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An ultrasound image generation apparatus includes: a first
motion estimation unit which estimates, as a first motion
vector, a motion vector of the ultrasound probe using a first
estimation method, the motion vector indicating the move-
ment between images of the respective ultrasound signals; a
second motion estimation unit which estimates, as a second
motion vector, a motion vector of the ultrasound probe using
a second estimation method different from the first estimation
method in direction dependency of estimation accuracy; and
a position reconstruction unit which (i) assigns, based on a
direction of the first motion vector or a direction of the second
motion vector, weights to the first and the second motion
vectors, (ii) combines the weighted first and second motion
vectors into a combined motion vector, and (iii) constructs an

A6IB 8/13 (2006.01) ultrasound diagnostic image of a subject using the combined
A61B 8/00 (2006.01) motion vector and the images.
112
.1 Image position
astimation unit
,,,,,,, ~MEInT 113
Pasition reconstruction
513t
115 v .~1132 1133 114
‘ Weight t - siona )
image - g s fﬁz:za& d:mgﬁ@wai 1 Display
e # determinationp»image construction ; .
memaory i : . 4 unit
; Linit Y dunit N
3 ! "
U ocinf2 L
DHEf - Loclnf Procimgl
DHrection
difference
obtainment
unit
Mo 113
Locinfl

Position
obtainment
it

111



Patent Application Publication = May 23, 2013 Sheet 1 of 20 US 2013/0131510 A1

FIG. 1A

~ 10
Ultrasound image

1DA generation apparatus
First motion
smeren ot v -10C

Position

_-~10B recmsm:af;gm unit

Second motion )

estimation unit




US 2013/0131510 A1

May 23, 2013 Sheet 2 of 20

Patent Application Publication

JiUng
{ ? mcwﬁéma@w%
JUT JOUO3| | b
Buiaiaoes pue| 017 - eqoud
1 MM, Bunpisue g punosein
Hun pOT | _ un
JuBuRIeIqo T Busaiensy |l
UonISog Mg
£01T7 ot
TBW204d e T4UE20T
¥ T T
yun | o4 Adowawt | juoieisuab
’ BUOIIMLASUOD0 b s : >
Ardsigy abewy afeu
HORISOd DUNGSEIN
i1 c11o7 A ST1 b
5017
E e |
PUTT BOIBUNISS ]
uoisod afewr]
It
sniededde uoneiousth abelll pBUNOSRALN
1177
a1 '9id




Patent Application Publication = May 23, 2013 Sheet 3 of 20 US 2013/0131510 A1

FIG, 2
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FIG. 3
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FIG. 5
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FIG. 6
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FIG. 14A
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FIG. 16
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ULTRASOUND IMAGE GENERATION
APPARATUS AND ULTRASOUND IMAGE
GENERATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to ultrasound image
generation apparatuses and ultrasound image generation
methods. The present invention particularly relates to an
ultrasound image generation apparatus and an ultrasound
image generation method by which an ultrasound diagnostic
image is generated from a plurality of ultrasound signals
received from a subject while an ultrasound probe is being
moved.

BACKGROUND ART

[0002] An x-ray diagnostic apparatus, a magnetic reso-
nance (MR) diagnostic apparatus, or an ultrasonic diagnostic
apparatus is widely used as an image diagnostic apparatus for
aliving body. The ultrasonic diagnostic apparatus is useful for
its noninvasive and real-time nature, and is used to make a
medical examination and other various diagnoses. Various
sites are diagnosed using the ultrasonic diagnostic apparatus,
such as the heart, a blood vessel such as a carotid artery, the
liver, or a breast. Among these, the carotid artery is one of the
crucial sites of diagnosis because recent years have seen an
increase in the number of individual affected by arterioscle-
rosis.

[0003] The following describes the carotid artery as an
example. In the diagnosis of the carotid artery using the
ultrasound, observation is made along the common carotid
artery to the internal carotid artery or to the external carotid
artery to examine, for example, the intima-media thickness
(IMT) or whether or not plaque is present. At this time, it is
necessary to scan the ultrasound probe in more than one
direction to fully observe the interior of a blood vessel. How-
ever, the above-described method has problems. For example,
the inspection is time-consuming because the blood vessel
configuration is hard to find, or it is difficult to ensure repro-
ducibility because the result of observation depends on the
skill of the examiner. The need for a diagnosis based on a
three-dimensional image of a blood vessel constructed from
the scanned image has been growing to solve the above
described problem.

[0004] When constructing a three-dimensional image from
the ultrasound images obtained by the scanning, position
information (position and orientation) of the ultrasound probe
at the time of obtainment of the ultrasound images is
obtained, and each of the ultrasound images are mapped to a
three-dimensional space based on the position information.
For example, the position information is estimated by captur-
ing, with a camera, an image of a marker attached to the
ultrasound probe. The position of the ultrasound probe is
estimated based on the change in the position and shape of the
marker in the captured image (e.g., patent literature (PTL)

CITATION LIST
Patent Literature

PIL 1

[0005] Japanese Unexamined Patent Application Publica-
tion No. 2010-75503
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SUMMARY OF INVENTION

Technical Problem

[0006] However, there is a problem that the position obtain-
ment accuracy of the ultrasound probe is directionally depen-
dent.

[0007] The present invention has been conceived in view of
the above problem, and has an object to provide an ultrasound
image generation apparatus which reduces direction depen-
dency of accuracy in obtaining the position of the ultrasound
probe.

Solution To Problem

[0008] In order to achieve the aforementioned object, an
ultrasound image generation apparatus according to an aspect
of the present invention is an ultrasound image generation
apparatus which generates an ultrasound diagnostic image
from a plurality of ultrasound signals received from a subject
while an ultrasound probe is being moved, the ultrasound
image generation apparatus includes: a first motion estima-
tion unit configured to estimate, as a first motion vector, a
motion vector indicating a movement of the ultrasound probe
using a first estimation method, the motion vector indicating
the movement between a plurality of images of the respective
ultrasound signals; a second motion estimation unit config-
ured to estimate, as a second motion vector, a motion vector
indicating a movement of the ultrasound probe using a second
estimation method which is different from the first estimation
method in direction dependency of estimation accuracy, the
motion vector indicating the movement between the images
of the respective ultrasound signals; and a position recon-
struction unit configured to (i) assign, based on a direction of
the first motion vector or a direction of the second motion
vector, weights to the first motion vector estimated by the first
motion estimation unit and the second motion vector esti-
mated by the second motion estimation unit, (ii) combine the
weighted first and second motion vectors into a combined
motion vector, and (iii) construct the ultrasound diagnostic
image of the subject using the combined motion vector and
the images.

[0009] Tt should be noted that these general and specific
aspects may be implemented using a system, a method, an
integrated circuit, a computer program, or a computer-read-
able recording medium such as a CD-ROM, or any combina-
tion of systems, methods, integrated circuits, computer pro-
grams, or computer-readable recording media.

Advantageous Effects of Invention

[0010] The ultrasound image generation apparatus accord-
ing to an aspect of the present invention makes it possible to
obtain position information with high accuracy in regard to
movement of the ultrasound probe in any direction, and con-
struct a three-dimensional image more accurately than a
three-dimensional image constructed by a conventional ultra-
sound image generation apparatus.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG.1A s aconfiguration diagram of an example of
an ultrasound image generation apparatus according to
Embodiment 1.

[0012] FIG. 16 is a configuration diagram of another
example of the ultrasound image generation apparatus
according to Embodiment 1.
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[0013] FIG. 2 is a descriptive diagram of a method for
obtaining a motion vector by image processing.

[0014] FIG. 3 is a flowchart of operations performed by the
ultrasound image generation apparatus according to Embodi-
ment 1.

[0015] FIG. 4 is a diagram showing a configuration of a
position reconstruction unit.

[0016] FIG. 5 is a descriptive diagram of an angle formed
by a reference direction and a motion vector.

[0017] FIG. 6 is a flowchart of operations performed by the
position reconstruction unit.

[0018] FIG. 7 is a diagram showing a method for resolving
the motion vector into a reference direction component and an
orthogonal component.

[0019] FIG. 8is a diagram showing a method for resolving
the motion vector into components of an absolute coordinate
space.

[0020] FIG. 9 is a descriptive diagram of a method for
obtaining position information by a plurality of cameras.
[0021] FIG. 10 is a diagram showing advantageous effects
of the ultrasound image generation apparatus according to
Embodiment 1.

[0022] FIG. 11 is a diagram showing advantageous effects
of an ultrasound image generation apparatus according to
Embodiment 2.

[0023] FIG. 12 is a flowchart of operations performed by
the ultrasound image generation apparatus according to
Embodiment 2.

[0024] FIG. 13 is a descriptive diagram on arrangement of
cameras, and assist information for arranging cameras.
[0025] FIG. 14A is a flowchart of operations performed by
a variation of the ultrasound image generation apparatus
according to Embodiment 2.

[0026] FIG. 14B is a configuration diagram of an example
of the ultrasound image generation apparatus including a
feedback unit.

[0027] FIG. 15 is a configuration diagram of an example of
a conventional ultrasound image generation apparatus.
[0028] FIG. 16 is a flowchart of operations performed by
the conventional ultrasound image generation apparatus.
[0029] FIG. 17 is a descriptive diagram of a method for
obtaining a position performed by the conventional ultra-
sound image generation apparatus.

[0030] FIG. 18 is a descriptive diagram which describes a
case in which the ultrasound image generation method is
implemented by a computer system with a program recorded
on a recoding medium such as a flexible disk.

DESCRIPTION OF EMBODIMENTS

Underlying Knowledge Forming Basis of the Present
Invention The inventors found that the ultrasonic
diagnostic apparatus described in the section of
“Background Art” causes the following problems.

[0031] A conventional ultrasonic diagnostic apparatus is
described with reference to FIG. 15 and FIG. 16, which
constructs a three-dimensional image based on position infor-
mation of an ultrasound probe obtained at the time of the scan.
[0032] FIG. 15 is a configuration diagram of an example of
a conventional ultrasound image generation apparatus 1501.
As shown in FIG. 15, the ultrasonic diagnostic apparatus
1501 includes; an ultrasound probe 101, a transmitting unit
102, areceiving unit 103, a transmitting and receiving control
unit 104, an ultrasound image generation unit 105, an image
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memory 1506, a position obtainment unit 1507, a position
reconstruction unit 1508, and a display unit 1509.

[0033] The element, such as a piezoelectric element, dis-
posed in the ultrasound probe 101 generates an ultrasound
signal based on a drive signal output from the transmitting
unit 102. The ultrasound signal is reflected by the structure,
such as a blood vessel wall and a muscle, inside the living
body of a subject, and part of the reflection component is
received by the ultrasound probe 101.

[0034] Thereceiving unit 103 sequentially performs, on the
received reflection signal, amplification, A/D (analog-to-
digital) conversion, delay adding processing of a signal of
each element, and the like to generate a receipt radio fre-
quency (RF) signal.

[0035] Thetransmitting and receiving control unit 104 con-
trols operations of the transmitting unit 102, and the receiving
unit 103. For the transmitting unit 102, for example, the
transmitting and receiving control unit 104 switches driving
voltages, and sets transmission frequency. For the receiving
unit 103, for example, the transmitting and receiving control
unit 104 sets delay time to allow reception beamforming to be
performed.

[0036] The ultrasound image generation unit 105 converts
the receipt RF signal into an ultrasound image, and stores the
ultrasound image in the image memory 1506. Examples of
the generated ultrasound image are: a B-mode image which
represents the signal strength by the intensity of brightness;
and a Doppler image which shows bloodstream and the speed
of movement of tissue which are calculated based on the
Doppler effect of the receipt RF signal.

[0037] The position obtainment unit 1507 obtains position
information LocInf0 of the ultrasound probe, and outputs the
position information LocInf0 to the position reconstruction
unit 1508. The position obtainment unit 1507 is, for example,
implemented by camera.

[0038] Based onthe position information LocInf0 received
from the position obtainment unit 1507, the position recon-
struction unit 1508 maps the ultrasound images, which are
stored in the image memory 1506, to a three-dimensional
space to construct a three-dimensional image ProcImg0 of the
imaging target.

[0039] The display unit 1509 displays the three-dimen-
sional image ProcImg0 on a display device, such as amonitor.
[0040] FIG. 16 is a flowchart showing operations per-
formed by the conventional ultrasound image generation
apparatus 1501.

[0041] The conventional ultrasound image generation
apparatus 1501 obtains the ultrasound image in Step S1601.
In Step S1602, the ultrasound image generation apparatus
1501 obtains, from the position obtainment unit 1507, posi-
tion information which corresponds to the ultrasound image
obtained in Step S1601. In Step S1603, the ultrasound image
generation apparatus 1501 determines whether or not the
obtainment of the ultrasound image has been completed. The
ultrasound image generation apparatus 1501 repeats the pro-
cessing in Step S1601 and Step S1602 until it is determined in
Step 1603 that the obtainment of the ultrasound image has
been completed. In Step S1604, the ultrasound image genera-
tion apparatus 1501 maps the obtained ultrasound images to
the three-dimensional space based on the position informa-
tion. In Step S1605, the ultrasound image generation appara-
tus 1501 displays the three-dimensional ultrasound image.
[0042] High-accuracy three-dimensional images are essen-
tial for increasing the accuracy of the diagnosis which is made
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based on the three-dimensional image. It is necessary to accu-
rately obtain position information to obtain the high-accuracy
three-dimensional image. However, the conventional ultra-
sonic diagnostic apparatus determines the position informa-
tion based on the information obtained by a single position
obtainment unit. When the position obtainment unit has
direction dependency of accuracy in obtaining the position
information, there is a problem that the accuracy of the posi-
tion information decreases in the direction in which the posi-
tion obtainment accuracy is low, and the accuracy in con-
structing the three-dimensional image decreases.

[0043] The position information can be obtained using a
position sensor, such as a camera; or by image processing
using ultrasound images. The following describes the direc-
tion dependency of position resolution, with examples of
position estimation using the camera and the image process-
ing.

[0044] FIG. 17 is a descriptive diagram of a method for
obtaining position information performed by the conven-
tional ultrasound image generation apparatus.

[0045] Shown in (a) in FIG. 17 is a descriptive diagram of
a method for obtaining position information with the camera.
The camera is disposed toward x-axis direction, tracks an
optical marker (marker) attached to the ultrasound probe, and
determines the position information of the marker based on
the amount of change in the shape or the orientation of the
marker. Assuming that the marker moves the same distance,
the amount of change in the shape or the orientation of the
marker is different depending on the direction in which the
marker moves. The amount of change is smaller when the
marker moves in the x-direction compared to the case in
which the marker moves in the y-axis direction or the z-axis
direction. The resolution of the position information is low
when the amount of change is small. Therefore, when the
position information is obtained using a camera, the resolu-
tion in the x-axis direction that is the depth direction of the
camera is low.

[0046] Shown in (b) in FIG. 17 is a descriptive diagram of
a method for obtaining position information by the image
processing. In this method, the amount of displacement in
position between the ultrasound images which are continu-
ously scanned is determined based on the correlation or the
like between the images to determine the relative position
relationship between the images. For example, by finding the
amount of displacement in position between two consecutive
B-mode images which are (N-1)-th image and N-th image,
the motion vector between (N-1)-th image and N-th image
can be determined. However, according to the method using
the correlation between images, the resolution in the travel-
ling direction (corresponding to the y-axis direction) of the
probe is low compared to the amount of displacement on the
image plane (a plane formed by the x-axis and the z-axis).

[0047] As described, the position information obtained by a
single technique has direction dependency. Thus, when
images are captured while the probe is being moved in arbi-
trary directions, a direction exists in which the resolution of
the position information is low. When the three-dimensional
image is constructed from the ultrasound images, the ultra-
sound images are mapped to the three-dimensional space
based on the position information. Thus, there is a problem
that the low resolution position information leads to
decreased accuracy in constructing the three-dimensional
image.
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[0048] The present invention has been conceived in view of
the above problem, and has an object to provide an ultrasound
image generation apparatus which reduces direction depen-
dency of accuracy in obtaining the position of the ultrasound
probe.

[0049] In order to solve the aforementioned problem, an
ultrasound image generation apparatus according to an aspect
of the present invention is an ultrasound image generation
apparatus which generates an ultrasound diagnostic image
from a plurality of ultrasound signals received from a subject
while an ultrasound probe is being moved, the ultrasound
image generation apparatus includes: a first motion estima-
tion unit configured to estimate, as a first motion vector, a
motion vector indicating a movement of the ultrasound probe
using a first estimation method, the motion vector indicating
the movement between a plurality of images of the respective
ultrasound signals; a second motion estimation unit config-
ured to estimate, as a second motion vector, a motion vector
indicating a movement of the ultrasound probe using a second
estimation method which is different from the first estimation
method in direction dependency of estimation accuracy, the
motion vector indicating the movement between the images
of the respective ultrasound signals; and a position recon-
struction unit configured to (i) assign, based on a direction of
the first motion vector or a direction of the second motion
vector, weights to the first motion vector estimated by the first
motion estimation unit and the second motion vector esti-
mated by the second motion estimation unit, (ii) combine the
weighted first and second motion vectors into a combined
motion vector, and (iii) construct the ultrasound diagnostic
image of the subject using the combined motion vector and
the images.

[0050] With this, a plurality of the motion vectors are esti-
mated using the first and the second estimation methods hav-
ing different direction dependency of the estimation accu-
racy, and the estimated motion vectors are combined. Thus, it
is possible to obtain the motion vector of the ultrasound probe
by combining the component of a direction in which the
estimation accuracy from the first estimation method is rela-
tively low with the component of a direction in which the
estimation accuracy from the second estimation method is
relatively high. At this time, it is possible to calculate the
motion vector having high accuracy in all directions by
assigning a lighter weight to the component having lower
estimation accuracy and assigning a heavier weight to the
component having higher estimation accuracy. Thus, it is
possible to reduce direction dependency of accuracy in
obtaining the position of the ultrasound probe.

[0051] Furthermore, for example, the first motion estima-
tion unit is configured to estimate a motion vector of the
ultrasound probe by calculating, based on image displace-
ment between two images among the images, the motion
vector indicating a movement made from when one of the two
mages is obtained till when the other of the two images is
obtained.

[0052] With this, it is possible to analyze the displacement
of the two images and estimate the amount of movement of
the ultrasound probe. This makes it possible to detect, with
relatively high accuracy, the motion of the ultrasound probe
on a plane including the cross-section of the subject which
transmitted the ultrasound signals corresponding to the
images.

[0053] Furthermore, for example, the first motion estima-
tion unit is configured to estimate the motion vector of the
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ultrasound probe from when the one of the two images among
the images is obtained till when the other of the two images is
obtained, by detecting an amount of the image displacement
between the two images based on a correlation between pixel
values of pixels included in the two images.

[0054] With this, it is possible to analyze the pixels which
are included in the two images to calculate the amount of
movement of the corresponding pixel or region, which is
formed by a plurality of pixels, and estimate the amount of
movement of the ultrasound probe based on the calculated
amount of movement. This makes it possible to detect, with
relatively high accuracy, the motion of the ultrasound probe
on a plane including the cross-section of the subject corre-
sponding to the images.

[0055] Furthermore, for example, the position reconstruc-
tion unit is configured to (i) calculate the combined motion
vector by assigning a heavier weight to the first motion vector
or the second motion vector when an angle formed by a
movement direction of the ultrasound probe and a corre-
sponding one of reference directions is greater, and (ii) con-
struct the ultrasound diagnostic image using the combined
motion vector, the corresponding one of the reference direc-
tions being a direction used as a reference by the first motion
estimation unit or the second motion estimation unit when th
estimation is made.

[0056] With this, when generating the combined vector, a
heavier weight is set to the component of a direction in which
the estimation accuracy is relatively high from the estimation
method, and then the weight is assigned to the estimated
position vector. This makes it possible to increase the accu-
racy of the combined motion vector. Thus, it is possible to
reduce direction dependency of accuracy in obtaining the
position of the ultrasound probe.

[0057] Furthermore, for example, the position reconstruc-
tion unit is configured to (i) calculate the combined motion
vector by assigning a heavier weight to the motion vector
estimated by the first motion estimation unit when an angle
formed by a movement direction of the ultrasound probe and
the reference direction used by the first motion estimation
unit is greater, and (ii) construct the ultrasound diagnostic
image using the combined motion vector, the reference direc-
tion being a direction in which estimation accuracy is low.
[0058] With this, when estimating the motion vector of the
ultrasound probe by image analysis, a heavier weight is set to
the direction component on a plane including the cross-sec-
tion of the subject corresponding to the images, and then the
combined position vector is generated. This makes it possible
to increase the accuracy of the combined motion vector.
[0059] Furthermore, for example, at least one of the first
motion estimation unit and the second motion estimation unit
is configured to capture, with acamera, an image of an optical
marker attached to the ultrasound probe, and calculate a posi-
tion and an angle of the ultrasound probe based on a position
or a shape of the optical marker in the captured image.
[0060] With this, it is possible to estimate the motion vector
of'the ultrasound probe by the optical marker and the camera.
This makes it possible to detect, with relatively high accuracy,
the motion of the ultrasound probe on a plane parallel to the
imaging surface of the camera.

[0061] Furthermore, for example, the position reconstruc-
tion unit is configured to (i) calculate the combined motion
vector by assigning a heavier weight to the motion vector
estimated by the optical motion estimation unit when an angle
formed by a movement direction of the ultrasound probe and
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a normal direction of an imaging surface of the camera is
greater, and (ii) assemble the images using the combined
motion vector, the normal direction being a reference direc-
tion used by the optical motion estimation unit.

[0062] With this, when estimating the ultrasound probe by
the optical marker and camera, a heavier weight is set to the
direction component on a plane parallel to the imaging sur-
face of the camera, and then the combined position vector is
generated. This makes it possible to increase the accuracy of
the combined motion vector.

[0063] Furthermore, for example, the first motion estima-
tion unit is configured to estimate a motion vector of the
ultrasound probe by calculating, based on image displace-
ment between two images among the images, the motion
vector indicating a movement made from when one of the two
images is obtained till when the other of the two images is
obtained, and the second motion estimation unit is configured
to estimate a motion vector of the ultrasound probe by cap-
turing, with a camera, an image of an optical marker attached
to the ultrasound probe, and calculating a position and an
angle of the ultrasound probe based on a position or a shape of
the optical marker in the captured image.

[0064] With this, it is possible to use both methods, namely,
the position estimation of the ultrasound probe by the image
processing, and the position estimation of the ultrasound
probe by the optical marker and camera, and generate the
combined position vector by combining the position vectors
of the ultrasound probe which are estimated using the afore-
mentioned methods.

[0065] Furthermore, for example, the ultrasound image
generation apparatus further includes a placement assist unit
configured to present information which prompts an operator
to perform an operation for changing at least one of (i) a
reference direction used by the first motion estimation unit
and (i1) a reference direction used by the second motion
estimation unit to allow the reference directions to be sub-
stantially orthogonal to each other.

[0066] With this, an operator can set the direction of the
estimation method so that the direction in which the estima-
tion accuracy from an estimation method is low matches the
direction in which the estimation accuracy is high from
another estimation method, in order to reduce the direction
dependency of accuracy in estimating the combined position
vector. Thus, it is possible to reduce direction dependency of
accuracy in obtaining the position of the ultrasound probe.
[0067] Furthermore, an ultrasound image generation
method according to an aspect of the present invention is an
ultrasound image generation method for generating an ultra-
sound diagnostic image from a plurality of ultrasound signals
received from a subject while an ultrasound probe is being
moved, the ultrasound image generation method includes:
estimating, as a first motion vector, a motion vector indicating
a movement of the ultrasound probe using a first estimation
method, the motion vector indicating the movement between
a plurality of images of the respective ultrasound signals;
estimating, as a second motion vector, a motion vector indi-
cating a movement of the ultrasound probe using a second
estimation method which is different from the first estimation
method in direction dependency of estimation accuracy, the
motion vector indicating the movement between the images
of the respective ultrasound signals; and (i) assigning, based
on a direction of the first motion vector or a direction of the
second motion vector, weights to the first motion vector esti-
mated in the estimating of the first motion vector and the
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second motion vector estimated in the estimating of the sec-
ond motion vector, (ii) combining the weighted first and
second motion vectors into a combined motion vector, and
(iii) constructing the ultrasound diagnostic image of the sub-
ject using the combined motion vector and the images.
[0068] This produces advantageous effects similar to the
advantageous effects produced by the above-described ultra-
sound image generation apparatus.

[0069] Furthermore, in the ultrasound image generation
method according to an aspect of the present invention, in the
estimating of the first motion vector, a motion vector of the
ultrasound probe is estimated by calculating, based on image
displacement between two images among the images, the
motion vector indicating a movement made from when one of
the two images is obtained till when the other of the two
images is obtained.

[0070] This produces advantageous effects similar to the
advantageous effects produced by the above-described ultra-
sound image generation apparatus.

[0071] The following describes the ultrasound image gen-
eration apparatus according to an aspect of the present inven-
tion with reference to the drawings.

[0072] It should be noted that each of the embodiments
described hereafter illustrates a specific example of the
present invention. Numerical values, shapes, materials, con-
stituent elements, the positioning and connection configura-
tion of the constituent elements, steps, the sequence of the
steps, and so on, described in the embodiments below are
merely examples and are not intended to limit the present
invention. Furthermore, among the constituent elements in
the following embodiments, those constituent elements
which are not described in the independent claims indicating
the broadest concept of the present invention are described as
optional constituent elements.

Embodiment 1

[0073] FIG. 1A is a configuration diagram of an ultrasound
image generation apparatus 10 according to Embodiment 1 of
the present invention.

[0074] As FIG. 1A shows, the ultrasound image generation
apparatus 10 according to Embodiment 1 of the present
invention includes: a first motion estimation unit 10A, a sec-
ond motion estimation unit 10B, and a position reconstruction
unit 10C.

[0075] The first motion estimation unit 10A estimates a
motion vector of the ultrasound probe using a first estimation
method. The motion vector indicates movement between a
plurality of images of the respective ultrasound signals.
[0076] The second motion estimation unit 10B estimates a
motion vector of the ultrasound probe using a second estima-
tion method which is different from the first estimation
method in direction dependency of estimation accuracy.
[0077] The position reconstruction unit 10C assigns, based
on the direction of the movement of the ultrasound probe,
weights to the motion vectors estimated by the first motion
estimation unit and the second motion vector, combines the
weighted first and second motion vectors into a combined
motion vector, and assembles the images according to the
combined motion vector, and thus generates the ultrasound
diagnostic image of the subject.

[0078] FIG. 16 is a configuration diagram of an ultrasound
image generation apparatus 11 according to Embodiment 1 of
the present invention.
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[0079] As shown in FIG. 16, the ultrasound image genera-
tion apparatus 11 includes: an ultrasound probe 101, a trans-
mitting unit 102, a receiving unit 103, a transmitting and
receiving control unit 104, an ultrasound image generation
unit 105, an image memory 105, a position obtainment unit
111, an image position estimation unit 112, a position recon-
struction unit 113, and a display unit 114. The operations of
the functional blocks which transmit and receive the ultra-
sound signal, perform processing for generating a B-mode
image or a Doppler image, and generate the ultrasound image
are the same as the operations of the functional blocks of the
conventional ultrasonic diagnostic apparatus 1501. Thus,
those functional blocks are given the same reference numer-
als, and descriptions thereof are omitted. The image position
estimation unit 112 corresponds to the first motion estimation
unit 10A. The position obtainment unit 111 corresponds to
the second motion estimation unit 10B.

[0080] Examples of the probes that can be used as the
ultrasound probe 101 are: a linear type probe which includes
at least a row of ultrasound transducers and obtains the two-
dimensional image; an oscillating 3D type probe which
obtains the three-dimensional image by sequentially gener-
ating two-dimensional images with a row of the ultrasound
transducers that performs oscillation or parallel moving; and
a matrix type probe which obtains three-dimensional image
with the ultrasound transducers disposed in a two dimen-
sional array. This embodiment describes, as an example, the
case of using the linear type probe.

[0081] The position obtainment unit 111 obtains position
information LocInfl of the ultrasound probe 101, and inputs
the position information LocInfl to the position reconstruc-
tion unit 113. The position obtainment unit 111 and the posi-
tion reconstruction unit 113 operate synchronously or operate
according to the existing reference dock to match the obtain-
ment timing of the position information and the obtainment
timing of the ultrasound image. The position information
includes six parameters that indicate the position in the three-
dimensional space (corresponding to the coordinate values of
X-axis, y-axis, and z-axis) and the orientation (which is infor-
mation indicating the amount of rotation about each of the
three axes, and is information that determines the orientation
of the ultrasound probe in the three-dimensional space). As
the position obtainment unit 101, various schemes can be
used, such as: an optical scheme, such as a camera; a magnetic
sensor; a gyro; an acceleration sensor; or GPS. In this
embodiment, the case of using the camera is described as an
example.

[0082] Based on the ultrasound images stored in an image
memory 115, the image position estimation unit 112 esti-
mates, based on the correlation between the images, a motion
vector MEInf between the images, and input the motion vec-
tor MEInf to the position reconstruction unit 113.

[0083] FIG. 2 is a descriptive diagram of a method for
obtaining the motion vector by image processing. Shown in
(a)in FIG. 2 is N-th obtained ultrasound image, and shown by
the solid line in (b) in FIG. 2 is (N+1)-th ultrasound image.
The displacement which corresponds to the displacement
vector shown in (b) in FIG. 2 exists between N-th image and
(N+1)-th image. The displacement is determined based on an
evaluation value of the entire image or for each of the evalu-
ation units which are obtained by dividing the image. For
example, the sum of the differences in pixel values between
the evaluation units may be assumed to be the evaluation
value. The displacement may be determined by searching the
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evaluation unit which has the smallest evaluation value in
(N+1)-th image with respect to the evaluation unit in a par-
ticular position in N-th image, and calculating the displace-
ment between the evaluation units. Furthermore, the displace-
ment may be determined by an evaluation using an index,
such as the correlation and an amount of mutual information
ofthe pixel values between the evaluation units. Furthermore,
a feature point may be detected based on an active contour
model, such as the scale-invariant feature transform (SIFT)
method or the SNAKES method, and the displacement vector
may be determined using the average or the mean value of the
displacement between a plurality of feature points. Further-
more, the center of gravity or the like of the contour may be
calculated using the detected feature points, and the displace-
ment of the center of gravity may be used as the displacement
vector. For example, when capturing an image of a site where
the contour is relatively dear, such as a blood vessel, the
contour of the capturing target may be extracted in an image,
and the region including the extracted contour may be used as
the evaluation unit. Furthermore, the displacement vector
may be obtained by using a point on the extracted contour as
a feature point. The displacement vector shown in (b) in FIG.
2 is a vector on an image plane. Thus, the displacement vector
is transformed into the vector in the three-dimensional space
based on the position information of N-th image. Hereinafter,
the vector which is in the three-dimensional space and indi-
cates the displacement between two images is referred to as a
motion vector. Shown in (¢) in FIG. 2 is a result of transform-
ing the displacement vector shown in (b) in FIG. 2 into the
motion vector. The direction of movement and the movement
distance of the ultrasound probe in the three-dimensional
space correspond to the motion vector. It should be noted that
the transformation into the motion vector may be performed
by the position reconstruction unit 113. Furthermore, in the
same manner, the motion vector can be calculated using the
difference between position information of N-th image and
(N+1)-th image obtained by the position obtainment unit 111.

[0084] The position reconstruction unit 113 maps the ultra-
sound images to the three-dimensional space based on the
position information determined by combining the position
information LocInfl and the motion vector MEinf in a
weighted manner to construct the three-dimensional image,
thereby generating a three-dimensional image ProcImgl for
display. Lastly, the display unit 114 displays the three-dimen-
sional image ProcImg1 on an output device, such as a moni-
tor. The ultrasound image generation apparatus 11 according
to the present invention is characterized by the operations
performed by the position obtainment unit 111, the image
position estimation unit 112, and the position reconstruction
unit 113. Thus, the following mainly describes the operations
performed by these functional blocks, and the descriptions on
the other functional blocks are omitted accordingly.

[0085] FIG. 3 is a flowchart of operations performed by the
ultrasound image generation apparatus 11. As shown in FIG.
3, the ultrasound image generation apparatus 11 obtains the
ultrasound image in Step S101. In Step S102, the ultrasound
image generation apparatus 11 obtains, from the position
obtainment unit 101, the position information which corre-
sponds to the ultrasound image obtained in Step S101. In Step
S$103, the ultrasound image generation apparatus 11 deter-
mines whether or not the obtainment of the ultrasound image
has been completed. The ultrasound image generation appa-
ratus 11 repeats the processing in Step S101 and Step S102
until it is determined in Step 103 that the obtainment of the
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ultrasound image has been completed. In Step S104, the
ultrasound image generation apparatus 11 estimates the rela-
tive amount of displacement between the ultrasound images
by the image processing, and calculates the motion vector. In
Step S105, based on the motion vector calculated based on the
position information obtained from the position obtainment
unit 111, and the motion vector obtained by the image pro-
cessing, the ultrasound image generation apparatus 11
assigns weight to each of the motion vectors, and determines
the position information of the ultrasound image. In Step
S106, the ultrasound image generation apparatus 11 maps the
ultrasound images to the three-dimensional coordinate space
based on the position information determined in Step S105 to
construct the three-dimensional image. In Step S107, the
ultrasound image generation apparatus 11 displays the three-
dimensional ultrasound image.

[0086] FIG.4isablock diagram showing a configuration of
the position reconstruction unit 113. The position reconstruc-
tion unit 113 includes: a direction difference obtainment unit
1131, a weight determination unit 1132, and a three-dimen-
sional image construction unit 1133.

[0087] The direction difference obtainment unit 1131 cal-
culates a direction difference Diff between the motion vector
obtained by the position obtainment unit 111 and the refer-
ence direction, that is to say, the angle formed by the motion
vector and the reference direction. Here, the reference direc-
tion indicates a particular direction with respect to the posi-
tion obtainment unit 111. The reference direction is, for
example, a depth direction of the camera. Furthermore, the
reference direction may be a normal direction of an imaging
surface of the camera.

[0088] The weight determination unit 1132 determines a
final motion vector by assigning, based on the direction dif-
ference Diff, a weight to the motion vector obtained by each
of the position obtainment unit 111 and the image position
estimation unit 112. In addition, the weight determination
unit 1132 adds, to the position information of the image
which is immediately preceding the target image to be pro-
cessed, the motion vector to determine the position informa-
tion of the target image to be processed, and input the deter-
mined position information to the three-dimensional image
construction unit 1133 as position information LocInf2.
[0089] The three-dimensional image construction unit
1133 maps the ultrasound images to the three-dimensional
space based on the position information LocInf2 to construct
a three-dimensional image.

[0090] Itshouldbenoted thatthe position information itself
can be added or subtracted when the direction included in the
position information is represented by a format which allows
addition and subtraction, such as quaternion. When the direc-
tion is represented by a format such as an Euler angle, the
position information is transformed into a format which
allows the addition and subtraction, and then addition or
subtraction is performed on the position information. Further-
more, the position obtainment unit 111 obtains the position
information relative to a reference position of the marker.
Thus, when mapping the ultrasound images to the three-
dimensional space, the three-dimensional image construction
unit 1133 performs rotation and translation by taking into
consideration the offset among the pixel position on the ultra-
sound image, the reference position of the marker, and the
orientation of the marker.

[0091] FIG. 5 is a descriptive diagram of an angle formed
by the reference direction and the motion vector. Here, the
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depth direction of the camera in which a position resolution
from the camera is low is set as the reference direction.
Furthermore, when it is assumed that the angle formed by the
reference direction and the motion vector is represented by 0,
the angle 6 corresponds to the direction difference Diff. It
should be noted that a motion vector obtained with the camera
is used as the motion vector when determining the angle 0.
For example, the weight determination unit 1132 assigns,
based on the angle 8, weights to the motion vector obtained
from the position obtainment unit 111 and the motion vector
obtained by the image processing, using a method exempli-
fied by (Expression 1).

[Math. 1]

mv_3=(1-cos O)xmv__1+cos Oxmv__1

[0092] Here, mv_3 represents the weighted motion vector,
mv_1 represents the motion vector obtained from the position
obtainment unit, and mv_2 represents the motion vector
obtained by the image processing. The camera has low posi-
tion resolution in the depth direction. Thus, when the motion
vector is closer to the depth direction that is when the cos 0 is
closer to 1, the weighting assigned to mv_1 is smaller.
[0093] Itshould be noted that the method for calculating the
motion vector is not limited to the method shown in Expres-
sion (1). The function which monotonically increases or
monotonically decreases when 6 varies can also be used.
[0094] FIG. 6 is a flowchart of operations performed by the
position reconstruction unit 113. In Step S1031, the position
reconstruction unit 113 calculates a motion vector 1 which is
a difference between the position of (N-1)-th image and the
position of N-th image that are obtained from the position
obtainment unit 101. In Step S1032, the position reconstruc-
tion unit 113 calculates, based on the correlation between
(N-1)-th image and N-th image, a motion vector 2 which
indicates amount of displacement between (N-1)-th image
and N-th image. In Step S1033, the position reconstruction
unit 113 calculates angle 6 which is the angle formed by the
motion vector 1 and the reference direction. In Step S1034,
the position reconstruction unit 113 assigns weights to the
motion vector 1 and the motion vector 2 based on the angle 0,
and determines a motion vector 3 which is the final motion
vector of N-th image. In Step S1035, the position reconstruc-
tion unit 113 adds the motion vector 3 to the position vector of
(N-1)-th image to determine the position of N-th image.
Here, the position vector is a vector determined by the posi-
tion and orientation of the image. It should be noted that the
angle 6 may be calculated based on the angle formed by the
motion vector 3 of (N-1)-th image and the reference direc-
tion. Furthermore, regarding the initial frame, the motion
vector 1 is assumed to be the motion vector 3. In Step S1036,
the position reconstruction unit 113 maps the ultrasound
images to the three-dimensional space based on the position
information to construct the three-dimensional image.
[0095] Next, another example of the method for assigning a
weight based on angle 6 is described. First, although the
motion vector 1 and the motion vector 2 are weighted together
based on the angle 6 according to Expression (1), the motion
vector may be resolved into direction components, and then
weights may be assigned.

[0096] FIG. 7 shows an example of resolving the motion
vector based on the reference direction. Shown in (a) in FIG.
7 is a relationship between the motion vector 1 and the refer-
ence direction. Shown in (b) in FIG. 7 is an example in which
the motion vector 1 is resolved into three components,

(Expression 1)
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namely, a reference direction component, a first orthogonal
component of the reference direction, and a second orthogo-
nal component of the reference direction. The effect of the
degradation of position resolution from the camera is signifi-
cant on the reference direction component, and therefore the
weighting assigned to the reference direction component is
different from the weighting assigned to the other two direc-
tions. Expression (2) shows an example of the weighting.

[Math. 2]
mv__3[ref]=(1-cos 8)xmv__1[ref]+cos Oxmv_ 2[ref]
my__3[refl=(1-o)xmv__1/[crslJ+axmv_2[crs1]

my_3[ref]=(1-B)xmv__1fers1]J+Pxmv_2 fersl)

[0097] Here, the definition of each of the vectors, which are
mv_1, mv_2, and mv_3, is the same as the definition for
Expression (1). [ref], [crs1], and [crs2] represents the refer-
ence direction component of the motion vector, the first
orthogonal component of the reference direction, and the
second orthogonal component of the reference direction,
respectively. Furthermore, a represents the weight assigned to
the first orthogonal component, and 3 represents the weight
assigned to the second orthogonal component. It should be
noted that, by setting o or 3 to 0, it is also possible to remove
contribution from (no contribution is made by) the compo-
nent in the corresponding direction.

[0098] FIG.8isa diagram showing an example of resolving
the motion vector into absolute coordinate space components.
The absolute coordinate space is a three-dimensional space
determined by pre-set three axes (x-axis, y-axis, and z-axis in
FIG. 8) which are orthogonal to each other. The motion vector
1 is resolved into components in the three axial directions,
namely, X, y, and z. At this time, the component in each axial
direction is determined based on the angle formed by each
axis and a reference direction C (the reference direction of the
camera), and the angle formed by each axis and a reference
direction I (the reference direction of image processing).
Here, the reference direction I (the reference direction of
image processing) is a direction in which the position reso-
lution from the image processing is low, and indicates the
normal direction of the imaging surface of the ultrasound
image. Expression (3) shows an example of assigning a
weight to the motion vector.

(Expression 2)

[Math. 3]

mv__3 [x]=clx(1-cos ¢p)xmv__1[x]+c2x(1cos T)xmy__

2/x] (Expression 3)
[0099] Here, ¢ represents an angle formed by the reference
direction C and x-axis, T represents an angle formed by the
reference direction I and x-axis, and [X] represents a compo-
nent in the x-axis direction of the motion vector. Each of c1
and c2 is a coefficient for normalizing the sum of the weights
assigned to mv_1[x] and mv_2[x] to be one. It should be
noted that y-axis direction and z-axis direction can be pro-
cessed in a similar manner. This method is advantageous in
that weighting can be flexibly assigned to the motion vector
obtained with the camera and the motion vector obtained by
the image processing.
[0100] Tt should be noted that ratio of contribution on mv_3
[x] by each of mv_1[x], and mv_2[x] can be set by changing
cl and c2. For example, the contribution of each of mv_1[x]
and mv_2[x] can be made equal by setting c1 and c2 to the
same value. Furthermore, by setting c1 to a constant multiple
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of ¢2, it is possible to make the contribution of mv_1[x] to be
a constant multiple of mv_2[x].

[0101] Furthermore, a plurality of cameras may be used as
the position obtainment unit 111. FIG. 9 is a descriptive
diagram of a method for obtaining position information with
cameras. Shown in (a) in FIG. 9 is an example in which the
position information is obtained using two cameras which are
a camera 901 and a camera 902. At this time, it is preferable
that the cameras be arranged spaced apart from each other
facing different directions. The above arrangement makes it
possible to (i) prevent the occurrence of the marker being
obstructed, by an operator of the ultrasound probe or by the
body of the subject, and not being captured with a camera and
(ii) reduce the direction in which the position resolution is
low, by arranging the cameras so that the cameras have dif-
ferent reference directions. Shown in (h) in FIG. 9 are the
angle formed by a reference direction C1 (the reference direc-
tion of the camera 901) and the motion vector, and an angle
formed by the reference direction C2 (the reference direction
of the camera 2) and the motion vector. Here, as the motion
vector used when determining the angle 6, it is possible to use
the motion vector obtained with the camera 1, the motion
vector obtained with the camera 2, or the motion vector 3 of
an immediately preceding image.

[0102] The motion vector 3 that is the final motion vector is
obtained by (i) determining the motion vector 1 by combining
the motion vectors obtained by the cameras, (ii) assigning
weights to the motion vector 1 and the motion vector 2
according to (Expression 1), and (iii) combining the weighted
motion vector 1 and the weighted motion vector 2. Alterna-
tively, instead of using a single vector which is obtained by
combining the motion vectors obtained with the cameras,
weighting may be assigned to the motion vectors obtained by
the cameras and the motion vector 2. An example of the
former is shown as (Expression 4).

[Math. 4]

mv_1[refl]=(1-cos O)xmv__11[ref]+cos Oxmv__12

[ref]
mv__1[crsl]=(1-a)xmv_11/crs1]+oaxmy__12 [crsl]

my_1[crs2]=(1-P)xmv__11fers2J+Pxmv_12[crs2]  (Expression 4)

[0103] Here,mv_1,mv_11,andmv_12 arerespectively the
motion vector 1 which is obtained by combining the motion
vectors obtained with the cameras, the motion vector
obtained with the camera 1, and the motion vector obtained
with the camera 2. [ref], [crsl], and [crs2] represents the
reference direction component of the motion vector, the first
orthogonal component of the reference direction, and the
second orthogonal component of the reference direction,
respectively. Furthermore, a represents the weight assigned to
the first orthogonal component, and {3 represents the weight
assigned to the second orthogonal component. When deter-
mining mv_11,and mv_12, the position information obtained
by the other of the cameras may be fed back. For example, the
resolution from the camera 1 is low on the motion in x-axis
direction. However, the position resolution in x-axis direction
from the camera 1 is improved by using, when determining
the position information with the camera 1, the amount of
movement in x-axis direction obtained with the camera 2. It
should be noted that although FIG. 9 describes the case in
which the two cameras are used, extension is possible by
using three or more cameras as well. Furthermore, a plurality
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of types of position sensors, such as a camera and a gyro, may
be used in combination with each other.

[0104] In the above, the position obtainment unit 101 and
the image processing are used together, and the motion vector
is introduced to determine the position information because
the image processing only provides a relative positional rela-
tionship. However, the position obtainment unit 101, such as
the camera, can provide the absolute value of the position
relative to an origin of the position obtainment unit 101.
Therefore, when determining the position information based
only on the position information obtained by a plurality of
position obtainment units 101, the absolute value of the posi-
tion obtained by each of the position obtainment units may be
weighted, without using the motion vector.

[0105] FIG. 10 is a diagram showing advantageous effects
of'the ultrasound image generation apparatus 11 according to
Embodiment 1 of the present invention. In this example, the
ultrasound probe moves in y-axis direction, and the reference
direction of the camera is x-axis direction. Thus, with respect
to the motion of the ultrasound probe, the camera can provide
high resolution position information on yz-plane, and the
image processing can provide high resolution position infor-
mation on zx-plane. Therefore it is possible to obtain high
resolution position information in all directions by using the
camera and the image processing in combination with each
other. In this manner, by combining a plurality of position
information obtainment schemes, it is possible to obtain high
resolution position information on the motion of the ultra-
sound probe in any direction.

[0106] As described above, with the ultrasound image gen-
eration apparatus according to an aspect of the present inven-
tion, a plurality of the motion vectors are estimated using the
first and the second estimation methods having different
direction dependency of the estimation accuracy, and the
estimated motion vectors are combined. Thus, it is possible to
obtain the motion vector of the ultrasound probe by combin-
ing the component of a direction in which the estimation
accuracy from the first estimation method is relatively low
with the component of a direction in which the estimation
accuracy from the second estimation method is relatively
high. At this time, it is possible to calculate the motion vector
having high accuracy in all directions by assigning a lighter
weight to the component having lower estimation accuracy
and assigning a heavier weight to the component having
higher estimation accuracy. Thus, it is possible to reduce
direction dependency of accuracy in obtaining the position of
the ultrasound probe.

[0107] Furthermore, it is possible to analyze the displace-
ment of the two images and estimate the amount of movement
ofthe ultrasound probe. This makes it possible to detect, with
relatively high accuracy, the motion of the ultrasound probe
on a plane including the cross-section of the subject which
transmitted the ultrasound signals corresponding to the
images.

[0108] Furthermore, it is possible to analyze the pixels
which are included in the two images to calculate the amount
of movement of the corresponding pixel or region, which is
formed by a plurality of pixels, and estimate the amount of
movement of the ultrasound probe based on the calculated
amount of movement. This makes it possible to detect, with
relatively high accuracy, the motion of the ultrasound probe
on a plane including the cross-section of the subject corre-
sponding to the images.
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[0109] Furthermore, when generating the combined vector,
a heaver weight is set to the component of a direction in which
the estimation accuracy is relatively high from the estimation
method, and then the weight is assigned to the estimated
position vector. This makes it possible to increase the accu-
racy of the combined motion vector. Thus, it is possible to
reduce direction dependency of accuracy in obtaining the
position of the ultrasound probe.

[0110] Furthermore, when estimating the motion vector of
the ultrasound probe by image analysis, a heavier weight is set
to the direction component on a plane including the cross-
section of the subject corresponding to the images, and then
the combined position vector is generated. This makes it
possible to increase the accuracy of the combined motion
vector.

[0111] Furthermore, it is possible to estimate the motion
vector of the ultrasound probe by the optical marker and the
camera. This makes it possible to detect, with relatively high
accuracy, the motion of the ultrasound probe on a plane par-
allel to the imaging surface of the camera.

[0112] Furthermore, when estimating the ultrasound probe
by the optical marker and camera, a heavier weight is set to
the direction component on a plane parallel to the imaging
surface of the camera, and then the combined position vector
is generated. This makes it possible to increase the accuracy
of the combined motion vector.

[0113] Furthermore, it is possible to use both methods,
namely, the position estimation of the ultrasound probe by the
image processing, and the position estimation of the ultra-
sound probe by the optical marker and camera, and generate
the combined position vector by combining the position vec-
tors of the ultrasound probe which are estimated using the
aforementioned methods.

Embodiment 2

[0114] FIG.11 isablock diagram showing configuration of
an ultrasound image generation apparatus 12 according to
Embodiment 2 of the present invention. The ultrasound image
generation apparatus 12 includes: an ultrasound probe 101, a
transmitting unit 102, a receiving unit 103, a transmitting and
receiving control unit 104, an ultrasound image generation
unit 105, an image memory 115, animage position estimation
unit 112, a position reconstruction unit 113, a position obtain-
ment unit 201, a placement assist unit 202, and a display unit
203. As described with reference to FIG. 10, the ultrasound
image generation apparatus according to the present inven-
tion reduces the direction in which the position resolution is
low, by complementing each other between a plurality of
position obtainment units or between the position obtainment
unit and the image processing. Compared to the ultrasound
image generation apparatus 11, the ultrasound image genera-
tion apparatus 12 additionally includes the placement assist
unit 202 which determines the placement position of the
position obtainment unit 201, such as a camera. It should be
noted that the same reference numerals are given to the func-
tional blocks that are the same as the functional blocks
included in the ultrasound image generation apparatus 11,
and the descriptions thereof are omitted.

[0115] The placement assist unit 202 determines the place-
ment target position of the position obtainment unit 201 based
on the position information LocInf2, which indicates the
initial position, obtained from the position obtainment unit
201, and generates assist information Navilnf which is for
placing the position obtainment unit to the placement target
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position, and input the assist information Navilnf to the dis-
play unit 203. The display unit 203 displays the assist infor-
mation Navilnf on a display device.

[0116] FIG. 12 is a flowchart showing operations per-
formed by the ultrasound image generation apparatus 12.
First, in Step S301, the ultrasound image generation appara-
tus 12 obtains the current position of the position obtainment
unit 201, and determines the placement target position of the
position obtainment unit 201 so that the position obtainment
unit 201 is in a predetermined position relative to the target to
be imaged. The following describes the processing performed
when a camera is used as the position obtainment unit 201.
[0117] First, in the current position, the ultrasound image
generation apparatus 12 captures with the camera an image of
the calibration marker placed near the site of interest of the
subject to be imaged, and calculates the position of the cam-
era relative to the calibration marker. Alternatively, the posi-
tion of the camera relative to the target position to be imaged
may be determined by scanning, with the ultrasound probe to
which the marker is attached, the site of interest to be imaged
and obtaining the position of the marker. Next, a method for
determining the placement target position is described. The
position resolution in the normal direction of the imaging
surface of the ultrasound probe is low in the case of image
processing. Thus, the camera is placed so that the difference
between (i) the direction in which the position resolution of
the camera is high and (ii) the normal direction of the imaging
surface is equal to or less than a threshold value. The normal
direction of the imaging surface can be obtained, by placing
the calibration marker having a predetermined positional
relationship relative to the normal direction, and capturing the
calibration marker with the camera. Furthermore, the normal
direction of the imaging surface can also be obtained by
scanning the site to be imaged, and capturing the movement
direction of the ultrasound probe with the camera. Further-
more, the camera has low position resolution in the depth
direction. Thus, when a plurality of cameras is used, the
cameras are placed so that the depth direction of a camera lies
in the direction in which the other one of the cameras has high
position resolution.

[0118] For example, when two cameras are used, the two
cameras are placed so that the angle formed by the depth
directions of the cameras be close to 90 degrees (i.e. approxi-
mately orthogonal to each other). When the angle formed by
the depth directions of the cameras is 90 degrees and the
motion vector of the ultrasound probe matches the depth
direction of one of the cameras, the position resolution from
the one of the camera is significantly lowered. However, the
motion vector of the ultrasound probe does not match the
depth direction of the other of the cameras at the same time.
Therefore, the resolution of position obtainment by the two
cameras is maintained at a certain level or greater. It should be
noted that, the angle formed by the depth directions of the
cameras may be set in a predetermined range close to 90
degrees. For example, the angle may be set in a range from 80
degrees to 100 degrees or may be set in other ranges. It should
be noted that the distance between the camera and the site of
interest to be imaged is determined so that the range of move-
ment of the ultrasound probe is in the field of view of the
camera.

[0119] InStep S302, the ultrasound image generation appa-
ratus 12 generates, based on the current position and the
placement target position of the position obtainment unit 201,
the assist information which is for guiding the position
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obtainment unit 201 to the placement target position, and
displays the assist information. Subsequently, a user moves
the position obtainment unit 201 according to the assist infor-
mation so that the position of the position obtainment unit 201
matches the placement target position.

[0120] InStep S303, the ultrasound image generation appa-
ratus 12 determines whether or not the difference in the posi-
tion and the orientation between the current position and the
placement target position is equal to or less than the threshold
value, and repeats the processes in Step S301 and Step S302
until the difference becomes equal to or less than the thresh-
old value.

[0121] When it is determined in Step S303 that the differ-
ence in position and orientation between the current position
and the placement target position is equal to or less than the
threshold value, the ultrasound image generation apparatus
12 displays, in Step S304, assist information which indicates
the completion of the placement of the position obtainment
unit 201. The subsequent operations are the same as opera-
tions performed by the ultrasound image generation appara-
tus 11.

[0122] It should be noted that a plurality of the position
obtainment units 201 may be provided. When the position
obtainment units 201 are used, the ultrasound image genera-
tion apparatus 12 determines, in S302, the current position
and the placement target position for each of the position
obtainment units 201. Furthermore, the position obtainment
unit 201 does not necessarily have to be placed by a user. The
position obtainment unit 201 may be attached to a movable
device, such as an electrically-driven stage or a robot arm, to
be automatically moved to the placement target position. In
the above, the placement of the position obtainment unit 201
is performed only once before capturing an ultrasound image.
However, in practice, the placement target position changes
when the travel direction changes. Therefore, when the posi-
tion obtainment unit 201 can be automatically moved, the
ultrasound image generation apparatus 12 may calculate the
placement target position according to the travel direction,
and move the position obtainment unit 201 to the calculated
placement target position.

[0123] FIG.13isadescriptive diagram regarding the place-
ment of the camera and the assist information on the place-
ment of the camera. Shown in (a) in FIG. 13 is an example of
the placement target position of the camera when capturing an
image of a carotid artery positioned near the neck of a human.
A camera 1 (1301) and a camera 2 (1302) are placed so that a
neck 1313, which is a site of interest to be imaged, is in their
field of views, and their depth directions cross each other to
form an angle close to a right angle. A calibration marker
1312 is used to obtain the current position, and is set so that
the relative position of the neck 1313 and the calibration
marker 1312 is constant. With this, it is possible to obtain the
relative position of the neck 1313 and the cameras (1301 and
1302).

[0124] Shownin (b)inFIG. 13 is an example display of the
assist information. In FIG. 13, the solid lines indicate the
current position (1301A) of the camera 1 and the current
position (1302A) of the camera 2. Furthermore, the broken
lines indicate the placement target position (1301B) of the
camera 1 and the placement target position (1302B) of the
camera 2. The arrows in the drawing indicate the movement
directions for guiding each of the cameras to their respective
placement target positions, and the user moves the cameras in
the directions indicated by the arrows. It should be noted that,
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compared to movement in z-direction shown in (a) in FIG. 13,
the ultrasound probe is more often moved in the direction of
X-axis or y-axis, when capturing the neck. Thus, when one
camera is used, the movement in the x-axis direction and the
movement in the y-axis direction in which the position reso-
lution obtained by image processing is low can be obtained
with high resolution by placing the camera at the position to
look down the neck as shown with the camera 2 (1302) in the
drawing.
[0125]
ments.
[0126] FIG. 14A is a flowchart showing operations per-
formed by a variation of the ultrasound image generation
apparatus 11 according to Embodiment 1. The ultrasound
image generation apparatus assigns a weight to a motion
vector obtained from one or more position obtainment units to
determine the motion vector of the ultrasound image once,
and then corrects the motion vector by image processing. The
steps the same as the steps in FIG. 3 are given the same
reference numerals, and the descriptions thereof are omitted.
[0127] First, in the steps up to Step S103, the ultrasound
image generation apparatus completes the obtainment of the
ultrasound image, and the obtainment of the position infor-
mation from the position obtainment unit. In Step S201, the
ultrasound image generation apparatus obtains the position
information from the one or more position obtainment units.
[0128] InStep S202, the ultrasound image generation appa-
ratus weights the position information from the one or more
position obtainment units obtained in Step S201, and deter-
mines the motion vector.

[0129] InStep S203, the ultrasound image generation appa-
ratus estimates a relative displacement amount between ultra-
sound images by the image processing, and transforms the
estimated amount of displacement into the vector in the three-
dimensional space, and thus calculates the correction vector.
The amount of displacement between (N-1)-th image and
N-th image may be estimated after moving N-th image based
on the motion vector of N-th image which is determined in
Step S202. With this, it is possible to roughly estimate the
amount of displacement using the motion vector obtained
from the position obtainment unit, and then perform high
accuracy estimation by the image processing. This makes it
possible to reduce the amount of processing, and increase the
robustness in position estimation. Furthermore, when setting
the correction vector, continuity of the amount of movement
among a plurality of consecutive images may be taken into
consideration so that the motion vector changes smoothly.
For example, when the motion vector obtained from the posi-
tion obtainment unit fluctuates due to, for example, an
unsteady movement of a hand or an error of the position
obtainment unit, smoothing the change in motion vector by
the image processing makes it possible to reduce the fluctua-
tion and approximate the precise position. In addition, to
estimate the amount of displacement, instead of using the
correlation between the images, the motion vector obtained
by the position obtainment unit may be smoothed by interpo-
lation processing, such as spline interpolation, or by filter
processing. The difference between the motion vector before
and after the smoothing may be used as the correction vector.
It should be noted that, without using the motion vector, the
smoothing processing may be performed on the position
information obtained from the position obtainment unit, and
may obtain, as the motion vector, the difference between the
position information before and after the smoothing.

The following describes a variation of the embodi-
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[0130] InStep S204, the ultrasound image generation appa-
ratus corrects the motion vector by adding the correction
vector to the motion vector.

[0131] InStep S205, the ultrasound image generation appa-
ratus constructs the three-dimensional image by mapping the
ultrasound images to the three-dimensional space based on
the corrected motion vector, and displays the three-dimen-
sional image in Step S107.

[0132] Furthermore, the position reconstruction 103 may
perform the following operations to reduce effects of the error
in obtaining the position information or unsteady movement
of a hand. First, reliability of the position information
obtained by the position obtainment unit or the image pro-
cessing is set so as not to use the position information of low
reliability. For example, when the position information
obtained by one camera and the image processing is used and
the reliability of the position information obtained by the
image processing is equal to or less than the threshold value,
only the position information obtained with the camera is
used. Alternatively, when the position information obtained
by two cameras and the image processing is used and the
reliability of the position information from one of the cameras
is low, the position information from the other of the cameras
and the image processing is used. Furthermore, for example,
when the position information having reliability equal to or
greater than a threshold value does not exist, use of the cor-
responding ultrasound image may be avoided in constructing
the three-dimensional image. The amount of change in the
motion vectors between the consecutive images can be used
as the reliability of the position obtainment unit. For example,
when the difference in the absolute values or the directions
between the motion vector of (N-1)-th image and the motion
vector of N-th image exceeds a threshold value, the position
information of N-th image is invalidated. In the image pro-
cessing, in addition to a similar criterion, for example, when
searching the evaluation unit having the lowest evaluation
value in estimating the amount of displacement, the position
information may be invalidated if the smallest evaluation
value exceeds a threshold value. In addition, the errors on the
position information may accumulate, when the position
information of the preceding image is used in determining the
final position information based on a motion vector 3 or the
motion vector 3. Thus, the accumulation of errors may be
reduced by resetting the position information at predeter-
mined scan time intervals or for every obtainment of a pre-
determined number of images so that the position information
of the image is determined based only on the position infor-
mation of the image to be processed.

[0133] Furthermore, the above described an example in
which the position obtainment unit is the camera, and a
weight is assigned to the position information based on the
difference in direction between the reference direction and
the direction of the motion vector. However, the criterion for
assigning a weight is not limited to the difference in direc-
tions. For example, the weight may be assigned based on a
distance between a magnetic transmitter in a magnetic sensor
and the probe or, when the resolution is different depending
on the direction of rotation, such as a gyro, the weight may be
assigned according to the direction of rotation.

[0134] Itshould be noted that although the apparatus which
constructs the three-dimensional image based on the position
information obtained with high position resolution has been
described thus far in the above, the application is not limited
to the construction of the three-dimensional image. For
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example, the above can be applied to align an ultrasound
image and a two-dimensional image or a three-dimensional
image captured by a modal, such as Cr and MRI, other than
the ultrasound; or to align position of the ultrasound images
which are obtained on different dates, such as at the time of
periodic diagnoses. Furthermore, the position obtainment
unit and the image processing need not necessarily be used
together. In particular, when a plurality of position obtain-
ment units is used, the position information may be deter-
mined based only on the position obtainment units.

[0135] It should be noted that the following makes it pos-
sible to improve the accuracy in position obtainment per-
formed by the position obtainment unit 111 and the image
position estimation unit 112.

[0136] Trade-off relationship exists between the improve-
ment in accuracy of position obtainment and the increase in
the frequency of position obtainment performed by the posi-
tion obtainment unit 111 and the image position estimation
unit 112. The accuracy of information can be improved by
performing, in the position obtainment unit 111 and the image
position estimation unit 112, high accuracy or robust position
information determination processing on the obtained infor-
mation, for example, by an iterative operation. However, a
predetermined amount of time is needed to perform the high
accuracy or robust position information determination pro-
cessing, and thus the frequency of position obtainment is
decreased.

[0137] Inview ofthis, the frequency of the position obtain-
ment performed by the position obtainment unit 111 and the
image position estimation unit 112 is changed according to
the accuracy of position obtained by the position obtainment
unit 111 and the image position estimation unit 112. Specifi-
cally, frequency of the position obtainment is controlled by
feeding back the difference between the position information
obtained by the position obtainment unit 111 and the position
information obtained by the image position estimation unit
112. Each of the position obtainment unit 111 and the image
position estimation unit 112 has an operation mode in which
the accuracy or the robustness is low and the position obtain-
ment frequency is high (high frequency mode), and an opera-
tion mode in which the accuracy or the robustness is high and
the position obtainment frequency is low (high accuracy
mode), and these operation modes are switched according to
the feedback information. This makes it possible to improve
the accuracy in or frequency of position obtainment per-
formed by the position obtainment unit 111 and the image
position estimation unit 112 according to the status of posi-
tion obtainment. FIG. 14B shows an example of the feedback
control.

[0138] FIG. 14B shows a configuration diagram of an
example of the ultrasound image generation apparatus
including a feedback unit. As shown in FIG. 14B, in this
example, the ultrasound image generation apparatus includes
a feedback unit 116. The operations performed by the other
functional blocks are the same as the operations performed by
the functional blocks included in the ultrasonic diagnostic
apparatus 11. Thus, the same functional blocks are given the
same reference numerals, and descriptions thereof are omit-
ted.

[0139] Specifically, the feedback unit 116 obtains the posi-
tion information obtained by the position obtainment unit 111
and the image position estimation unit 112. Then, the feed-
back unit 116 calculates the difference between the position
information, and switches the position obtainment unit 111
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and the image position estimation unit 112 to the high accu-
racy mode, when the difference is greater than a threshold
value. Furthermore, when the difference between the position
information is smaller than the threshold value, the feedback
unit 116 switches the position obtainment unit 111 and the
image position estimation unit 112 to the high frequency
mode. This makes it possible to improve the accuracy in or
frequency of position obtainment performed by the position
obtainment unit 111 and the image position estimation unit
112 according to the status of position obtainment.

[0140] As described above, with the ultrasound image gen-
eration apparatus according to an aspect of the present inven-
tion, an operator can set the direction of the estimation
method so that the direction in which the estimation accuracy
from an estimation method is low matches the direction in
which the estimation accuracy is high from another estima-
tion method, in order to reduce the direction dependency of
accuracy in estimating the combined position vector. Thus, it
is possible to reduce direction dependency of accuracy in
obtaining the position of the ultrasound probe.

Embodiment 3

[0141] The processing described in each of the above
embodiments can be easily implemented on an independent
computer system, by recording, on a recording medium such
as a flexible disk, a program for realizing the ultrasound
image generation method described in the above embodi-
ments.

[0142] FIG.18is diagrams explaining the case in which the
ultrasound image generation method according to the above-
described embodiments is implemented by a computer sys-
tem using a program recorded on a recording medium, such as
a flexible disk.

[0143] Shownin (b)in FIG. 18 is a front appearance of the
flexible disk, a cross section of the flexible disk, and the
flexible disk. Shown in (a) in FIG. 18 is an example of a
physical format of the flexible disk as a recording medium
body. A flexible disk FD is contained in a case F, and a
plurality oftracks Trare concentrically formed on a surface of
the flexible disk FD from outer to inner peripheries. Each
track is divided into 16 sectors Se in an angular direction. This
being so, in the flexible disk storing the program, the program
is recorded in an area allocated on the flexible disk FD.
[0144] Shown in (¢) in FIG. 18 is a structure of recording
and reproducing the program on the flexible disk FD. In the
case of recording, on the flexible disk FD, the above program
which realizes the image processing method, the above pro-
gram is written from a computer system Cs via a flexible disk
drive. In the case of implementing, on the computer system,
the image processing method which realizes the image pro-
cessing method by the program recorded on the flexible disk,
the program is read from the flexible disk and transferred to
the computer system via the flexible disk drive.

[0145] Although the above describes an example of using
the flexible disk as the recording medium, an optical disc may
equally be used. Moreover, the recording medium is not lim-
ited to such, and any recording medium such as an IC card, a
ROM cassette, and the like is applicable so long as the pro-
gram can be recorded.

[0146] It should be noted that each of the blocks, such as an
ultrasound image generation unit 105, a position obtainment
unit 111, an image position estimation unit 112, a position
reconstruction unit 113, and an image memory 115 shown in
FIG. 1B, is typically implemented as an LSI (Large Scale
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Integration) which is an integrated circuit. These blocks may
be individually configured as single chips or may be config-
ured so that a part or all of the blocks are included in a single
chip.

[0147] Although the name used here is LSI, it may be
referred to as any of an IC (integrated circuit), a system LSI,
a super LSI, or an ultra LSI, depending on the difference in
degree of integration.

[0148] Moreover, ways to achieve integration are not lim-
ited to an LSI, and may be implemented by a special circuit or
a general-purpose processor. For example, a special circuit
for graphics processing, such as Graphic Processing Unit
(GPU) can be used. A Field Programmable Gate Array
(FPGA) which allows programming after LSI manufacturing
ora reconfigurable processor which allows reconfiguration of
the connections and settings of the circuit cells inside the L.SI
may also be used.

[0149] Furthermore, when an integrated circuit technology
that replaces an LSI emerges from advancement of semicon-
ductor technologies or other derivative technologies, such a
technique can naturally be used for the functional block inte-
gration. The adaptation of biotechnology or the like is one of
the possibilities.

[0150] In the exemplary embodiments above, each of the
constituent elements may be implemented as a piece of spe-
cial hardware or implemented by executing a software pro-
gram appropriate for each of the constituent elements. The
constituent elements may also be implemented by a program
execution unit such as a CPU or a processor which reads and
executes a software program recorded on a recording
medium, such as a hard disk or a semiconductor memory.
Here, the ultrasound image generation apparatus and the like
in the above-described embodiments are implemented by
executing a software program below.

[0151] Specifically, the program causes the computer to
execute an ultrasound image generation method for generat-
ing an ultrasound diagnostic image from a plurality of ultra-
sound signals received from a subject while an ultrasound
probe is being moved, the ultrasound image generation
method includes: estimating, as a first motion vector, a
motion vector indicating a movement of the ultrasound probe
using a first estimation method, the motion vector indicating
the movement between a plurality of images of the respective
ultrasound signals; estimating, as a second motion vector, a
motion vector indicating a movement of the ultrasound probe
using a second estimation method which is different from the
first estimation method in direction dependency of estimation
accuracy, the motion vector indicating the movement
between the images of the respective ultrasound signals; and
(i) assigning, based on a direction of the first motion vector or
a direction of the second motion vector, weights to the first
motion vector estimated in the estimating of the first motion
vector and the second motion vector estimated in the estimat-
ing of the second motion vector, (ii) combining the weighted
first and second motion vectors into a combined motion vec-
tor, and (iii) constructing the ultrasound diagnostic image of
the subject using the combined motion vector and the images.

[0152] Furthermore, the program causes the computer to
execute, in the estimating of the first motion vector, estima-
tion of a motion vector of the ultrasound probe, the estimation
being performed by calculating, based on image displace-
ment between two images among the images, the motion
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vector indicating a movement made from when one of the two
images is obtained till when the other of the two images is
obtained.

[0153] The ultrasound image generation apparatus accord-
ing to one of or more of the aspects of the present invention
has been described based on the embodiments. However, the
present invention is not limited to these embodiments. Vari-
ous modifications of the exemplary embodiment as well as
embodiments resulting from any combinations of constituent
elements of different exemplary embodiments that may be
conceived by those skilled in the art may be included within
the scope according to one of or more of the aspects of the
present invention as long as these do not depart from the
essence of the present invention.

INDUSTRIAL APPLICABILITY

[0154] An ultrasound image generation apparatus and a
method according to the present invention determine, when
constructing a three-dimensional image using position infor-
mation and ultrasound images obtained by scanning in an
arbitrary direction the target to be imaged, the final position
information by assigning weights to position information
obtained from a plurality of position obtainment units. Thus,
it is possible to obtain high accuracy position information
relative to the movement in the arbitrary direction, and con-
struct a so high accuracy three-dimensional image. There-
fore, the ultrasound image generation apparatus and the
method make it possible to observe, with high accuracy, the
three-dimensional shape of the site to be diagnosed, and thus
can improve the diagnosis accuracy, and are highly applicable
in particular to medical diagnostic appliance industry.

REFERENCE SIGNS LIST
[0155] 10,11, 12 Ultrasound image generation apparatus
[0156] 10A First motion estimation unit
[0157] 10B Second motion estimation unit
[0158] 10C, 113, 1508 Position reconstruction unit
[0159] 101 Ultrasound probe
[0160] 102 Transmitting unit
[0161] 103 Receiving unit
[0162] 104 Transmitting and receiving control unit
[0163] 105 Ultrasound image generation unit
[0164] 111,201, 1507 Position obtainment unit
[0165] 112 Image position estimation unit
[0166] 114,203, 1509 Display unit
[0167] 115, 1506 Image memory
[0168] 1131 Direction difference obtainment unit
[0169] 1132 Weight determination unit
[0170] 1133 Three-dimensional image construction unit

1-13. (canceled)

14. An ultrasound image generation apparatus which gen-
erates an ultrasound diagnostic image from a plurality of
ultrasound signals received from a subject while an ultra-
sound probe is being moved, the ultrasound image generation
apparatus comprising:

a first motion estimation unit configured to estimate, as a
first motion vector, a motion vector indicating a move-
ment of the ultrasound probe using a first estimation
method, the motion vector indicating the movement
between a plurality of images of the respective ultra-
sound signals;

a second motion estimation unit configured to estimate, as
a second motion vector, a motion vector indicating a
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movement of the ultrasound probe using a second esti-
mation method which is different from the first estima-
tion method in direction dependency of estimation accu-
racy, the motion vector indicating the movement
between the images of the respective ultrasound signals;
and
a position reconstruction unit configured to (i) assign,
based on a direction of the first motion vector or a direc-
tion of the second motion vector, weights to the first
motion vector estimated by the first motion estimation
unit and the second motion vector estimated by the sec-
ond motion estimation unit, (ii) combine the weighted
first and second motion vectors into a combined motion
vector, and (iii) construct the ultrasound diagnostic
image of the subject using the combined motion vector
and the images.
15. The ultrasound image generation apparatus according
to claim 14,
wherein the first motion estimation unit is configured to
estimate a motion vector of the ultrasound probe by
calculating, based on image displacement between two
images among the images, the motion vector indicating
a movement made from when one of the two images is
obtained till when the other of the two images is
obtained.
16. The ultrasound image generation apparatus according
to claim 15,
wherein the first motion estimation unit is configured to
estimate the motion vector of the ultrasound probe from
when the one of the two images among the images is
obtained till when the other of the two images is
obtained, by detecting an amount of the image displace-
ment between the two images based on a correlation
between pixel values of pixels included in the two
images.
17. The ultrasound image generation apparatus according
to claim 14,
wherein, the position reconstruction unit is configured to
(1) calculate the combined motion vector by assigning a
heavier weight to the first motion vector or the second
motion vector when an angle formed by a movement
direction of the ultrasound probe and a corresponding
one of reference directions is greater, and (ii) construct
the ultrasound diagnostic image using the combined
motion vector, the corresponding one of the reference
directions being a direction used as a reference by the
first motion estimation unit or the second motion esti-
mation unit when the estimation is made.
18. The ultrasound image generation apparatus according
to claim 17,
wherein the position reconstruction unit is configured to (i)
calculate the combined motion vector by assigning a
heavier weight to the motion vector estimated by the first
motion estimation unit when an angle formed by a
movement direction of the ultrasound probe and the
reference direction used by the first motion estimation
unit is greater, and (ii) construct the ultrasound diagnos-
tic image using the combined motion vector, the refer-
ence direction being a direction in which estimation
accuracy is low.
19. The ultrasound image generation apparatus according
to claim 14, further comprising
an optical motion estimation unit configured to capture,
with a camera, an image of an optical marker attached to
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the ultrasound probe, and calculate a position and an
angle of the ultrasound probe based on a position or a
shape of the optical marker in the captured image,

wherein at least one of the first motion estimation unit and
the second motion estimation unit is the optical motion
estimation unit.

20. The ultrasound image generation apparatus according
to claim 19,

wherein the position reconstruction unit is configured to (i)

calculate the combined motion vector by assigning a
heavier weight to the motion vector estimated by the
optical motion estimation unit when an angle formed by
a movement direction of the ultrasound probe and a
normal direction of an imaging surface of the camera is
greater, and (ii) assemble the images using the combined
motion vector, the normal direction being a reference
direction used by the optical motion estimation unit.

21. The ultrasound image generation apparatus according
to claim 14,

wherein the first motion estimation unit is configured to

estimate a motion vector of the ultrasound probe by
calculating, based on image displacement between two
images among the images, the motion vector indicating
a movement made from when one of the two images is
obtained till when the other of the two images is
obtained, and

the second motion estimation unit is configured to estimate

a motion vector of the ultrasound probe by capturing,
with a camera, an image of an optical marker attached to
the ultrasound probe, and calculating a position and an
angle of the ultrasound probe based on a position or a
shape of the optical marker in the captured image.

22. The ultrasound image generation apparatus according
to claim 17, further comprising

a placement assist unit configured to present information

which prompts an operator to perform an operation for
changing at least one of (i) the reference direction used
by the first motion estimation unit and (ii) the reference
direction used by the second motion estimation unit to
allow the reference directions to be substantially
orthogonal to each other.

23. An ultrasound image generation method for generating
an ultrasound diagnostic image from a plurality of ultrasound
signals received from a subject while an ultrasound probe is
being moved, the ultrasound image generation method com-
prising:

estimating, as a first motion vector, a motion vector indi-

cating a movement of the ultrasound probe using a first
estimation method, the motion vector indicating the
movement between a plurality of images of the respec-
tive ultrasound signals;

estimating, as a second motion vector, a motion vector

indicating a movement of the ultrasound probe using a
second estimation method which is different from the

May 23, 2013

first estimation method in direction dependency of esti-
mation accuracy, the motion vector indicating the move-
ment between the images of the respective ultrasound
signals; and

(1) assigning, based on a direction of the first motion vector
or a direction of the second motion vector, weights to the
first motion vector estimated in the estimating of the first
motion vector and the second motion vector estimated in
the estimating of the second motion vector, (ii) combin-
ing the weighted first and second motion vectors into a
combined motion vector, and (iii) constructing the ultra-
sound diagnostic image of the subject using the com-
bined motion vector and the images.

24. The ultrasound image generation method according to

claim 23,

wherein in the estimating of the first motion vector, a
motion vector of the ultrasound probe is estimated by
calculating, based on image displacement between two
images among the images, the motion vector indicating
a movement made from when one of the two images is
obtained till when the other of the two images is
obtained.

25. A non-transitory computer-readable recording medium
for causing a computer to execute the method according to
claim 23.

26. An integrated circuit which generates an ultrasound
diagnostic image from a plurality of ultrasound signals
received from a subject while an ultrasound probe is being
moved, the integrated circuit comprising:

a first motion estimation unit configured to estimate, as a
first motion vector, a motion vector indicating a move-
ment of the ultrasound probe using a first estimation
method, the motion vector indicating the movement
between a plurality of images of the respective ultra-
sound signals;

a second motion estimation unit configured to estimate, as
a second motion vector, a motion vector indicating a
movement of the ultrasound probe using a second esti-
mation method which is different from the first estima-
tion method in direction dependency of estimation accu-
racy, the motion vector indicating the movement
between the images of the respective ultrasound signals;
and

a position reconstruction unit configured to (i) assign,
based on a direction of the first motion vector or a direc-
tion of the second motion vector, weights to the first
motion vector estimated by the first motion estimation
unit and the second motion vector estimated by the sec-
ond motion estimation unit, (ii) combine the weighted
first and second motion vectors into a combined motion
vector, and (iii) construct the ultrasound diagnostic
image of the subject using the combined motion vector
and the images.
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