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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2012/062664 filed on May
17, 2012 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2011-118328, filed on
May 26, 2011, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus.

BACKGROUND

[0003] Ultrasonic diagnostic apparatuses play an important
role in today’s medical care, because ultrasonic diagnostic
apparatuses are capable of generating and displaying an ultra-
sound image representing tissues directly below where an
ultrasound probe is held against, in real-time.

[0004] Inaddition,knownisa technology for automatically
displaying a “mark” indicating information of a region where
an image is captured onto a monitor, to contribute to infor-
mation provisioning to radiologists or reproducibility in re-
examinations. A “mark” herein is a mark indicating an organ
to be examined (referred to as a body mark or a pictogram), or
a mark indicating where in the organ is scanned with an
ultrasonic wave (referred to as a probe mark).

[0005] By looking at the probe mark plotted on the body
mark displayed with an ultrasound image on the monitor, an
observer (a radiologist or an ultrasonographer) can read posi-
tion information of the ultrasound probe and the scanned
direction. However, information that can be read from these
“marks” displayed on the monitor is two-dimensional infor-
mation. Therefore, an observer of the monitor cannot read
three-dimensional information related to the operation of the
ultrasound probe performed on the body surface of a subject
by an operator, such as an ultrasonographer, in order to cap-
ture the ultrasound image suitable for interpretations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic for explaining an exemplary
structure of an ultrasonic diagnostic apparatus according to a
first embodiment;

[0007] FIG.2A and FIG. 2B are schematics for explaining
an example of a stereoscopic display monitor providing a
stereoscopic vision using a two-parallax image;

[0008] FIG. 3 is a schematic for explaining an example of a
stereoscopic display monitor providing a stereoscopic vision
using a nine-parallax image;

[0009] FIG. 4 is a schematic for explaining an example of a
volume rendering process for generating a parallax image
group;

[0010] FIG. 5A, FIG. 5B, FIG. 6, FIG. 7A, FIG. 7B, and
FIG. 7C are schematics for explaining the acquiring device;
[0011] FIG. 8 and FIG. 9 are schematics for explaining the
example of the display control performed by the controller
according to the first embodiment;
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[0012] FIG. 10 and FIG. 11 are schematics for explaining
another mode of the display control performed by the con-
troller according to the first embodiment explained with ref-
erence to FIGS. 8 and 9;

[0013] FIG. 12 is a flowchart for explaining a process per-
formed by the ultrasonic diagnostic apparatus according to
the first embodiment;

[0014] FIG. 13 is a schematic for explaining a variation of
how the three-dimensional position information is acquired,

[0015] FIG. 14 is a schematic for explaining a second
embodiment;
[0016] FIG. 15 is a flowchart for explaining a process per-

formed by an ultrasonic diagnostic apparatus according to the
second embodiment;

[0017] FIG.16A, FIG. 16B, and FIG. 17 are schematics for
explaining the third embodiment;

[0018] FIG. 18 is a flowchart for explaining a process per-
formed by an ultrasonic diagnostic apparatus according to the
third embodiment; and

[0019] FIG. 19 and FIG. 20 are schematics for explaining
the variation of the first to the third embodiments.

DETAILED DESCRIPTION

[0020] An ultrasonic diagnostic apparatus according to an
embodiment includes a display unit, an image generator, an
acquiring unit, a rendering processor, and a controller. The
display unit is configured to display a stereoscopic image that
1s stereoscopically perceived by an observer, by displaying a
parallax image group that is parallax images having a given
parallax number. The image generator is configured to gen-
erate an ultrasound image based on reflection waves received
by an ultrasound probe held against a subject. The acquiring
unit is configured to acquire three-dimensional position infor-
mation of the ultrasound probe of when an ultrasound image
is captured. The rendering processor is configured to generate
a probe image group that is a parallax image group for allow-
ing the ultrasound probe to be virtually perceived as a stereo-
scopic image through a volume rendering process based on
the three-dimensional position information acquired by the
acquiring unit. The controller configured to control to display
at least one of the ultrasound image and an abutting surface
image depicting an abutting surface of the subject against
which the ultrasound probe is held, as a characterizing image
depicting a characteristic of a condition under which the
ultrasound image is captured, and the probe image group onto
the display unit in a positional relationship based on the
three-dimensional position information.

[0021] An ultrasonic diagnostic apparatus according to an
embodiment will be explained in detail with reference to the
accompanying drawings.

[0022] To begin with, terms used in the embodiment below
will be explained. A “parallax image group” is a group of
images generated by applying a volume rendering process to
volume data while shifting viewpoint positions by a given
parallax angle. In other words, a “parallax image group”
includes a plurality of “parallax images” each of which has a
different “viewpoint position”. A “parallax angle” is an angle
determined by adjacent viewpoint positions among view-
point positions specified for generation of the “parallax image
group” and a given position in a space represented by the
volume data (e.g., the center of the space). A “parallax num-
ber” is the number of “parallax images” required for a stereo-
scopic vision on a stereoscopic display monitor. A “nine-
parallax image” mentioned below means a “parallax image
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group” with nine “parallax images”. A “two-parallax image”
mentioned below means a “parallax image group” with two
“parallax images”. A “‘stereoscopic image” is an image ste-
reoscopically perceived by an observer who is looking at a
stereoscopic display monitor displaying a parallax image
group.

[0023] A structure of an ultrasonic diagnostic apparatus
according to a first embodiment will be explained. F1IG. 1isa
schematic for explaining an example of an exemplary struc-
ture of an ultrasonic diagnostic apparatus according to the
first embodiment. As illustrated in FIG. 1, the ultrasonic
diagnostic apparatus according to the first embodiment
includes an ultrasound probe 1, a monitor 2, an input device 3,
an acquiring device 4, and a main apparatus 10.

[0024] Theultrasound probe 1 includes a plurality of piezo-
electric transducer elements. The piezoelectric transducer
elements generate ultrasonic waves based on driving signals
supplied by a transmitting unit 11 provided in the main appa-
ratus 10, which is to be explained later. The ultrasound probe
1 also receives reflection waves from a subject P and converts
the reflection waves into electrical signals. The ultrasound
probe 1 also includes matching layers provided on the piezo-
electric transducer elements, and a backing material for pre-
venting the ultrasonic waves from propagating backwardly
from the piezoelectric transducer elements. The ultrasound
probe 1 is connected to the main apparatus 10 in a removable
manner.

[0025] When an ultrasonic wave is transmitted from the
ultrasound probe 1 toward the subject P, the ultrasonic wave
thus transmitted is reflected one after another on a discontinu-
ous acoustic impedance surface in body tissues within the
subject P, and received as reflection wave signals by the
piezoelectric transducer elements in the ultrasonic probe 1.
The amplitude of the reflection wave signals thus received
depends on an acoustic impedance difference on the discon-
tinuous surface on which the ultrasonic wave is reflected.
When a transmitted ultrasonic wave pulse is reflected on a
moving blood flow or the surface of a cardiac wall, the fre-
quency of the reflection wave signal thus received is shifted
by the Doppler shift depending on the velocity component of
the moving object with respect to the direction in which the
ultrasonic wave is transmitted.

[0026] The first embodiment is applicable to both cases
where the ultrasound probe 1 is an ultrasound probe that scans
the subject P two-dimensionally with an ultrasonic wave, and
where the ultrasound probe 1 is an ultrasound probe that scans
the subject P three-dimensionally. Known as the ultrasound
probe 1 that scans the subject P three-dimensionally is a
mechanical scanning probe that scans the subject P three-
dimensionally by swinging a plurality of ultrasound trans-
ducer elements scanning the subject P two-dimensionally by
a predetermined angle (swinging angle). Known as the ultra-
sound probe 1 that scans the subject P three-dimensionally is
a two-dimensional ultrasound probe that is capable of per-
forming three-dimensional ultrasound scanning on the sub-
ject P with a plurality of ultrasound transducer elements
arranged in a matrix. Such a two-dimensional ultrasound
probe is also capable of scanning the subject P two-dimen-
sionally by converging the ultrasonic wave and transmitting
the converged ultrasonic wave.

[0027] Explained below is an example in which the ultra-
sound probe 1 is an ultrasound probe scanning the subject P
two-dimensionally with an ultrasonic wave.

Feb. 27,2014

[0028] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a track ball, a joystick, and a haptic device, for
example. The input device 3 receives various setting requests
from an operator of the ultrasonic diagnostic apparatus, and
forwards the various setting requests thus received to the main
apparatus 10.

[0029] The monitor 2 displays a graphical user interface
(GUI) for allowing the operator of the ultrasonic diagnostic
apparatus to input various setting requests using the input
device 3, and an ultrasound image generated by the main
apparatus 10, for example.

[0030] The monitor 2 according to the first embodiment is
a monitor that displays a stereoscopic image that is stereo-
scopically perceived by an observer by displaying a group of
parallax images in a given parallax number (hereinafter,
referred to as a stereoscopic display monitor). A stereoscopic
display monitor will now be explained.

[0031] A common, general-purpose monitor that is most
widely used today displays two-dimensional images two-
dimensionally, and is not capable of displaying a two-dimen-
sional image stereoscopically. If an observer requests a ste-
reoscopic vision on the general-purpose monitor, an
apparatus outputting images to the general-purpose monitor
needs to display two-parallax images in parallel that can be
perceived by the observer stereoscopically, using a parallel
technique or a crossed-eye technique. Alternatively, the appa-
ratus outputting images to the general-purpose monitor needs
to present images that can be perceived stereoscopically by
the observer with anaglyph, which uses a pair of glasses
having a red filter for the left eye and a blue filter for the right
eye, using a complementary color method, for example.
[0032] Some stereoscopic display monitors display two-
parallax images (also referred to as binocular parallax
images) to enable stereoscopic vision using binocular paral-
lax (hereinafter, also mentioned as a two-parallax monitor).
[0033] FIGS. 2A and 2B are schematics for explaining an
example of a stereoscopic display monitor providing a ste-
reoscopic vision using two-parallax images. The example
illustrated in FIGS. 2A and 2B represents a stereoscopic
display monitor providing a stereoscopic vision using a shut-
ter technique. In this example, a pair of shutter glasses is used
as stereoscopic glasses worn by an observer who observes the
monitor. The stereoscopic display monitor outputs two-par-
allax images onto the monitor alternatingly. For example, the
monitor illustrated in FIG. 2A outputs an image for the left
eye and an image for the right eye alternatingly at 120 hertz.
An infrared emitter is 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.
[0034] The infrared output from the infrared emitter is
received by an infrared receiver provided on the shutter
glasses illustrated in FIG. 2A. A shutter is installed on the
frame on each side of the shutter glasses. The shutter glasses
switch the right shutter and the left shutter between a trans-
missive state and a light-blocking state alternatingly, 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.
[0035] As illustrated in FIG. 2B, each of the shutters
includes an incoming polarizer and an outgoing polarizer, and
also includes a liquid crystal layer interposed between the
incoming polarizer and the outgoing polarizer. The incoming
polarizer and the outgoing polarizer are orthogonal to each
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other, as illustrated in FIG. 2B. In an “OFF” state during
which a voltage is not applied as illustrated in FIG. 2B, the
light having passed through the incoming polarizer is rotated
by 90 degrees by the effect of the liquid crystal layer, and thus
passes through the outgoing polarizer. In other words, a shut-
ter with no voltage applied is in the transmissive state.

[0036] By contrast, as illustrated in FIG. 2B, in an “ON”
state during which a voltage is applied, the polarization rota-
tion effect of liquid crystal molecules in the liquid crystal
layer is lost. Therefore, the light having passed through the
incoming polarizer is blocked by the outgoing polarizer. In
other words, the shutter applied with a voltage is in the light-
blocking state.

[0037] The infrared emitter outputs infrared for a time
period while which an image for the left eye is displayed on
the monitor, for example. During the time the infrared
receiver is receiving infrared. no voltage is applied to the
shutter for the left eye, while a voltage is applied to the shutter
for the right eye. In this manner, as illustrated in FIG. 2A, the
shutter for the right eye is in the light-blocking state and the
shutter for the left eye is in the transmissive state to cause the
image for the left eye to enter the left eye of the observer. For
a time period while which an image for the right eye is
displayed on the monitor, the infrared emitter stops output-
ting infrared. When the infrared receiver receives no infrared,
a voltage is applied to the shutter for the left eye, while no
voltage is applied to the shutter for the right eye. In this
manner, the shutter for the left eye is in the light-blocking
state, and the shutter for the right eye is in the transmissive
state to cause 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 makes a display that
can be stereoscopically perceived by the observer, by switch-
ing the states of the shutters in association with the images
displayed on the monitor.

[0038] In addition to apparatuses providing a stereoscopic
vision using the shutter technique, known as two-parallax
monitors are an apparatus using a pair of polarized glasses
and an apparatus using a parallax barrier and providing a
stereoscopic vision.

[0039] Some stereoscopic display monitors that have
recently been put into practical use allow multiple parallax
images, e.g., nine-parallax images, to be stereoscopically
viewed by an observer with the naked eyes, by adopting a
light ray controller such as a lenticular lens. This type of
stereoscopic display monitor enables stereoscopic viewing
due to binocular parallax, and further enables stereoscopic
viewing due to motion parallax that provides an image vary-
ing according to motion of the viewpoint of the observer.

[0040] FIG. 3 is a schematic for explaining an example of a
stereoscopic display monitor providing a stereoscopic vision
using nine-parallax images. In the stereoscopic display moni-
tor illustrated in FIG. 3, a light ray controller is arranged on
the front surface of a flat display screen 200 such as a liquid
crystal panel. For example, in the stereoscopic display moni-
tor illustrated in FIG. 3, a vertical lenticular sheet 201 having
an optical aperture extending in a vertical direction is fitted on
the front surface of the display screen 200 as a light ray
controller. Although the vertical lenticular sheet 201 is 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.
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[0041] As illustrated in FIG. 3, the display screen 200 has
pixels 202 that are arranged in a matrix. Each of the pixels 202
has an aspect ratio of3:1, 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 images consisting of nine images into an inter-
mediate image in a given format (e.g., a grid-like format), and
outputs the result onto the display screen 200. In other words,
the stereoscopic display monitor illustrated in FIG. 3 assigns
and outputs nine pixels located at the same position in the
nine-parallax images to the pixels 202 arranged in nine col-
umns. The pixels 202 arranged in nine columns function as a
unit pixel set 203 that displays nine images from different
viewpoint positions at the same time.

[0042] The nine-parallax images simultaneously output as
the unit pixel set 203 onto the display screen 200 are radiated
with a light emitting diode (LED) backlight, for example, as
parallel rays, and travel further in multiple directions through
the vertical lenticular sheet 201. Light for each of the pixels
included in the nine-parallax images is output in multiple
directions, whereby the light entering the right eye and theleft
eye of the observer changes as the position (viewpoint posi-
tion) 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 image entering
the left eye are at different parallax angles. Therefore, the
observer can perceive a captured object stereoscopically from
any one of the nine positions illustrated in FIG. 3, for
example. At the position “5”illustrated in FIG. 3, the observer
can perceive the captured object stereoscopically as the object
faces directly the observer. At each of the positions other than
the position “5” illustrated in FIG. 3, the observer can per-
ceive the captured object stereoscopically with its orientation
changed. The stereoscopic display monitor illustrated in FIG.
3 is merely an example. The stereoscopic display monitor for
displaying nine-parallax images may be a liquid crystal with
horizontal stripes of “RRR ..., GGG ...,BBB...” as
illustrated in FIG. 3, or a liquid crystal with vertical stripes of
“RGBRGB . .. ”. The stereoscopic display monitor illustrated
in FIG. 3 may be a monitor using a vertical lens in which the
lenticular sheet is arranged vertically as illustrated in FIG. 3,
or a monitor using a diagonal lens in which the lenticular
sheet is arranged diagonally. Hereinafter, the stereoscopic
display monitor explained with reference to FIG. 3 is referred
to as a nine-parallax monitor.

[0043] Inother words, the two-parallax monitor is a stereo-
scopic display monitor that displays a stereoscopic image that
is perceived by an observer by displaying a parallax image
group that are two-parallax image having a given parallax
angle between these images (two-parallax image). The nine-
parallax monitor is a stereoscopic display monitor that dis-
plays a stereoscopic image that is perceived by an observer by
displaying a parallax image group that are nine-parallax
images having a given parallax angle between the images
(nine-parallax images).

[0044] Thefirst embodiment is applicable to both examples
in which the monitor 2 is atwo-parallax monitor, and in which
the monitor 2 is a nine-parallax monitor. Explained below is
an example in which the monitor 2 is a nine-parallax monitor.
[0045] Referring back to FIG. 1, the acquiring device 4
acquires three-dimensional position information of the ultra-
sound probe 1. Specifically, the acquiring device 4 is a device
that acquires three-dimensional position information of the
ultrasound probe 1 of when an ultrasound image is captured.
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More specifically, the acquiring device 4 is a device that
acquires three-dimensional position information of the ultra-
sound probe 1 with respect to an abutting surface of the
subject P against which the ultrasound probe 1 is held when
the ultrasound image is captured. If the ultrasound probe 1 is
an external probe, an abutting surface would be a body sut-
face of the subject P. In such a case, the acquiring device 4
acquires the three-dimensional position information of the
ultrasound probe 1 with respect to the body surface of the
subject P of when an ultrasound image is captured. When the
ultrasound probe 1 is a luminal probe, such as a transesoph-
ageal echocardiographic (TEE) probe used in transesoph-
ageal echocardiography, the abutting surface would be the
inner wall of the lumen in which the ultrasound probe 1 is
inserted in the subject P. In such a case, the acquiring device
4 acquires three-dimensional position information of the
ultrasound probe 1 with respect to the interluminal wall of the
subject P of when an ultrasound image is captured. The three-
dimensional position information of the ultrasound probe 1
acquired by the acquiring device 4 according to the embodi-
ment is not limited to the three-dimensional position infor-
mation of the ultrasound probe 1 with respect to the abutting
surface. In the embodiment, “a sensor or a transmitter trans-
mitting a magnetic signal” for establishing a reference posi-
tion may be mounted on the ultrasonic diagnostic apparatus
or a bed, for example, and a position of the ultrasound probe
1 with respect to the sensor or the transmitter thus mounted
may be used as the three-dimensional position information of
the ultrasound probe 1.

[0046] For example, the acquiring device 4 includes a sen-
sor group 41 being position sensors mounted on the ultra-
sound probe 1, atransmitter 42, and a signal processor 43. The
sensor group 41 includes position sensors, an example of
which includes magnetic sensors. The transmitter 42 is
arranged at any desired position, and generates a magnetic
field outwardly from the acquiring device 4 as the center.
[0047] The sensor group 41 detects three-dimensional
magnetic field generated by the transmitter 42, converts the
magnetic field information thus detected into a signal, and
outputs the signal to the signal processor 43. The signal pro-
cessor 43 calculates the positions (coordinates) of the sensor
group 41 within a space having a point of origin at the trans-
mitter 42 based on the signals received from the sensor group
41, and outputs the positions thus calculated to a controller
18, which is to be described later. An image of the subject P is
captured within a range of the magnetic field in which the
sensor group 41 mounted on the ultrasound probe 1 is capable
of detecting the magnetic field of the transmitter 42 accu-
rately.

[0048] The sensor group 41 according to the first embodi-
ment will be explained later in detail.

[0049] The main apparatus 10 illustrated in FIG. 1 is an
apparatus that generates ultrasound image data based on
reflection waves received by the ultrasound probe 1. The main
apparatus 10 includes a transmitting unit 11, a receiving umt
12, a B-mode processor 13, a Doppler processor 14, an image
generator 15, a rendering processor 16, an image memory 17,
a controller 18, and an internal storage 19.

[0050] The transmitting unit 11 includes a trigger generator
circuit, a transmission delay circuit, a pulser circuit, and the
like, and supplies a driving signal to the ultrasound probe 1.
The pulser circuit generates a rate pulse used in generating
ultrasonic waves to be transmitted, repeatedly at a given rate
frequency. The transmission delay circuit adds a delay time
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corresponding to each of the piezoelectric transducer ele-
ments to each of the rate pulses generated by the pulser
circuit. Such a delay time is required for determining trans-
mission directivity by converging the ultrasonic waves gen-
erated by the ultrasound probe 1 into a beam. The trigger
generator circuit applies a driving signal (driving pulse) to the
ultrasound probe 1 at the timing of the rate pulse. In other
words, by causing the delay circuit to change the delay time to
be added to each of the rate pulses, the direction in which the
ultrasonic wave is transmitted from a surface of the piezo-
electric transducer element is arbitrarily adjusted.

[0051] The transmitting unit 11 has a function of changing
a transmission frequency, a transmission driving voltage, and
the like instantaneously before executing a certain scan
sequence, based on an instruction of the controller 18 to be
described later. In particular, a change in the transmission
driving voltage is performed by a linear amplifier type trans-
mission circuit that is cable of switching its values instanta-
neously, or a mechanism for electrically switching a plurality
of power units.

[0052] The receiving unit 12 includes an amplifier circuit,
an analog-to-digital (A/D) converter, an adder, and the like.
The receiving unit 12 generates reflection wave data by apply-
ing various processes to the reflection wave signals received
by the ultrasound probe 1. The amplifier circuit amplifies the
reflection wave signal on each channel, and performs a gain
correction. The A/D converter performs an A/D conversion to
the reflection wave signal having gain corrected, and adds a
delay time required for determining reception directivity to
the digital data. The adder performs an addition to the reflec-
tion wave signals processed by the A/D converter, to generate
the reflection wave data. Through the addition performed by
the adder, a reflection component in the direction correspond-
ing to the reception directivity of the reflection wave signals
is emphasized.

[0053] Inthe manner described above, the transmitting unit
11 and the receiving unit 12 control the transmission direc-
tivity and the reception directivity of the ultrasonic wave
transmissions and receptions, respectively.

[0054] When the ultrasound probe 1 is a probe capable of
three-dimensional scanning, the transmitting unit 11 is also
capable of transmitting a three-dimensional ultrasound beam
from the ultrasound probe 1 to the subject P, and the receiving
unit 12 is also capable of generating three-dimensional reflec-
tion wave data from the three-dimensional reflection wave
signals received by the ultrasound probe 1.

[0055] The B-mode processor 13 receives the reflection
wave data from the receiving unit 12, and performs a loga-
rithmic amplification, an envelope detection, and the like, to
generate data (B-mode data) in which signal intensity is rep-
resented as a luminance level.

[0056] The Doppler processor 14 analyzes the frequencies
in velocity information included in the reflection wave data
received from the receiving unit 12, and extracts blood flow,
tissue, and contrast agent echo components resulted from the
Doppler shift, and generates data (Doppler data) that is mov-
ing object information such as an average velocity, a variance,
a power, and the like extracted for a plurality of points.
[0057] The B-mode processor 13 and the Doppler proces-
sor 14 according to the first embodiment are capable of pro-
cessing both of two-dimensional reflection wave data and
three-dimensional reflection wave data. In other words, the
B-mode processor 13 is capable of generating three-dimen-
sional B-mode data from three-dimensional reflection wave
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data, as well as generating two-dimensional B-mode data
from two-dimensional reflection wave data. The Doppler pro-
cessor 14 is capable of generating two-dimensional Doppler
data from two-dimensional reflection wave data, and genet-
ating three-dimensional Doppler data from three-dimen-
sional reflection wave data.

[0058] The image generator 15 generates an ultrasound
image based on the reflection waves received by the ultra-
sound probe 1 held against the body surface of the subject P.
In other words, the image generator 15 generates ultrasound
image data from the data generated by the B-mode processor
13 and by the Doppler processor 14. Specifically, the image
generator 15 generates B-mode image data in which the
intensity of a reflection wave is represented as a luminance
from two-dimensional B-mode data generated by the B-mode
processor 13. The image generator 15 generates an average
velocity image, a variance image, or a power image repre-
senting the moving object information, or color Doppler
image data being a combination of these images, from the
two-dimensional Doppler data generated by the Doppler pro-
cessor 14.

[0059] Generally, the image generator 15 converts rows of
scan line signals from an ultrasound scan into rows of scan
line signals in a video format, typically one used for television
(performs a scan conversion), to generate ultrasound image
data to be displayed. Specifically, the image generator 15
generates ultrasound image data to be displayed by perform-
ing a coordinate conversion in accordance with a way in
which an ultrasound scan is performed with the ultrasound
probe 1. The image generator 15 also synthesizes various
character information for various parameters, scales, body
marks, and the like to the ultrasound image data.

[0060] The image generator 15 is also capable of generat-
ing three-dimensional ultrasound image data. In other words,
the image generator 15 can generate three-dimensional
B-mode image data by performing a coordinate conversion to
the three-dimensional B-mode data generated by the B-mode
processor 13. The image generator 15 can also generate three-
dimensional color Doppler image data by performing a coor-
dinate conversion to the three-dimensional Doppler data gen-
erated by the Doppler processor 14.

[0061] The rendering processor 16 performs various ren-
dering processes to volume data. Specifically, the rendering
processor 16 is a processor that performs various processes to
volume data. Volume data is three-dimensional ultrasound
image data generated by capturing images of the subject P in
the real space, or virtual volume data plotted in a virtual
space. For example, the rendering processor 16 performs
rendering processes to three-dimensional ultrasound image
data to generate two-dimensional ultrasound image data to be
displayed. The rendering processor 16 also performs render-
ing processes to virtual volume data to generate two-dimen-
sional image data that is to be superimposed over the two-
dimensional ultrasound image data to be displayed.

[0062] Therendering processes performed by the rendering
processor 16 include a process of reconstructing a multi-
planer reconstruction (MPR) image by performing a multi-
planer reconstruction. The rendering processes performed by
the rendering processor 16 include a process of applying a
“curved MPR” to the volume data, and a process of applying
“Intensity projection” to the volume data.

[0063] Therendering processes performed by the rendering
processor 16 also include volume rendering process for gen-
erating a two-dimensional image reflected with three-dimen-
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sional information. In other words, the rendering processor
16 generates a parallax image group by performing volume
rendering processes to three-dimensional ultrasound image
data or virtual volume data from a plurality of viewpoint
positions having the center at a reference viewpoint position.
Specifically, because the monitor 2 is a nine-parallax monitor,
the rendering processor 16 generates nine-parallax images by
performing volume rendering processes to the volume data
from nine viewpoint positions having the center at the refer-
ence viewpoint position.

[0064] The rendering processor 16 generates nine-parallax
images by performing a volume rendering process illustrated
in FIG. 4 under the control of the controller 18, which is to be
described later. FIG. 4 is a schematic for explaining an
example of a volume rendering process for generating a par-
allax image group.

[0065] Forexample, it is assumed herein that the rendering
processor 16 receives parallel projection as a rendering con-
dition, and a reference viewpoint position (5) and a parallax
angle of “one degree”, as illustrated in a “nine-parallax image
generating method (1)”inFIG. 4. In sucha case, the rendering
processor 16 generates nine-parallax images, each having a
parallax angle (angle between the lines of sight) shifted by
one degree, by parallel projection, by moving a viewpoint
position in parallel from (1) to (9) in such a way that the
parallax angle is set in every “one degree”. Before performing
parallel projection, the rendering processor 16 establishes a
light source radiating parallel light rays from the infinity
along the line of sight.

[0066] Alternatively, it is assumed that the rendering pro-
cessor 16 receives perspective projection as a rendering con-
dition, and a reference viewpoint position (5) and a parallax
angle of “one degree”, as illustrated in “nine-parallax image
generating method (2)”in FIG. 4. In such a case, the rendering
processor 16 generates nine-parallax images, each having a
parallax angle shifted by one degree, by perspective projec-
tion, 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 is set in every “one degree”.
Before performing perspective projection, the rendering pro-
cessor 16 establishes a point light source or a surface light
source radiating light three-dimensionally about the line of
sight, for each of the viewpoint positions. Alternatively, when
perspective projection is to be performed, the viewpoint posi-
tion (1) to (9) may be shifted in parallel depending on render-
ing conditions.

[0067] The rendering processor 16 may also perform a
volume rendering process using both parallel projection and
perspective projection, by establishing a light source radiat-
ing light two-dimensionally, radially from a center 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.

[0068] The nine-parallax images thus generated corre-
spond to a parallax image group. In other words, the parallax
image group is a group of images for a stereoscopic vision,
generated from the volume data.

[0069] When the monitor 2 is a two-parallax monitor, the
rendering processor 16 generates two-parallax images by
setting two viewpoint positions, for example, having a paral-
lax angle of “one degree” from the center at the reference
viewpoint position.
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[0070] Therendering processor 16 also has a drawing func-
tion for generating a two-dimensional image in which a given
form is represented.

[0071] As mentioned earlier, the rendering processor 16
generates a parallax image group through the volume render-
ing process, not only from three-dimensional ultrasound
image data but also from virtual volume data. The image
generator 15 generates a synthesized image group in which
ultrasound image data and a parallax image group generated
by the rendering processor 16 are synthesized. The parallax
image group generated from the virtual volume data by the
rendering processor 16 according to the first embodiment and
the synthesized image group generated by the image genera-
tor 15 according to the first embodiment will be explained
later in detail.

[0072] The image memory 17 is a memory for storing
therein image data generated by the image generator 15 and
the rendering processor 16. The image memory 17 can also
store therein data generated by the B-mode processor 13 and
the Doppler processor 14.

[0073] The internal storage 19 stores therein control pro-
grams for transmitting and receiving ultrasonic waves, pet-
forming image processes and displaying processes, and vari-
ous data such as diagnostic information (e.g., a patient
identification (ID) and observations by a doctor), a diagnostic
protocol, and various body marks, and the like. The internal
storage 19 is also used for storing therein the image data
stored in the image memory 17, for example, as required.
[0074] The internal storage 19 also stores therein offset
information for allowing the acquiring device 4 to acquire the
position information of the sensor group 41 with respect to an
abutting surface (e.g., body surface) of the subject P as three-
dimensional position information of the ultrasound probe 1.
The offset information will be described later in detail.
[0075] The controller 18 controls the entire process per-
formed by the ultrasonic diagnostic apparatus. Specifically,
the controller 18 controls the processes performed by the
transmitting unit 11, the receiving unit 12, the B-mode pro-
cessor 13, the Doppler processor 14, the image generator 15,
and the rendering processor 16 based on various setting
requests input by the operator via the input device 3, or
various control programs and various data read from the
internal storage 19. For example, the controller 18 controls
the volume rendering process performed by the rendering
processor 16 based on the three-dimensional position infor-
mation of the ultrasound probe 1 acquired by the acquiring
device 4.

[0076] The controller 18 also controls to display ultrasound
image data to be displayed stored in the image memory 17 or
the internal storage 19 onto the monitor 2. Specifically, the
controller 18 according to the first embodiment displays a
stereoscopic image that can be perceived stereoscopically by
an observer (an operator of the ultrasonic diagnostic appara-
tus) by converting the nine-parallax images into an interme-
diate image in which the parallax image group is arranged in
a predetermined format (e.g., a grid-like format), and output-
ting the intermediate image to the monitor 2 being a stereo-
scopic display monitor.

[0077] The overall structure of the ultrasonic diagnostic
apparatus according to the first embodiment is explained
above. The ultrasonic diagnostic apparatus according to the
first embodiment having such a structure performs a process
described below to provide three-dimensional information
related to an operation of the ultrasound probe 1.
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[0078] As mentioned above, the acquiring device 4
acquires the three-dimensional position information of the
ultrasound probe 1 of when an ultrasound image is captured.
Specifically, the acquiring device 4 acquires the three-dimen-
sional position information using the position sensors (the
sensor group 41) mounted on the ultrasound probe 1. FIGS.
5A,5B,5C, 6, 7A, 7B, and 7C are schematics for explaining
the acquiring device.

[0079] For example, as illustrated in FIG. SA, three mag-
netic sensors that are a magnetic sensor 4la, a magnetic
sensor 415, and a magnetic sensor 41¢ are mounted on the
surface of the ultrasound probe 1 as the sensor group 41. The
magnetic sensor 41a and the magnetic sensor 415 are
mounted in parallel with a direction in which the transducer
elements are arranged, as illustrated in FIG. 5A. The mag-
netic sensor 41¢ is mounted near the top end of the ultrasound
probe 1, as illustrated in FIG. 5A.

[0080] As information of positions where the sensor group
41 is mounted, for example, offset information (L1 to L4)
illustrated in FIG. 5B is stored in the internal storage 19. The
distance “L1” is a distance between a line connecting posi-
tions where the magnetic sensor 41a and the magnetic sensor
415 are mounted and a position where the magnetic sensor
41c is mounted, as illustrated in FIG. 5B.

[0081] The distance “L2” is a distance between the line
connecting the positions where the magnetic sensor 41a and
the magnetic sensor 415 are mounted and the surface on
which the transducer elements are arranged. In other words,
the distance “L.2” represents a distance between the line con-
necting the positions where the magnetic sensor 41¢ and the
magnetic sensor 416 are mounted and the abutting surface
(for example, body surface of the subject P), as illustrated in
FIG. 5B.

[0082] The distance “L.3” is a distance between the mag-
netic sensor 41a and the magnetic sensor 41¢ along the direc-
tion in which the transducer elements are arranged, as illus-
trated in FIG. 5B. The distance “L.4” is a distance between the
magnetic sensor 415 and the magnetic sensor 41¢ in the
direction in which the transducer elements are arranged, as
illustrated in FIG. 5B.

[0083] To capture a B-mode image most suitable for image
diagnosis, for example, an operator moves the ultrasound
probe 1 to different directions while holding the ultrasound
probe 1 against the body surface of the subject P, as illustrated
in FIG. 6. The signal processor 43 in the acquiring device 4
can acquire three-dimensional position information of the
ultrasound probe 1 with respect to the body surface of the
subject P of when the image is captured, using the offset
information illustrated in FIG. 5B, from acquired positions
(coordinates) of the sensor group 41, as illustrated in FIG. 6.
[0084] Before causing the acquiring device 4 to acquire the
three-dimensional position information of the ultrasound
probe 1, an operator may choose a pattern for acquiring the
three-dimensional position information, as required. For
example, when an operator captures an image by moving the
ultrasound probe 1 in parallel, while keeping the angle of the
ultrasound probe 1 with respect to the subject P fixed, the
operator chooses causing the acquiring device 4 to acquire the
position of only one of the magnetic sensors in the sensor
group 41 or the position of the gravity center of the sensor
group 41 (first acquiring pattern). When the first acquiring
pattern is selected, the acquiring device 4 acquires the three-
dimensional position information of the ultrasound probe 1 in
the real space as a single trajectory, as illustrated in FIG. 7A.
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The three-dimensional position information illustrated in
FIG. 7A represents information of a position on a body sut-
face or an interluminal wall of the subject P against which the
ultrasound probe 1 is held in contact. When the reference
position is set to a bed or to the main unit of the ultrasonic
diagnostic apparatus, three-dimensional position information
is represented as information of a position in absolute coor-
dinates, instead of as a relationship with respect to the subject
P. The first acquiring pattern is selected, for example, when
ultrasound elastography, in which an operator moves the
ultrasound probe 1 up and down in the vertical directions with
respect to a body surface, is conducted.

[0085] There are also situations where an operator captures
an image by moving the ultrasound probe 1in different direc-
tions while keeping the angle of the ultrasound probe 1 with
respect to the subject P fixed, for example. In such a case, the
operator selects to cause the acquiring device 4 to acquire the
position of the magnetic sensor 41a and the magnetic sensor
415 (second acquiring pattern), for example. When the sec-
ond acquiring pattern is selected, the acquiring device 4
acquires the three-dimensional position information of the
ultrasound probe 1 in the real space as two trajectories, as
illustrated in FIG. 7B. The three-dimensional position infor-
mation illustrated in FIG. 7B represents a position on a body
surface or an interluminal wall of the subject P against which
the ultrasound probe 1 is held in contact and information of a
position of the ultrasound beam in a lateral direction. When
the second acquiring pattern is selected, the acquiring device
4 can also acquire the three-dimensional position information
of a rotating movement of the ultrasound probe 1 performed
by the operator.

[0086] There are also situations where the operator cap-
tures an image by moving the ultrasound probe 1 in different
angles and different directions. In such a case, the operator
selects to cause the acquiring device 4 to acquire all of the
positions of the sensor group 41 (third acquiring pattern).
When the third acquiring pattern is selected, the acquiring
device 4 acquires the three-dimensional position information
ofthe ultrasound probe 1 in the real space as three trajectories.
In this manner, the acquiring device 4 can also acquire three-
dimensional position information related to a degree by
which the ultrasound probe 1 is inclined by the operator, as
illustrated in FIG. 7B. When the third acquiring pattern is
selected, the acquiring device 4 represents a position on a
body surface or an interluminal wall of the subject P against
which the ultrasound probe 1 is held in contact, and position
information of the ultrasound beam in the lateral direction
and in a depth direction. The third acquiring pattern is a
pattern that is selected in a general image capturing, and
selected when an apical four-chamber view is captured based
on an apical approach, for example.

[0087] Explained below is an example in which a B-mode
image is captured after the third acquiring pattern is selected.
Explained below is an example in which an ultrasound scan-
ning is performed with the ultrasound probe 1 that is an
external probe. In other words, explained below is an example
in which the abutting surface is a body surface of the subject
P. In such a case, the acquiring device 4 acquires three-
dimensional position information of the ultrasound probe 1
moved on the body surface of the subject P by an operation of
an operator. The acquiring device 4 then notifies the controller
18 of the three-dimensional position information thus
acquired. The controller 18 acquires the three-dimensional
position information of the ultrasound probe 1 with respect to

Feb. 27,2014

the body surface of when the image is captured from the
acquiring device 4, and controls to perform a rendering pro-
cess to virtual volume data of the ultrasound probe 1 based on
the three-dimensional position information thus acquired.
[0088] Specifically, the rendering processor 16 generates a
probe image group thatis a parallax image group for allowing
the ultrasound probe 1 to be virtually perceived as a stereo-
scopic image through a volume rendering process, based on
the three-dimensional position information acquired by the
acquiring device 4. To explain using an example, the rendet-
ing processor 16 moves virtual volume data of the ultrasound
probe 1 plotted in a virtual space (hereinafter, mentioned as
virtual probe three-dimensional (3D) data), in parallel or
rotates the virtual volume data, based on the three-dimen-
sional position information. The rendering processor 16 then
establishes a reference viewpoint position with respect to the
virtual probe 3D data thus moved. For example, the reference
viewpoint position is set to a position facing directly to the
captured B-mode image. The rendering processor 16 then sets
up nine viewpoint positions each having a parallax angle of
one degree from each other, from the reference viewpoint
position located at the center, toward the center of gravity of
the virtual probe 3D data, for example.

[0089] The rendering processor 16 then generates a probe
image group “probe images (1) to (9)” by performing a vol-
ume rendering process using perspective projection, from the
nine viewpoint positions toward the center of gravity of vir-
tual probe 3D data, for example.

[0090] Thecontroller 18 controls to display “at least one of
an ultrasound image generated by the image generator 15 and
an abutting surface image depicting the abutting surface of the
subject P against which the ultrasound probe 1 is held in
contact, as a characterizing image depicting a characteristic
of a condition under which the image is captured” and the
probe image group onto the monitor 2, in a positional rela-
tionship based on the three-dimensional position informa-
tion. In the embodiment, the abutting surface image is a body
surface image indicating a body surface of the subject P. For
example, an ultrasound image as a characterizing image is a
B-mode image generated from the reflection waves received
by the ultrasound probe 1 when the acquiring device 4
acquired the three-dimensional position information used for
generating the probe image group. A body surface image that
is an abutting surface image as a characterizing image is,
specifically, a body mark schematically depicting a region
from which an ultrasound image is captured. More specifi-
cally, the body surface image as a characterizing image is a
3D body mark that is a three-dimensional representation of
the captured region, or a rendering image generated from the
volume data of the captured region. An example of a render-
ing image as a body surface image includes a surface rendet-
ing image of mammary gland tissues being a captured region.
Another example of a rendering image as a body surface
image includes an MPR image of mammary gland tissues
being a captured region. Another example of a rendering
image as a body surface image includes an image in which a
surface rendering image of mammary gland tissues being a
captured region is synthesized with an MPR image that is a
sectional view of the mammary gland tissues.

[0091] To control to display in the manner explained above,
the controller 18 causes the image generator 15 to generate a
synthesized image group “synthesized images (1) to (9)”. In
each one of these “synthesized images (1) to (9)”, each one of
the “probe images (1) to (9)” is synthesized with a B-mode
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image in a positional relationship based on the three-dimen-
sional position information, for example. Alternatively, the
controller 18 causes the image generator 15 to generate a
synthesized image group “synthesized images (1) to (9)” in
which each one of the “probe images (1) to (9)” is synthesized
with a B-mode image and a body surface image (a 3D body
mark of a breast or a rendering image of mammary gland
tissues) in a positional relationship based on the three-dimen-
sional position information, for example. The controller 18
then causes the monitor 2 to display a stereoscopic image of
the synthesized image group, by causing to display the syn-
thesized image group “synthesized images (1) to (9)”, respec-
tively, onto the pixels 202 arranged in nine columns (see FIG.
3). The controller 18 also stores the synthesized image group
(the probe image group and the characterizing image) dis-
played onto the monitor 2 in the image memory 17 or in the
internal storage 19. For example, the controller 18 stores the
synthesized image group displayed onto the monitor 2 in
association with an examination ID.

[0092] FIGS. 8 and 9 are schematics for explaining an
example of the display control performed by the controller
according to the first embodiment. For example, when the
B-mode image is specified as a characterizing image, the
monitor 2 displays a synthesized image group in which the
probe image group and a B-mode image “F1” are synthesized
in a positional relationship based on the three-dimensional
position information, under the display control performed by
the controller 18, as illustrated in FIG. 8.

[0093] When the B-mode image and the rendering image of
a captured region are specified as a characterizing image, for
example, the monitor 2 displays a synthesized image group in
which the probe image group, the B-mode image “F1”, and a
rendering image “F2” of mammary gland tissues are synthe-
sized in a positional relationship based on the three-dimen-
sional position information, under the display control per-
formed by the controller 18, as illustrated in FIG. 9.

[0094] Displayed and stored in the example explained
above is a synthesized image group of when a specific ultra-
sound image is captured. However, the embodiment is also
applicable to an example in which a plurality of synthesized
image groups of when a plurality of ultrasound images is
captured are displayed and stored. FIGS. 10 and 11 are sche-
matics for explaining another example of the display control
performed by the controller according to the first embodiment
explained with reference to FIGS. 8 and 9.

[0095] The image generator 15 generates a plurality of
ultrasound images in a temporal order, based on reflection
waves received by the ultrasound probe 1 in the temporal
order. Specifically, while an operator is operating the ultra-
sound probe 1 to capture a B-mode image in which a tumor
region of a breast is clearly represented, the image generator
15 generates a plurality of B-mode images in the temporal
order. For example, the image generator 15 generates a
B-mode image “F1(t1)” at time “t1”, and a B-mode image
“F1(t2)” at time “t2”.

[0096] The acquiring device 4 acquires temporal-order
three-dimensional position information that is associated
with time information of the time such images are captured.
Specifically, the acquiring device 4 acquires the three-dimen-
sional position information of the time each of the temporal-
order ultrasound images are captured, in a manner associated
with the time information at which such an image is captured.
Forexample, the acquiring device 4 acquires the three-dimen-
sional position information acquired at time “t1”, associates
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the time information “t1” to the three-dimensional position
information thus acquired, and notifies the controller 18 of the
information. For example, the acquiring device 4 acquires the
three-dimensional position information acquired at time “t2”,
associates the time information “t2” to the three-dimensional
position information thus acquired, and notifies the controller
18 of the information.

[0097] The rendering processor 16 generates a plurality of
temporal-order probe image groups, based on the temporal-
order three-dimensional position information and the time
information. Specifically, the rendering processor 16 gener-
ates a plurality of temporal-order probe image groups based
on the three-dimensional position information and time infor-
mation at which each of the temporal-order ultrasound
images is captured. For example, the rendering processor 16
generates a “probe image group (t1)” for displaying “3DP
(t1)” that is a stereoscopic image of the ultrasound probe 1
(hereinafter, mentioned as a 3D probe image) at time “t1”
based on three-dimensional position information acquired at
the time “t1”. For example, the rendering processor 16 gen-
erates a “probe image group (t2)” for displaying “3DP(12)”
that is a 3D probe image at time “t2” based on the three-
dimensional position information acquired at the time “t2”.
[0098] The controller 18 controls to display each of a plu-
rality of temporal-order probe image groups and each of a
plurality of temporal-order ultrasound images being charac-
terizing images onto the monitor 2.

[0099] For example, under the control of the controller 18,
the image generator 15 generates a “synthesized image group
(t1)” in which the “probe image group (t1)”, the B-mode
image “F1(t1)”, and the rendering image “F2” of the mam-
mary gland tissues are synthesized in a positional relationship
based on the three-dimensional position information
acquired at time “t1”. The image generator 15 also generates
a “synthesized image group (t2)” in which the “probe image
group (t2)”, the B-mode image “F1(12)”, and the rendering
image “F2” of the mammary gland tissues are synthesized in
apositional relationship based on the three-dimensional posi-
tion information acquired at time *“t2.

[0100] The controller 18 displays the synthesized image
groups generated by the image generator 15 onto the monitor
2. In this manner, as illustrated in FIG. 10, the monitor 2
displays the “3D probe image 3DP(t1)” and the B-mode
image “F1(t1)” on the rendering image “F2” of the mammary
gland tissues, and displays the “3D probe image 3DP(t2)” and
the B-mode image “F1(t2)” on the rendering image “F2” of
the mammary gland tissues. In the example of displaying
images illustrated in FIG. 10, the 3D probe image and the
B-mode image captured at each time is displayed in a manner
superimposed over one another. However, the embodiment is
also applicable to an example in which the stereoscopic image
of the ultrasound probe 1 and the B-mode image captured at
each time are displayed as a movie, or displayed in parallel.
[0101] Alternatively, a following process may be per-
formed to generate the temporal-order probe image groups.
Using the function of drawing two-dimensional images, the
rendering processor 16 generates a plurality of body surface
images that are a plurality of temporal-order abutting surface
images, by changing the form of the body surface image that
is the abutting surface image over time based on the three-
dimensional position information and the time information.
Specifically, using the function of drawing two-dimensional
images, the rendering processor 16 generate the temporal-
order body surface images by changing the form of the body
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surface image over time based on the three-dimensional posi-
tion information and the time information at which each of the
temporal-order ultrasound images is captured. The controller
18 controls to display each one of the temporal-order probe
image groups and each one of the temporal-order body sur-
face images being characterizing images onto the monitor 2.
[0102] Forexample, the rendering processor 16 generates a
body mark representing how the body surface of the subject P
is pressed over time, based on the three-dimensional position
information acquired when elastography is conducted. The
image generator 15 then generates a plurality of temporal-
order synthesized image groups under the control of the con-
troller 18; in each of the temporal-order synthesized image
groups, each of the temporal-order probe image groups and
each of a plurality of temporal-order body marks are synthe-
sized in a positional relationship based on the three-dimen-
sional position information acquired corresponding time.
[0103] The controller 18 displays the synthesized image
groups generated by the image generator 15 onto the monitor
2. In this manner, the monitor 2 displays an stereoscopic
image depicting how the body surface is pressed by an opera-
tion of the ultrasound probe 1, as illustrated in FIG. 11.
Although notillustrated in FIG. 11, the controller 18 may also
display an elastography generated by the image generator 15,
along with the probe image group and the body marks.
[0104] A process performed by the ultrasonic diagnostic
apparatus according to the first embodiment will now be
explained with reference to FIG. 12. FIG. 12 is a flowchart for
explaining the process performed by the ultrasonic diagnostic
apparatus according to the first embodiment. Explained
below is a process performed after an ultrasound image is
started being captured, holding the ultrasound probe 1 against
the subject P.

[0105] As illustrated in FIG. 12, the controller 18 in the
ultrasonic diagnostic apparatus according to the first embodi-
ment determines if three-dimensional position information is
acquired by the acquiring device 4 (Step S101). If three-
dimensional position information has not been acquired (No
at Step S101), the controller 18 waits until three-dimensional
position information is acquired.

[0106] By contrast, if three-dimensional position informa-
tionis acquired (Yes at Step S101), the rendering processor 16
generates a probe image group under the control of the con-
troller 18 (Step S102). The image generator 15 also generates
an ultrasound image in parallel with the probe image group.
[0107] The image generator 15 then generates a synthe-
sized image group of the probe image group and the charac-
terizing image under the control of the controller 18 (Step
S103). The monitor 2 then displays the synthesized image
group under the control of the controller 18 (Step S104).
[0108] The controller 18 then stores the synthesized image
group in the image memory 17 (Step S105), and ends the
process. When a plurality of synthesized image groups are
generated in a temporal order, the controller 18 continues to
perform the determining process at Step S101. When a
deformed body mark being a characterizing image is to be
displayed, the deformed body mark is generated by the ren-
dering processor 16 at Step S102, along with the probe image
group.

[0109] As described above, in the first embodiment, for
example, by looking at the stereoscopic image illustrated in
FIG. 8, an observer of the monitor 2 can recognize three-
dimensionally what kind of operation conditions the ultra-
sound probe 1 was in when the B-mode image “F1” was
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captured. Furthermore, in the first embodiment, for example,
by looking at the stereoscopic image illustrated in FIG. 9, an
observer of the monitor 2 can recognize three-dimensionally
in which direction and at what angle the ultrasound probe 1
was held against the body surface of the subject P when the
B-mode image “F1” was captured. Furthermore, by request-
ing a synthesized image group stored in the image memory 17
and the like to be displayed, an observer of the monitor 2 can
check a three-dimensional operation condition of the ultra-
sound probe 1 at the time the B-mode image “F1” was cap-
tured.

[0110] Furthermore, by looking at the stereoscopic image
illustrated in FIG. 10, an observer of the monitor 2 can undet-
stand temporally how an operator operated the ultrasound
probe 1 three-dimensionally while holding the ultrasound
probe 1 against the body surface of the subject P, when the
ultrasound images for image diagnosis were captured. Fur-
thermore, by looking at the stereoscopic image illustrated in
FIG. 11, an observer of the monitor 2 can understand how far
the body surface of the subject P was pressed using the ultra-
sound probe 1 when the elastography generated by the image
generator 15 was captured. Furthermore, by requesting a
plurality of temporal-order synthesized image groups stored
in the image memory 17 and the like to be displayed, an
observer of the monitor 2 can check how the ultrasound probe
1 was operated three-dimensionally at the time such images
were captured.

[0111] Therefore, according to the first embodiment, three-
dimensional information related to an operation of the ultra-
sound probe 1 can be presented. Furthermore, use of the
ultrasonic diagnostic apparatus according to the first embodi-
ment can contribute to improvement in quality of information
provided to radiologist reading an ultrasound image,
improvement in reproducibility in re-examinations, and
improvement in quality of diagnosis by reducing a variation
caused by different examination skills of operators.

[0112] Explained above is an example in which the three-
dimensional position information is acquired using magnetic
sensors; however, means for acquiring the three-dimensional
position information is not limited thereto. FIG. 13 is a sche-
matic for explaining a variation of how the three-dimensional
position information is acquired. For example, in this varia-
tion, a marker is attached on the surface of the ultrasound
probe 1, as illustrated in FIG. 13. In such a configuration, a
distance between the marker and the surface on which the
transducer elements are arranged, a distance between the
marker and an end of the ultrasound probe 1, and the like
illustrated in FIG. 13 are stored in the internal storage 19 as
offset information.

[0113] Whileimages are being captured, a plurality of cam-
eras are used to shoot the marker from a plurality of direc-
tions. The controller 18 then acquires the three-dimensional
position information by analyzing a plurality of images thus
shot using offset information, for example. Alternatively, the
three-dimensional position information may also be acquired
by an acceleration sensor.

[0114] Explained in a second embodiment is an example in
which a probe image group is generated for an ultrasound
image captured in the past.

[0115] For example, in the second embodiment, the con-
troller 18 acquires the three-dimensional position informa-
tion via the input device 3, instead of the acquiring device 4.
In other words, the controller 18 acquires the three-dimen-
sional position information of when an ultrasound image was
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captured based on input information input via the input device
3 by an observer who is looking at an ultrasound image
generated by the image generator 15 in the past.

[0116] FIG. 14 is a schematic for explaining the second
embodiment. To explain using an example, under the control
of the controller 18, the monitor 2 displays a past ultrasound
image (past image) designated by an observer, and a render-
ing image depicting a region captured in the past image des-
ignated by the observer, as illustrated in FIG. 14. The observer
inputs a direction and an angle of the ultrasound probe 1 used
when the operator himself/herself captured the ultrasound
image in the past, by making operations on a haptic device 3a
having an acceleration sensor or a joystick 35 provided to the
input device 3, for example, while looking at the monitor 2.
Using such input information, the controller 18 acquires the
three-dimensional position information of when the past
image was captured, and the rendering processor 16 generates
a probe image group using the three-dimensional position
information, which is based on input information.

[0117] In the manner described above, the controller 18
displays a stereoscopic image such as one illustrated in FIG.
9 onto the monitor 2. The controller 18 also stores a synthe-
sized image group used in displaying the stereoscopic image
such as one illustrated in FIG. 9 in the image memory 17, for
example.

[0118] The input information related to the three-dimen-
sional position information may be input using a mouse or a
keyboard provided to the input device 3. Alternatively, the
input information related to the three-dimensional position
information may be acquired by the acquiring device 4 using
the ultrasound probe 1 explained in the first embodiment on
which the sensor group 41 is mounted as an input device.
[0119] A process performed by the ultrasonic diagnostic
apparatus according to the second embodiment will now be
explained with reference to FIG. 15. FIG. 15 is a flowchart for
explaining the process performed by the ultrasonic diagnostic
apparatus according to the second embodiment. Explained
below is a process performed after a past ultrasound image is
displayed onto the monitor 2.

[0120] As illustrated in FIG. 15, the controller 18 in the
ultrasonic diagnostic apparatus according to the second
embodiment determines if input information related to the
three-dimensional position information is entered by an
observer of the monitor 2 via the input device 3 (Step S201).
If input information related to the three-dimensional position
information has not been entered (No at Step S201), the
controller 18 waits until the information is entered.

[0121] By contrast, if input information related to the three-
dimensional position information is entered (Yes at Step
S201), the rendering processor 16 generates a probe image
group under the control of the controller 18 (Step S202).
[0122] The image generator 15 then generates a synthe-
sized image group including the probe image group and the
characterizing image, under the control of the controller 18
(Step S203). The monitor 2 then displays the synthesized
image group under the control of the controller 18 (Step
S204).

[0123] The controller 18 then stores the synthesized image
group in the image memory 17 (Step S205), and ends the
process.

[0124] As described above, in the second embodiment, a
probe image group can be synthesized and displayed based on
input information received from an observer who is looking at
an ultrasound image captured in the past. Therefore, in the

Feb. 27,2014

second embodiment, three-dimensional information related
to an operation of the ultrasound probe 1 can be presented for
an ultrasound image captured in the past. The second embodi-
ment is also applicable for allowing a plurality of temporal-
order probe image groups to be generated, by looking at a
plurality of temporal-order ultrasound images captured in the
past.

[0125] Explained in a third embodiment with reference to
FIGS. 16A, 16B, 17, and the like is an example in which the
synthesized image group explained in the first embodiment is
used to capture an image of the same region as that captured
in an ultrasound image of the past. FIGS. 16A, 16B, and 17
are schematics for explaining the third embodiment.

[0126] Thecontroller 18 according to the third embodiment
displays a past ultrasound image of the subject P and a probe
image group acquired from the image memory 17 in a first
section of a display area of the monitor 2. Specifically, when
an operator designates a past examination ID of the subject P,
the controller 18 acquires a synthesized image group having
the examination ID thus designed from the image memory 17.
Hereinafter, a past synthesized image group having a desig-
nated examination ID is referred to as a past image group.
[0127] For example, the past image group acquired by the
controller 18 is “a plurality of temporal-order past image
groups” including past B-mode images in the temporal order,
a rendering image of a captured region, and probe image
groups of the ultrasound probe 1 of when these past images
were captured, such as the example illustrated in FIG. 10. In
such a condition, the operator designates a past image group
in which a past tumor region “T” that is a characterizing
region requiring a follow-up observation is most clearly rep-
resented, while looking at a movie of the temporal-order past
image groups. The monitor 2 then displays the past image
group in which the past tumor region “T” is represented, in the
first section illustrated in FIG. 16A.

[0128] Thecontroller 18 according to the third embodiment
then displays the ultrasound image of the subject P being
currently captured in a second section of the display area of
the monitor 2. Through such a display control, the operator of
the ultrasound probe 1 being an observer of the monitor 2
displays a B-mode image including a current tumor region
“T™ corresponding to the past tumor region “I” in the second
section, by operating the ultrasound probe 1 on which the
sensor group 41 are mounted (see FIG. 16A).

[0129] Thecontroller 18 according to the third embodiment
then controls to display the past ultrasound image and the
probe image group matching the three-dimensional position
information of the ultrasound probe 1 of when the current
ultrasound image is captured, acquired by the acquiring
device 4, in the first section. In other words, the acquiring
device 4 acquires the three-dimensional position information
of the ultrasound probe 1 of when the current ultrasound
image (hereinafter, a current image) is captured, as illustrated
in FIG. 16B. The controller 18 then selects a past image group
in which a probe image group matching such three-dimen-
sional position information is synthesized, among the “tem-
poral-order past image groups”, and displays the past image
group in the first section. In other words, the controller 18
displays a past image group matching the three-dimensional
position information, as illustrated in FIG. 16B.

[0130] By looking at the images in the first section and the
second section displayed under the display control described
above, the operator of the ultrasound probe 1 keeps operating
the ultrasound probe 1 until a current image in which a current
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tumor region “T"” is represented at approximately the same
position as the position where the past tumor region “I” is
displayed.

[0131] In this manner, the monitor 2 displays the current
image in which the current tumor region “T" is represented at
the same position as the past tumor region “T” in the second
section, as illustrated in FIG. 17. The current image displayed
in the second section is caused to be stored in the image
memory 17 by the controller 18, when the operator makes an
OK input by pressing an OK button on the input device 3, for
example.

[0132] Depending on an operation condition of the current
ultrasound probe 1, a past image group that is synthesized
with a probe image group matching the three-dimensional
position information might not be selectable from the “tem-
poral-order past image groups”. In such a case, the rendering
processor 16 newly generates a probe image group matching
the three-dimensional position information. The rendering
processor 16 also generates an ultrasound image matching the
three-dimensional position information by an interpolation.
[0133] Forexample, the controller 18 selects two pastultra-
sound images generated when past three-dimensional posi-
tion information having coordinates closer to those of the
current three-dimensional position information is acquired.
The rendering processor 16 then newly generates an ultra-
sound image matching the current three-dimensional position
information by an interpolation using the depth information
of each of these two ultrasound images selected by the con-
troller 18. In this manner, the image generator 15 newly
generates a synthesized image group matching the current
three-dimensional position information as a past image
group.

[0134] A process performed by the ultrasonic diagnostic
apparatus according to the third embodiment will now be
explained with reference to FIG. 18. FIG. 18 is a flowchart for
explaining the process performed by the ultrasonic diagnostic
apparatus according to the third embodiment. Explained
below is a process performed after a plurality of temporal-
order past image groups are displayed as a movie in the first
section of the monitor 2.

[0135] As illustrated in FIG. 18, the controller 18 in the
ultrasonic diagnostic apparatus according to the third
embodiment determines if a past image group in which a
characterizing region is most clearly represented is desig-
nated (Step S301). If a past image group has not been desig-
nated (No at Step S301), the controller 18 waits until a past
image group is designated.

[0136] By contrast, if a past image group is designated (Yes
at Step S301), the monitor 2 displays the past image group
thus designated and a current image in parallel, under the
control of the controller 18 (Step S302).

[0137] The controller 18 then determines if the acquiring
device 4 has acquired the current three-dimensional position
information (Step S303). If current three-dimensional posi-
tion information has not been acquired (No at Step S303), the
controller 18 waits until the current three-dimensional posi-
tion information is acquired. By contrast, if the current three-
dimensional position information is acquired (Yes at Step
S303), the controller 18 determines if a past image group
matching the current three-dimensional position information
is present (Step S304).

[0138] If a past image group matching the current three-
dimensional position information is present (Yes at Step
S304), the controller 18 selects the matching past image
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group, and displays the past image group thus selected and the
current image in parallel (Step S305).

[0139] By contrast, if no past image group matches the
current three-dimensional position information (No at Step
S304), the rendering processor 16 and the image generator 15
cooperate with each other to newly generate a past image
group matching the current three-dimensional position infor-
mation by an interpolation, under the control of the controller
18 (Step S306). The controller 18 then displays the newly
generated past image group and the current image in parallel
(Step S307).

[0140] Subsequent to Step S305 or Step S307, the control-
ler 18 determines if an OK input is received from the operator
(Step S308). If no OK input is received (No at Step S308), the
controller 18 goes back to Step S303, and determines if the
current three-dimensional position information is acquired.
[0141] By contrast, if an OK input is received (Yes at Step
S308), the controller 18 stores the ultrasound image (current
image) at the time such an OK input is made (Step S309), and
ends the process.

[0142] As described above, in the third embodiment, when
a follow-up observation is to be performed to a characterizing
region in an ultrasound image captured in a past examination,
the observer of the monitor 2 can observe an ultrasound image
being currently captured while looking at a stereoscopic
image of the ultrasound probe 1 matching the current three-
dimensional position information and a past ultrasound
image captured at the current three-dimensional position
information. In other words, the observer of the monitor 2 can
make a follow-up observation on the current characterizing
region by operating the ultrasound probe 1 with an under-
standing of how the ultrasound probe 1 was three-dimension-
ally operated in the past. Therefore, in the third embodiment,
the quality of reproducibility in re-examinations can be fur-
ther improved.

[0143] Explained in the first to the third embodiments was
an example in which the monitor 2 is a nine-parallax monitor.
However, the first to the third embodiments are also applied in
an example in which the monitor 2 is a two-parallax monitor.
[0144] Furthermore, explained in the first to the third
embodiments is an example in which the ultrasound image
synthesized to the probe image group is a B-mode image.
However, the first to the third embodiments may represent an
example in which the ultrasound image synthesized to the
probe image group is a color Doppler image. Furthermore,
the first to the third embodiments may also represent an
example in which the ultrasound image synthesized to the
probe image group is a parallax image group that is generated
from three-dimensional ultrasound image data.

[0145] A variation of an ultrasound image synthesized to a
probe image group will now be explained with reference to
FIGS. 19 and 20. FIGS. 19 and 20 are schematics for explain-
ing a variation of the first to the third embodiments.

[0146] Recently, a virtual endoscopic (VE) image that
allows inside of a lumen to be observed is generated and
displayed from a volume data including a lumen. As a pos-
sible way to display a VE image, a flythrough view, in which
VE images are displayed as a movie by moving the viewpoint
position along the centerline of the lumen, is known. When a
flythrough view of a mammary gland is to be produced using
an ultrasonic diagnostic apparatus, for example, an operator
collects “volume data including the mammary gland” by
holding an ultrasound probe 1 capable of three-dimensional
scanning (e.g., a mechanical scanning probe) against the
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breast of the subject P. The rendering processor 16 illustrated
in FIG. 1 extracts an area corresponding to the lumen from
volume data by extracting pixels (voxels) with luminance
corresponding to the luminance of the lumen, for example.
The rendering processor 16 then applies a thinning process to
the lumen area thus extracted, to extract the centerline of the
lumen, for example. The rendering processor 16 generates a
VE image from the viewpoint position along the centerline by
perspective projection, for example. The rendering processor
16 generates a plurality of VE images for a flythrough view,
by moving the viewpoint position along the centerline of the
lumen.

[0147] When a flythrough view is to be provided, the
acquiring device 4 acquires the three-dimensional position
information of the ultrasound probe 1 of when volume data
used in generating the VE images was collected. The control-
ler 18 then causes the monitor 2 to display a synthesized
image group including the characterizing image and each of
the probe images included in the probe image group by per-
forming the controlling process explained above in the first
embodiment, and stores the synthesized image group in the
image memory 17. FIG. 19 is an example of an image dis-
played on the monitor 2 when a flythrough view is provided
under the control of the controller 18. An image 100 illus-
trated in FIG. 19 is a 3D probe image that an observer can
observe the ultrasound probe 1 stereoscopically, being a
result of displaying the probe image group generated by the
rendering processor 16 based on the three-dimensional posi-
tion information onto the monitor 2.

[0148] Animage 101 illustratedin FIG. 19 is abody surface
image as an abutting surface image, and is a 3D body mark
that is a stereoscopic representation of the breast that is a
captured region, for example. An image 102 illustrated in
FIG. 19 is an image of an area including the lumen area used
in providing a flythrough view, in the volume data. For
example, the image 102 illustrated in FIG. 19 is a lumen
image generated by the rendering processor 16 in a cavity
mode, in which lower luminance values are reversed with
higher luminance values. By reversing luminance values, the
visibility of the lumen can be improved. Animage 103 drawn
in the dotted line in FIG. 19 is a schematic representation of a
range of the three-dimensional ultrasound scan, generated by
the rendering processor 16 based on the three-dimensional
position information and conditions of the ultrasound scan.
An image 104 illustrated in FIG. 19 is a VE image displayed
in a flythrough view. The images 101 to 104 are characteriz-
ing images. In the example illustrated in FIG. 19, the images
100 to 103 are displayed onto the monitor 2 in a positional
relationship based on the three-dimensional position infor-
mation, under the control of the controller 18. In the example
illustrated in FIG. 19, the image 104 is arranged below the
images 100 to 103, under the control of the controller 18.
[0149] The controller 18 may arrange the image 103
instead of the image 102. Furthermore, the image 102 may be
avolume rendering image generated by the rendering proces-
sor 16 using a single viewpoint position from the volume data.
Furthermore, the image 102 may be a stereoscopic image that
is nine-parallax images generated and displayed by the ren-
dering processor 16 from the volume data using nine view-
point positions. The image 100 may also be generated using
information input by an observer, as explained in the second
embodiment.

[0150] By looking at the stereoscopic image whose
example is illustrated in FIG. 19, an observer can understand
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how the ultrasound probe 1 is three-dimensionally operated in
order to produce a flythrough view of the image 104. Further-
more, by storing a synthesized image group generated for
displaying a stereoscopic image illustrated in FIG. 19 and
performing the process explained in the third embodiment,
for example, a flythrough view can be performed using a VE
image group at an approximately the same position as that in
the image 104 provided with a flythrough view in the past
examination.

[0151] The controlling process explained in the first to the
third embodiments may also be applied to an example in
which a luminal probe is used. The upper left diagram in FIG.
20 illustrates an example of a TEE probe. Magnetic sensors
50a, 505, and 50¢ are mounted on the tip of the TEE probe, as
illustrated in the lower left diagram in FIG. 20. The arrange-
ment of the magnetic sensors 50a, 505, and 50c illustrated in
the lower left diagram in FIG. 20 is just an example. As long
as three-dimensional position information of the TEE probe
as the ultrasound probe 1 can be acquired, the magnetic
sensors 50a, 505, and 50¢ may be arranged in any positions.

[0152] An operator inserts the TEE probe into the esopha-
gus of the subject P, as illustrated in the upper right diagram in
FIG. 20, and performs two-dimensional scanning or three-
dimensional scanning of a heart while holding the tip of the
TEE probe against the inner wall of the esophagus. In such a
condition, the acquiring device 4 acquires the three-dimen-
sional position information ofthe TEE probe of when the data
of an area including the heart is collected. The controller 18
then displays the synthesized image group including the char-
acterizing image and each probe image in the probe image
group onto the monitor 2 and stores the synthesized image
group in the image memory 17 by performing the controlling
process explained in the first embodiment. The lower right
diagram in FIG. 20 illustrates an example of images displayed
onto the monitor 2 under the control of the controller 18 while
a transesophageal echocardiographic examination is con-
ducted. An image 2000 illustrated in the lower right diagram
in FIG. 20 is a 3D probe image that is achieved as a result of
displaying a probe image group generated by the rendering
processor 16 based on the three-dimensional position infor-
mation onto the monitor 2, and that allows an observer to
observe the TEE probe stereoscopically. An image 2001 illus-
trated in the lower right diagram in FIG. 20 is an abutting
surface image, and is a body mark indicating the inner wall of
the esophagus. As an abutting surface image, a 3D body mark
being a stereoscopic representation of the heart, which is a
captured region, or a surface rendering image of the heart may
be used in addition to the image 2001. As an abutting surface
image, for example, a human body model may also be used,
as illustrated in the upper right diagram in FI1G. 20. An image
2002 illustrated in the lower right diagram in FIG. 20 is an
MPR image generated by the rendering processor 16 from the
volume data including the heart. The image 2001 and the
image 2002 are the characterizing images. In the example
illustrated in the lower right diagram in FIG. 20, the images
2000 to 2002 are displayed onto the monitor 2 in a positional
relationship based on the three-dimensional position infor-
mation, under the control of the controller 18.

[0153] The image 2002 may also be a volume rendering
image generated by the rendering processor 16 from volume
data using a single viewpoint position. The image 2002 may
also be a stereoscopic image achieved by displaying nine-
parallax images generated by the rendering processor 16 from
the volume data using nine viewpoint positions. The image
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2000 may be generated from information input by an
observet, as explained in the second embodiment.

[0154] By looking at images whose example is illustrated
in the lower right diagram in F1G. 20, the observer can undet-
stand how the TEE probe was operated three-dimensionally
in order to display the image 2002. Furthermore, by storing a
synthesized image group generated for displaying a stereo-
scopic image illustrated in the lower right diagram in FIG. 20
and performing the process explained in the third embodi-
ment, for example, it is possible to display an ultrasound
image at approximately the same position as that in the image
2002 displayed in the past examination. The acquiring device
4 may also acquire information such as the length and the
depth into which the TEE probe is inserted, using the posi-
tional relationship between the transmitter 42 and the subject
P, for example. The controller 18 may add such information to
the information of the synthesized image group. In this man-
ner, an operation of the TEE probe required to collect the
image 2002 can be presented more precisely.

[0155] Asexplained above, according to the first to the third
embodiments and the variation thereof, three-dimensional
information related to an operation of an ultrasound probe can
be presented.

[0156] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a display unit configured to display a stereoscopic image
that is stereoscopically perceived by an observer, by
displaying a parallax image group that is parallax
images having a given parallax number;

an image generator configured to generate an ultrasound
image based on reflection waves received by an ultra-
sound probe held against a subject;

an acquiring unit configured to acquire three-dimensional
position information of the ultrasound probe of when an
ultrasound image is captured,

arendering processor configured to generate a probe image
group that is a parallax image group for allowing the
ultrasound probe to be virtually perceived as a stereo-
scopic image through a volume rendering process based
on the three-dimensional position information acquired
by the acquiring unit; and

a controller configured to control to display at least one of
the ultrasound image and an abutting surface image
depicting an abutting surface of the subject against
which the ultrasound probe is held, as a characterizing
image depicting a characteristic of a condition under
which the ultrasound image is captured, and the probe
image group onto the display unit in a positional rela-
tionship based on the three-dimensional position infor-
mation.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein
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the image generator is configured to generate a plurality of
ultrasound images in a temporal order based on reflec-
tion waves received by the ultrasound probe in a tempo-
ral order,

the acquiring unit is configured to acquire three-dimen-

sional position information in the temporal order in
association with time information at which the ultra-
sound images are captured,

the rendering processor is configured to generate a plural-

ity of temporal-order probe image groups based on the
three-dimensional position information and the time
information, and

the controlleris configured to control to display each one of

the temporal-order probe image groups and each one of
the temporal-order ultrasound images as the character-
izing image onto the display unit.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein

the rendering processor is configured to generate a plural-

ity of temporal-order abutting surface images by chang-
ing a form of the abutting surface image in the temporal
order based on the three-dimensional position informa-
tion and the time information, and

the controlleris configured to control to display each one of

the temporal-order probe image groups and each one of
the temporal-order abutting surface images as the char-
acterizing image onto the display unit.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein the acquiring unit is configured to acquire the
three-dimensional position information using a position sen-
sor mounted on the ultrasound probe.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein

the acquiring unit is configured to acquire, based on input

information input via a given input unit by an observer
who is looking at an ultrasound image generated by the
image generator in past, three-dimensional position
information of when the ultrasound image is captured,
and

the rendering processor is configured to generate the probe

image group using three-dimensional position informa-
tion based on the input information.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to store the probe
image group and the characterizing image displayed onto the
display unit in a given storage unit.

7. The ultrasonic diagnostic apparatus according to claim
6, wherein

the controller is configured to display a past ultrasound

image of a subject and a probe image group acquired
from the given storage unit in a first display area of the
display unit, and to display an ultrasound image of the
subject being currently captured in a second display area
of the display unit, and

the controller is further configured to control to display a

past ultrasound image and a probe image group match-
ing three-dimensional position information, acquired by
the acquiring unit, of the ultrasound probe of when a
current ultrasound image is captured in the first display
area.
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