on the cursor on which
the target region 1s projected, an observer 1s enabled to
recognize the position of the cursor displayed with a ste-
reoscopic 1mage.

In the fourth embodiment, the terminal apparatus 440 may
also display an image of the wvirtual light source or a
schematic 1mage of the light output from the virtual light
source. To explain using the example illustrated in FIG. 16,
the terminal apparatus 440 may display an image 143 of the
virtual light source or a schematic 1image 144 of the light
output from the virtual light source. In this manner, because
the observer can understand the position of the virtual light
source or the direction of the light output from the virtual
light source, the observer can easily recognize the position
of the cursor.

Furthermore, in the fourth embodiment, the terminal
apparatus 440 may also receive information related to the
position of the virtual light source from the observer. For
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example, the terminal apparatus 440 may receive coordi-
nates of the position where the virtual light source is

positioned via the input unit 141. In such a case, the light
source setting module 4454 positions the virtual light source
in the cursor virtual space based on the information related
to the virtual light source received via the mput unit 141.

Furthermore, in the fourth embodiment, the light source
setting module 4454 may change the position of the virtual
light source dynamically based on the position of the cursor.
Specifically, the light source setting module 4454 may
change the position of the virtual light source dynamically
so that a region 1n the subject comes between the cursor and
the virtual light source. In other words, the light source
setting module 4454 may move the virtual light source to a
position along a line connecting the cursor and the region in
the subject. In this manner, the terminal apparatus 440 can
increase the probability at which a region in the subject 1s
projected on the cursor, and, as a result, the observer 1s
enabled to recognize the position of the cursor.

Fitth Embodiment

Explained 1n a fifth embodiment 1s an example in which
lightness or the like 1s varied in radial directions, centering
on the position of the cursor displayed on the stereoscopic
display monitor 142.

A terminal apparatus 540 in the fifth embodiment will
now be explained. The terminal apparatus 540 corresponds
to the terminal apparatus 140 illustrated 1n FIG. 1. Because
the configuration of the terminal apparatus 540 1n the fifth
embodiment 1s the same as the exemplary configuration of
the terminal apparatus 140 1llustrated 1n FIG. 8, a drawing of
the terminal apparatus 540 1s omitted. The terminal appa-
ratus 540 1n the fifth embodiment, however, performs dif-
ferent processes from those performed by the graphic image
generator 1452 and the display controller 1453 1ncluded 1n
the terminal apparatus 140. Therefore, assuming that the
terminal apparatus 540 includes a graphic 1mage generator
5452 and a display controller 5453, instead of the graphic
image generator 1452 and the display controller 1453
included 1n the terminal apparatus 140, these processing
units will be explained.

The graphic 1image generator 5452 1n the fifth embodi-
ment generates an 1mage of a cursor, and a graphic 1image
having lightness varied in radial directions, centering on the
position of the cursor. Specifically, the graphic 1mage gen-
erator 5452 generates the three-dimensional graphic data by
plotting 1mage data of a cursor to the position of the cursor
in the cursor virtual space. The graphic image generator
5452 then generates a plurality of graphic images by per-
forming a volume rendering process to the three-dimen-
sional graphic data thus generated, from the same viewpoint
positions used in generating the parallax 1mage group. At
this time, the graphic 1image generator 5452 performs the
volume rendering process by changing the lightness or the
like 1n radial directions, centering on the position of the
cursor. For example, the graphic image generator 5452
applies a volume rendering process by reducing the lightness
for positions nearer to the cursor, and increasing the light-
ness for positions further away from the cursor. Alterna-
tively, the graphic 1mage generator 5452 applies a volume
rendering process by increasing the lightness for positions
nearer to the cursor, and reducing the lightness for positions
further away from the cursor, 1n a manner opposite to the
example explained above, for example. The color in which
the lightness 1s varied by the graphic image generator 5452
may be any color.



US 9,542,771 B2

29

Furthermore, the display controller 5453 1n the fifth
embodiment generates nine superimposed 1images 1n which,
over the parallax 1image group generated by the rendering
processor 136, a plurality of respective graphic i1mages
generated by the graphic 1image generator 5452 and having
a matched viewpoint position are superimposed, and dis-
plays the nine superimposed 1mages thus generated on the
stereoscopic display monitor 142. In this manner, a stereo-
scopic 1mage 1s displayed on the stereoscopic display moni-
tor 142 using the nine superimposed 1mages.

FIGS. 17A and 17B illustrate examples of a stereoscopic
image displayed on the stereoscopic display monitor 142 1n
the fifth embodiment. In the example 1llustrated 1n FIG. 17A,
a stereoscopic 1image I51 representing a subject, and a cursor
C51 are displayed on the stereoscopic display monitor 142.
The stereoscopic image 151 1s displayed as having lower
lightness to higher lightness, varying in the radial directions,
centering on the position pointed by the cursor C51. In other
words, 1n the stereoscopic 1mage 151, a position pointed by
the cursor C31 1s displayed dark, and positions away from
the position pointed by the cursor C51 are displayed lighter.

As an alternative, in the example illustrated in FIG. 17B,
a stereoscopic 1mage 152 representing a subject, and a cursor
(C32 are displayed on the stereoscopic display monitor 142.
The stereoscopic 1mage 152 1s displayed as having higher
lightness to lower lightness, varying in radial directions,
centering on the position pointed by the cursor C52. In other
words, 1n the stereoscopic image 152, the position pointed by
the cursor C52 1s displayed light, and positions away from
the position pointed by the cursor C52 are displayed darker.

An observer observing the stereoscopic display monitor
142 illustrated as an example 1n FIGS. 17A and 17B can
recognize the position of the cursor in the depth direction
based on the lightness near the position pointed by the
cursor. For example, because the position pointed by the
cursor 1s displayed dark in the example 1llustrated in FIG.
17 A and the position pointed by the cursor 1s displayed light
in the example illustrated in FIG. 17B, an observer can
recognize the position of the cursor in the depth direction
using the lightness.

As described above, according to the fifth embodiment,
by displaying the stereoscopic image with varying lightness,
centering on the position pointed by the cursor, an observer
1s enabled to recognize the position of the cursor displayed
with a stereoscopic 1mage.

In the fifth embodiment, the terminal apparatus 540 may
also display an x-axis, a y-axis, and a z-axis ol three-
dimensional coordinates having a point of origin at the
position pointed by the cursor, 1n the manner illustrated in
the example of FIGS. 17A and 17B.

Furthermore, 1n the fifth embodiment, the color in which
the terminal apparatus 540 varies the lightness may be any
color. Furthermore, such a color may be in singularity, or
two or more colors. For example, in the example illustrated
in FIG. 17A, the terminal apparatus 540 may display the
color in a manner varying from black to white, or from red
to blue 1n radial directions, centering on the position pointed
by the cursor CS51.

Furthermore, 1n the fifth embodiment, the terminal appa-
ratus 540 may display a stereoscopic 1mage having varying
contrast along radial directions, centering on the position
pointed by the cursor.

Furthermore, in the fifth embodiment, the terminal appa-
ratus 540 may perform a control of displaying the stereo-
scopic 1mage 1n a manner lightness or contrast varied only
one time 1n response to a given operation. Specifically, when
a pointing device and the like 1s clicked, the graphic image
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generator 5452 and the display controller 5453 included 1n
the terminal apparatus 540 display the stereoscopic image in
varying lightness or contrast, by performing the process
explained above. The terminal apparatus 540 may then
recover the display mode without changing the lightness or
the like, after a given time elapses, by displaying the parallax
image group acquired from the image storage apparatus 120.

Furthermore, the terminal apparatus 540 may switch
between a display mode for changing the lightness or the
like and a display mode without changing lightness or the
like at a given interval in response to a given operation.
Furthermore, the terminal apparatus 540 may make the
interval 1n which these two display modes are switched
variable. Furthermore, the terminal apparatus 540 may be
fixed to one of these display modes in response to a given
operation while both display modes are switched, and restart
the operation of switching these two display modes in
response to a given operation performed while the terminal
apparatus 540 1s fixed to one of the display modes.

Furthermore, 1n the fifth embodiment, the terminal appa-
ratus 540 may increase the contrast of a given (e.g., spheri-
cal, ellipsoidal, or cubic) area centering on the position
pointed by the cursor, and reduces the contrast of the area
other than the given area. Furthermore, the terminal appa-
ratus 540 may allocate a color only to such a given area, and
no color to the area other than the given area. Furthermore,
the terminal apparatus 540 may display the lightness or the
contrast varied within such a given area, 1n radial directions,
centering on the position of the cursor.

Explained now specifically 1s a process of increasing the
contrast only 1n or applying a color only to a given area.
When such a process 1s to be performed, the graphic image
generator 5452 generates the three-dimensional graphic data
by not only plotting 1mage data of a cursor to the position of
the cursor in the cursor virtual space, but also plotting a
graphic, such as a sphere, centering on the position of the
cursor 1n the cursor virtual space. The graphic 1image gen-
erator 5452 then generates a plurality of graphic images by
applying a volume rendering process to the three-dimen-
sional graphic data from the same viewpoint positions used
in generating the parallax 1mage group. At this time, the
volume rendering process 1s performed by changing the
lightness within the graphic such as a sphere included 1n the
three-dimensional graphic data, depending on the distance
from the cursor.

Explained now with reference to FIG. 18 1s an example
for displaying a stereoscopic image in which the contrast 1s
increased only within the given area. In the example 1llus-
trated 1n FIG. 18, a stereoscopic image 153 representing a
subject, a cursor C53, and a sphere 1mage 154 centering on
the position pointed by the cursor C53 are displayed on the
stereoscopic display monitor 142. The area corresponding to
the sphere image 154 i1n the stereoscopic image 153 1s
displayed in higher contrast, and the area other than the
sphere 1mage 154 1n the stereoscopic image 153 1s displayed
in lower contrast. Alternatively, the terminal apparatus 540
may display the area corresponding to the sphere 1mage 154
in a given color, and the area other than the sphere image 154
without any color, 1n the example 1llustrated 1n FIG. 18. For
example, the terminal apparatus 540 displays the area other
than the sphere 1mage 154 transparent. In this manner, an
observer can recognize the position of the cursor 1n the depth
direction based on the contrast or the lightness of the area
near the position pointed by the cursor.

The three-dimensional area, such as the sphere 1image 154,
displayed at different contrast or 1n a different color does not
have to be created centering on the position pointed by the
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cursor. For example, the graphic 1mage generator 5452 may
also generate the three-dimensional graphic data by plotting
a graphic, such as a sphere, including the position of the
cursor 1n the cursor virtual space. Furthermore, the terminal
apparatus 540 may receive information related to the size or
the position of the three-dimensional area, such as the sphere
image 154, displayed at a different contrast or 1n a different
color from an observer via the input unit 141. In such a case,
the terminal apparatus 540 determines the size or the posi-
tion of the three-dimensional area based on the information
received by the mput unit 141.

Sixth Embodiment

The embodiments described above are modifiable as other
embodiments. Therefore, 1n a sixth embodiment, variations
of the embodiments will be explained.

Processing Entity

In the embodiments described above, the terminal appa-
ratus 140 acquires a parallax 1mage group from the image
storage apparatus 120, generates a graphic image indicating
the position of a cursor 1n the depth direction 1n the stereo-
scopic 1mage space, and displays superimposed 1mages 1n
which the graphic image 1s superimposed over a parallax
image group on the stereoscopic display monitor 142. How-
ever, the embodiments are not limited thereto. For example,
the workstation 130 may be provided with the same func-
tions as that of the terminal apparatus 140, 240, 340, 440, or
540, for example, and generate the graphic image. In such a
case, the workstation 130 acquires the position imnformation
of the cursor from the terminal apparatus 140, and generates
a graphic image based on the cursor position information
thus acquired. The workstation 130 then generates superim-
posed 1mages 1n which the graphic image 1s superimposed
over a parallax 1image group generated from volume data,
and stores the superimposed 1mages thus generated 1n the
image storage apparatus 120 or transmits the superimposed
images thus generated to the terminal apparatus 140. The
terminal apparatus 140 then receives superimposed 1mages
generated by the workstation 130 from the image storage
apparatus 120 or the workstation 130, and displays the
superimposed 1mages thus received on the stereoscopic
display monitor 142.

To specifically explain the process 1n which the worksta-
tion 130 generates a graphic 1image, for example, the work-
station 130 includes a graphic 1image generator that gener-
ates the three-dimensional graphic data by plotting image
data of a cursor and 1mage data of a graphic indicating the
cursor position in the cursor virtual space, in the same
manner as the graphic 1image generator 1452 and the like.
The 1mage correction processor 1361a in the rendering
processor 136 generates a single piece of volume data by
fusing the three-dimensional graphic data generated by the
graphic 1image generator and the volume data generated by
the medical 1mage diagnostic apparatus 110. The three-
dimensional 1image processor 1362 1n the rendering proces-
sor 136 then generates a parallax 1image group by applying
a volume rendering process to the volume data fused by the
image correction processor 136la. The parallax i1mage
group, for example, corresponds to the nine superimposed
images 1n which the parallax images Ull to U19 and the
graphic 1mages O11 to O19 are superimposed, as 1llustrated
in the example 1n FIGS. 9A and 9B. Therefore, the terminal
apparatus 140 can display various 1mages 1illustrated as an
example 1 FIG. 10 by displaying a parallax image group
generated by the workstation 130, for example.
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In the example explained above, the rendering processor
136 does not necessarily need to fuse the volume data and
the three-dimensional graphic data. To explain more spe-
cifically, the workstation 130 includes a graphic image
generator that generates three-dimensional graphic data by
plotting 1mage data of a cursor and 1mage data of a graphic
indicating the cursor position in the cursor virtual space, 1n
the same manner as in the examples explained above. The
three-dimensional 1mage processor 1362 in the rendering
processor 136 then generates a parallax image group by
applying a volume rendering process to the volume data
generated by the medical image diagnostic apparatus 110,
and generates a graphic 1image by applying a volume ren-
dering process to the three-dimensional graphic data gener-
ated by the graphic 1mage generator. The two-dimensional
image processor 1363 1n the rendering processor 136 then
superimposes the parallax 1mage group and the graphic
image generated by the three-dimensional 1mage processor
1362, 1n the same manner as the graphic image generator
1452 and the like.

Furthermore, 1n the example explained above, instead of
causing the workstation 130 to generate a parallax 1mage
group from the volume data, the medical image diagnostic
apparatus 110 may include a function equivalent to the
function of the rendering processor 136, and generate a
parallax 1mage group from the volume data. In such a case,
the terminal apparatus 140 acquires a parallax 1mage group
from the medical image diagnostic apparatus 110, and
displays superimposed images 1n which graphic images are
superimposed over the parallax 1image group thus acquired
on the stereoscopic display monitor 142.

Furthermore, the terminal apparatus 140 may include a
function equivalent to the function of the rendering proces-
sor 136, acquire the volume data from the medical image
diagnostic apparatus 110 or the 1mage storage apparatus 120,
and generate a parallax 1image group from the volume data
thus acquired. In such a case, the terminal apparatus 140
displays superimposed images 1n which graphic images are
superimposed over the parallax i1mage group generated
locally on the terminal apparatus 140 on the stereoscopic
display monitor 142.

Number of Parallax Images

Explained 1n the embodiments 1s an example in which
graphic 1mages are superimposed over a parallax i1mage
group that includes mainly nine parallax images; however,
an embodiment 1s not limited thereto. For example, the
terminal apparatus 140 may superimpose graphic images
over a parallax image group including two parallax images
from the i1mage storage apparatus 120, and display the
superimposed 1mages.

System Configuration

Among those processes explained 1in the embodiments,
the whole or a part of the processes explained to be executed
automatically may also be executed manually. Furthermore,
the whole or a part of the processes explained to be per-
formed manually may be performed automatically by known
methods. In addition, processes, controlling processes, and
specific names, and information including various types of
data and parameters may be modified in any manner unless
specified otherwise.

Furthermore, the elements included 1n each of the appa-
ratuses illustrated 1n the drawings are provided to schemati-
cally depict their functionality, and are not necessarily
configured physically 1in the manner 1llustrated in the draw-
ings. In other words, specific configurations 1n which the
apparatuses are distributed or integrated are not limited to
those illustrated 1n the drawings, and the whole or a part of
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the apparatuses may be distributed or integrated functionally
or physically 1n any units depending on various loads or
utilization. For example, the controller 135 included in the
workstation 130 may be provided as an external apparatus of
the workstation 130, and 1s connected over a network.

Computer Program

The processes executed by the terminal apparatus 140,
240, 340, 440, or 540 1n the embodiments may be described
in a language executable by a computer as a computer
program. In such a case, the same advantageous eflects as
those 1n the embodiments can be achieved by causing a
computer to execute the computer program. Furthermore,
the processes that are the same as those 1n the embodiments
may also be realized by recording the computer program to
a computer-readable recording medium, and causing a com-
puter to read the computer program recorded 1n the record-
ing medium. For example, such a computer program 1is
stored 1n a hard disk, a flexible disk (FD), a compact disk
read-only memory (CD-ROM), a magneto-optical (MO)
disk, a digital versatile disk (DVD), a Blu-ray disk, or the
like. Furthermore, such a computer program may also be
distributed over a network such as the Internet.

According to at least one of the embodiments described
above, an observer 1s enabled to recognize the position of the
cursor, by generating a plurality of parallax images by
applying a rendering process to volume data that 1s three-
dimensional medical image data from a plurality of view-
point positions, and displaying the parallax images and
graphic 1mages representing the depth-direction position of
a cursor that 1s operable by a pointing device in a three-
dimensional stereoscopic 1image space where a stereoscopic
image 1s displayed by the stereoscopic display apparatus on
a stereoscopic display apparatus.

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 1n 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
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. An 1mage processing system comprising:

a stereoscopic display apparatus configured to display a
stereoscopic 1mage enabled for a stereoscopic vision
using a plurality of parallax 1mages;

a rendering processor configured to generate a plurality of
parallax 1mages by applying a rendering process to
volume data that 1s three-dimensional medical 1image
data, from a plurality of viewpoint positions having
different relative positions with respect to the volume
data; and

a display controller configured to cause the stereoscopic
display apparatus to display a graphic image that
includes a cursor that 1s operable by a given input unit
in a three-dimensional stereoscopic image space in
which a stereoscopic 1mage 1s displayed on the stereo-
scopic display apparatus and an image of a given
graphic indicating a depth-direction position of the
cursor 1n a three-dimensional space represented by a
coordinate system of the volume data, together with the
parallax 1images generated by the rendering processor,
wherein
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the cursor 1s applied with a different color corresponding
to the depth-direction position of the cursor and

the 1image of the given graphic indicates a distribution of
colors that are applied to the cursor corresponding to
the depth-direction position and having a shape extend-
ing in the depth direction.

2. The image processing system according to claim 1,

further comprising;:

a graphic 1mage generator configured to generate a plu-
rality of graphic images by generating three-dimen-
sional graphic data by plotting image data of the cursor
and the given graphic in a cursor virtual space that 1s a
three-dimensional space represented by a same coor-
dinate system as that of the volume data and 1n which
position information of the cursor 1s managed, the
given graphic indicating the depth-direction position of
the cursor 1n the virtual space, and applying a rendering
process to the three-dimensional graphic data thus
generated from the viewpoint positions, wherein

the display controller 1s configured to cause the stereo-
scopic display apparatus to display superimposed
images 1n which, over the parallax 1mages generated by
the rendering processor, the respective graphic images
generated by the graphic image generator and having a
matched viewpoint position are superimposed.

3. The image processing system according to claim 2,

wherein

the graphic 1image generator 1s configured

to generate the three-dimensional graphic data based on a
position of an 1mage of a region 1n a subject represented
by the volume data, by plotting 1image data of a line
connecting the cursor and the 1mage of the region, as
the 1image data of the given graphic, on a plane at a
same depth-direction position as the cursor in the
cursor virtual space.

4. The 1image processing system according to claim 2,
wherein the graphic 1image generator 1s configured to gen-
erate the three-dimensional graphic data based on a position
of an 1mage of a region in a subject represented by the
volume data, by plotting image data of a plane including the
position of the cursor and the position of the image of the
region, as the image data of the given graphic, on a plane at
a same depth-direction position as the cursor in the cursor
virtual space.

5. The image processing system according to claim 4,
wherein the graphic 1image generator 1s configured to gen-
erate the three-dimensional graphic data by plotting image
data of a plane including the position of the cursor and the
position of the image of the region, and image data of a
perpendicular plane perpendicularly intersecting with the
plane, as the image data of the given graphic, in the cursor
virtual space.

6. The image processing system according to claim 2,
wherein the graphic 1mage generator 1s configured to gen-
erate the three-dimensional graphic data based on a position
of an 1mage of a region in a subject represented by the
volume data, by plotting 1mage data of a contour line
indicating a depth-direction component to a position corre-
sponding to a surface of the image of the region 1n the cursor
virtual space.

7. The 1image processing system according to claim 2,
wherein the graphic image generator i1s configured to gen-
erate the three-dimensional graphic data by plotting image
data of the cursor that 1s applied with a different color
corresponding to the depth-direction position of the cursor,
as the image data of the given graphic, 1n the cursor virtual
space.
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8. The 1mage processing system according to claim 7,
wherein the graphic 1image generator 1s configured to gen-
erate the three-dimensional graphic data by plotting the
image of the given graphic indicating a distribution of colors
that are applied to the cursor corresponding to the depth-
direction position, the image data having a shape extending
in the depth direction, 1n the cursor virtual space.

9. The 1mage processing system according to claim 2,
further comprising;:

a light source setting module configured to set a virtual
light source that 1s a virtual light source to a given
position in the cursor virtual space, wherein

the graphic 1image generator 1s configured, when an 1mage
of a region 1n a subject represented by the volume data
1s present between the virtual light source set by the
light source setting module and the cursor, to generate
the three-dimensional graphic data by plotting 1image
data of the cursor on which a shadow of the image of
the region 1s projected 1n the cursor virtual space.

10. The image processing system according to claim 9,
wherein the graphic 1mage generator 1s configured to change
lightness of the shadow of the image of the region projected
on the cursor depending on a distance between the cursor
and the image of the region.

11. The image processing system according to claim 2,
wherein the display controller 1s configured to display the
stereoscopic image with lightness or contrast varied in radial
directions, centering on the position of the cursor in response
to a given operation.

12. The image processing system according to claim 11,
wherein the display controller 1s configured to display the
stereoscopic 1mage so that lightness or contrast of a given
area including the position of the cursor 1s varied in response
to a given operation.

13. The image processing system according to claim 2,
wherein the display controller 1s configured to display a
given area including the position of the cursor and an area
other than the given area in different colors, contrast, or
lightness 1n response to a given operation.

14. The image processing system according to claim 1,
further comprising:

a graphic 1mage generator configured to generate three-
dimensional graphic data by plotting image data of the
cursor and the given graphic 1n a cursor virtual space
that 1s a three-dimensional space represented by a same
coordinate system as that of the volume data and 1n
which position information of the cursor 1s managed,
the given graphic indicating the depth-direction posi-
tion of the cursor in the virtual space, wherein

the rendering processor 1s configured to generate the
parallax 1mages by applying a rendering process to
volume data 1n which the three-dimensional graphic
data generated by the graphic 1image generator 1s syn-
thesized with the volume data, from the viewpoint
positions.

15. The image processing system according to claim 1,

turther comprising:

an operation controller configured to enable the cursor to
be moved between positions 1n the cursor virtual space
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in which the image data of the given graphic 1s plotted
by the graphic 1image generator in response to a given
operation performed while a stereoscopic image 1is
displayed on the stereoscopic display apparatus.

16. An 1mage processing apparatus comprising:

a stereoscopic display apparatus configured to display a
stereoscopic 1mage enabled for a stereoscopic vision
using a plurality of parallax images;

a rendering processor configured to generate a plurality of
parallax 1mages by applying a rendering process to
volume data that 1s three-dimensional medical 1image
data from a plurality of viewpoint positions having
different relative positions with respect to the volume
data; and

a display controller configured to cause the stereoscopic
display apparatus to display a graphic image that
includes a cursor that 1s operable by a given 1nput unit
in a three-dimensional stereoscopic image space 1n
which a stereoscopic 1image 1s displayed on the stereo-
scopic display apparatus and an i1mage of a given
graphic indicating a depth-direction position of the
cursor 1 a three-dimensional space represented by a
coordinate system of the volume data, together with the
parallax 1images generated by the rendering processor,
wherein

the cursor 1s applied with a different color corresponding
to the depth-direction position of the cursor and

the 1image of the given graphic indicates a distribution of
colors that are applied to the cursor corresponding to
the depth-direction position and having a shape extend-
ing 1n the depth direction.

17. An 1mage processing method executed by an image

processing system including a stereoscopic display appara-
tus that displays a stereoscopic image enabled for a stereo-
scopic vision using a plurality of parallax images, the 1mage
processing method comprising:
generating a plurality of parallax images by applying a
rendering process to volume data that 1s three-dimen-
stonal medical image data from a plurality of viewpoint
positions having different relative positions with
respect to the volume data; and
displaying a graphic image that includes a cursor that 1s
operable by a given mput unit 1n a three-dimensional
stereoscopic 1mage space in which a stereoscopic
image 1s displayed on the stereoscopic display appara-
tus and an i1mage of a given graphic indicating a
depth-direction position of the cursor 1n a three-dimen-
sional space represented by a coordinate system of the
volume data, together with the parallax 1mages gener-
ated, on the stereoscopic display apparatus, wherein
the cursor 1s applied with a different color corresponding
to the depth-direction position of the cursor and
the 1image of the given graphic indicates a distribution of
colors that are applied to the cursor corresponding to
the depth-direction position and having a shape extend-
ing 1n the depth direction.
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