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(57) ABSTRACT

When scanning a three-dimensional region while rotating a
scanning plane about a predetermined axis (rotation axis), an
ultrasonic diagnostic apparatus calculates a motion vector of
a motion scanning plane (ultrasonic sectional layer) using
ultrasonic image data in the rotation axis and corrects a posi-
tional mismatch between the scanning planes using the cal-
culated motion vector. The motion vector is calculated and the
positional mismatch between the sectional layers, using at
least one frame having a cardiac time phase close to the frame
of which the motion should be corrected and being spatially
close to the frame, in addition to the frames at the same
cardiac time phase as the frame of which the motion should be
corrected.
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FIG. 4
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FIG. 6A
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FIG. 7
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FIG. 10A
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ULTRASONIC DIAGNOSTIC APPARATUS,
ULTRASONIC IMAGE PROCESSING
APPARATUS, AND ULTRASONIC IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2008-222646, filed Aug. 29, 2008, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a technique of
removing a noise of an image resulting from a body motion
due to breathing in an ultrasonic diagnostic apparatus and the
like making a four-dimensional display (real-time three-di-
mensional display) using a multi-plane transesophageal
echocardiography (MTEE) probe, or the like.

[0004] 2. Description of Related Art

[0005] In the ultrasonic diagnostic inspection, a heartbeat
or a fetus’s motion can be obtained and displayed in real time
by merely touching a body surface with an ultrasonic probe,
and the ultrasonic diagnostic inspection can be repeatedly
carried out because of its high stability. In addition, since the
system size of the ultrasonic diagnostic apparatus is smaller
than those of other diagnostic apparatuses such as an X-ray
diagnostic apparatus, a CT diagnostic apparatus, and an MRI
diagnostic apparatus, the ultrasonic diagnostic apparatus can
be easily moved to the side of a bed for inspection. For this
reason, the ultrasonic diagnostic inspection can be said to be
a simple diagnostic technique. The size of the ultrasonic
diagnostic apparatus used in the ultrasonic diagnostic inspec-
tion varies depending on the types of functions thereof and a
small-sized ultrasonic diagnostic apparatus which can be car-
ried with one hand has been developed. Unlike the X-ray
diagnostic inspection, the ultrasonic diagnostic inspection is
not influenced by an exposure, and thus can be used in obstet-
rics and gynecology or home medical treatment and the like.
[0006] In such an ultrasonic diagnostic apparatus, a tech-
nique of scanning a three-dimensional region using an MTEE
probe, creating a three-dimensional image using the acquired
data, and displaying the created image in real time is known.
Here, the MTEE probe is used to insert the probe into a
patient’s gullet to observe the heart and can also observe a
section at any angle by rotating one-dimensional array vibra-
tors. By slowly rotating the MTEE probe over 180°, the entire
viewing angle of 360° can be obtained. Therefore, when a
target to which the MTEE probe is applied is stationary, it is
possible to construct a three-dimensional image as a still
image or a real-time three-dimensional image (four-dimen-
sional image). On the other hand, when the target, such as a
heart, is moving, it is not possible to construct a correct
three-dimensional image or four-dimensional image.

[0007] An example of the technique of creating and dis-
playing a four-dimensional image of an internal organ such as
a heart which is periodically moving is disclosed, for
example, in U.S. Pat. No. 5,159,941. In this technique, plural
frames of images at a predetermined time phase are acquired
and reconstructed while rotating or moving the probe in syn-
chronization with an ECG signal from a patient. Accordingly,
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it is possible to display a three-dimensional image at a pre-
determined time phase as if the heart is stationary.

[0008] Two-dimensional images may be continuously
acquired in synchronization with the ECG signal while
slowly rotating the MTEE probe at a constant velocity and a
three-dimensional image may be reconstructed using the
images at the same cardiac time phase out of the acquired
two-dimensional images. By performing this operation on the
cardiac time phases, it is possible to create a four-dimensional
image representing a state where the heart is moving in one
cardiac period. For example, as described in JP-A-2005-
74225 and U.S. Pat. No. 6,966,878, a technique of calculating
the cardiac period from an image instead of the ECG signal
was suggested.

[0009] However, when the above-mentioned technique is
applied to the creating and displaying of a four-dimensional
image using the MTEE probe, the following problems are
caused.

[0010] That is, in creating and displaying a four-dimen-
sional image using the MTEE probe, 1080 pieces of two-
dimensional images are actually required to obtain a clear
four-dimensional image. Accordingly, for example, a scan-
ning time of 36 seconds is required, when the number of
heartbeats is 60 beats/min, the number of frames of sectional
layer images to be scanned is 30 frames/sec, and the rotation
angle of the probe for each sectional layer image is 0.167°.
When the heart moves due to a patient’s breathing or the like
in the meantime, the strain of a heart shape, shown in FIG. 15,
is caused in the four-dimensional image.

[0011] This problem is caused by the assumption that a
cardiac wall or a valve has the same three-dimensional posi-
tion and shape at the same cardiac time phase.

[0012] This assumption is correct to a certain extent, when
no arrhythmia occurs and when the entire heart does not move
due to breathing. However, when no arrhythniia occurs but a
patient breathes, the entire heart moves and thus the above-
mentioned assumption is not established. Since a patient can-
not stop breathing for 36 seconds in a state where the patient
swallows an endoscope, this technique has a great problem.

BRIEF SUMMARY OF THE INVENTION

[0013] The invention is contrived in view of the above-
mentioned problem. An object of the invention is to provide
an ultrasonic diagnostic apparatus, an ultrasonic image pro-
cessing apparatus, and an ultrasonic image processing
method capable of removing a noise resulting from a body
motion due to breathing in acquiring plural two-dimensional
ultrasonic images while rotating an ultrasonic scanning plane
about an axis and reconstructing a three-dimensional image
using the acquired two-dimensional ultrasonic images.
[0014] According to another aspect of the present inven-
tion, there is provided that an ultrasonic diagnostic apparatus
which comprises: a multi-plane transesophageal echocardio-
graphy probe; an data acquisition unit which acquires ultra-
sonic image data of multi-plane corresponding to a plurality
of scan planes by using the multi-plane transesophageal
echocardiography probe; and a correction unit configured to
correct a positional mismatch among the multi-plane on the
basis of motion vectors of scanning planes scanned by the
multi-plane transesophageal echocardiography probe.
[0015] According to yet another aspect of the present
invention, there is provided that an ultrasonic image process-
ing apparatus which comprises: a memory unit configured to
store data of a plurality of frames of ultrasonic images, which
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are acquired by three-dimensionally scanning a diagnosis
target with ultrasonic waves while rotating a scanning plane
about a rotation axis, corresponding to a plurality of scanning
planes; and a correction unit configured to correct a positional
mismatch between the frames on the basis of data, corre-
sponding to the rotation axis, of the data of the plurality of
frames of ultrasonic images.

[0016] According to yet another aspect of the present
invention, there is provided that an ultrasonic image process-
ing apparatus which comprises: a store unit which stores
ultrasonic image data of multi-plane which is acquired by
using a multi-plane transesophageal echocardiography probe
and corresponds to a plurality of scan planes; and a correction
unit configured to correct a positional mismatch among the
multi-plane on the basis of motion vectors of scanning planes
scanned by the multi-plane transesophageal echocardio-
graphy probe.

[0017] According to yet another aspect of the present
invention, there is provided that an ultrasonic image process-
ing method which comprises: acquiring data of a plurality of
frames of ultrasonic images corresponding to a plurality of
scanning planes by three-dimensionally scanning a diagnosis
target with ultrasonic waves while rotating the scanning
planes about a rotation axis; and correcting a positional mis-
match between the frames on the basis of data, corresponding
to the rotation axis, of the data of the plurality of frames of
ultrasonic images.

[0018] According to another aspect of the present inven-
tion, there is provided that an ultrasonic image processing
method which comprises: acquiring ultrasonic image data of
multi-plane corresponding to a plurality of scan planes by
using a multi-plane transesophageal echocardiography
probe; and correcting a positional mismatch among the multi-
plane on the basis of motion vectors of scanning planes
scanned by the multi-plane transesophageal echocardio-
graphy probe.

BRIEF DESCRIPTION OF THE VIEWS OF THE
DRAWING

[0019] FIG.1is a block diagram illustrating the configura-
tion of an ultrasonic diagnostic apparatus according to an
embodiment of the invention.

[0020] FIGS. 2A and 2B are diagrams illustrating the con-
figuration of an ultrasonic probe 12.

[0021] FIG. 3 is a flowchart illustrating a flow of processes
in removing a noise resulting from a body motion.

[0022] FIG. 4 is a diagram illustrating details of three-
dimensional scanning using an MTEE.

[0023] FIGS. 5A, 5B, 5C, and 5D are diagrams illustrating
a process of extracting two-dimensional images at the same
cardiac time phase.

[0024] FIGS. 6A and 6B are diagrams illustrating the con-
cept of a motion vector calculating method.

[0025] FIG. 7 is a diagram illustrating the concept of the
motion vector calculating method.

[0026] FIG. 8 is a diagram illustrating the concept of the
motion vector calculating method.

[0027] FIG.9is a diagram illustrating a process of correct-
ing a motion of a scanning plane due to a body motion.
[0028] FIGS. 10A and 10B are diagrams illustrating the
process of correcting a motion of a scanning plane due to a
body motion.

[0029] FIGS. 11A and 11B are diagrams illustrating a pro-
cess of creating a three-dimensional image.
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[0030] FIG.12isaflowchartillustrating a flow of processes
in removing a noise resulting from a body motion according
to a second embodiment of the invention.

[0031] FIG. 13 is a diagram illustrating a motion vector
calculating process according to the second embodiment.
[0032] FIG. 14 is aflowchart illustrating a flow of processes
in removing a noise resulting from a body motion according
to a third embodiment of the invention.

[0033] FIG. 15 is a diagram illustrating a prior art.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Hereinafter, first to third embodiments of the inven-
tion will be described with reference to the accompanying
drawings. In the following description, elements having sub-
stantially like functions and configurations are referenced by
like reference numerals and signs and their descriptions are
omitted other than needed.

First Embodiment

[0035] FIG. 1is a block diagram illustrating the configura-
tion of an ultrasonic diagnostic apparatus according to a first
embodiment of the invention. As shown in the drawing, an
ultrasonic diagnostic apparatus 1 includes: an ultrasonic
probe 12; an input unit 13; a monitor 14; an ultrasonic wave
transmitting unit 21; an ultrasonic wave receiving unit 22; a
B-mode processing unit 23; a Doppler processing unit 24; an
image creating unit 25; an image memory 26; an image syn-
thesizing unit 27; a control processor (CPU) 28; an internal
storage unit 29; and an interface unit 30. Hereinafter, the
function of each element will be described. The ultrasonic
diagnostic apparatus 1 is connected to an ECG unit for mea-
suring an ECG signal (electrocardiographic signal) of a
sample.

[0036] The ultrasonic probe 12 generates ultrasonic waves
on the basis of a driving signal from the ultrasonic wave
transmitting unit 21, and includes plural piezoelectric vibra-
tors converting ultrasonic waves reflected from a sample into
electric signals, a matching layer disposed in the piezoelectric
vibrators, and a backing member and the like for preventing
the ultrasonic waves from being transmitted backwards from
the piezoelectric vibrators. When the ultrasonic waves are
transmitted from the ultrasonic probe 12 to a sample P, the
transmitted ultrasonic waves are sequentially reflected by
surfaces of a body tissue with discontinuous acoustic imped-
ance and are received by the ultrasonic probe 12 in the form of
echo signals. The amplitudes of the echo signals are depen-
dent on the difference in acoustic impedance between the
discontinuous surfaces. In addition, when the transmitted
ultrasonic pulses are reflected by a moving blood stream, the
surface of a cardiac wall, or the like, a frequency shift of the
echo signal occurs depending on velocity components of a
moving object in an ultrasonic wave transmitting direction by
the Doppler effect.

[0037] The ultrasonic probe 12 of the ultrasonic diagnostic
apparatus can rotate a scanning plane about a predetermined
axis. Typically, a two-dimensional array probe capable of
scanning a three-dimensional region with ultrasonic waves
under the electrical control using two-dimensional vibrators
two-dimensionally arranged or an MTEE probe can be
employed as the ultrasonic probe. Here, the MTEE probe
(multi-plane transesophageal echocardiography probe) is
used to observe a section at any angle by rotating one-dimen-



US 2010/0056918 Al

sional array vibrators and to observe the heart by inserting the
probe into a patient’s gullet, as shown in FIGS. 2A and 2B.

[0038] The inputunit 13 is connected to the apparatus body
11 and includes various switches and buttons, a track ball, a
mouse, a keyboard, and the like, which are used to allow an
operator to input various instructions, conditions, ROI (re-
gion of interest) setting instructions, image quality condition
setting instructions, and the like to the apparatus body 11. For
example, when the operator manipulates an end button or a
freeze button of the input unit 13, the ultrasonic wave trans-
mitting and receiving operations end and the ultrasonic diag-
nostic apparatus is changed to a pause state.

[0039] Themonitor 14 displays morphological information
(general B-mode image) inside a biological body, blood
stream information (an average-velocity image, a distribution
image, a power image, and the like), and combinations
thereof as an image on the basis of a video signal from the
image creating unit 25.

[0040] The ultrasonic wave transmitting unit 21 includes a
trigger generating circuit, a delay circuit, and a pulser circuit
and the like, which are not shown in the drawings. The pulser
circuit repeatedly generates rated pulses at a predetermined
rated frequency fr Hz (period; 1/fr second) so as to form the
transmitted ultrasonic waves. The delay circuit converges the
ultrasonic waves into a beam every channel and gives a delay
time required for determining the transmitting directivity to
the rated pulses. The trigger generating circuit applies a driv-
ing pulse to the probe 12 at a timing based on the rated pulse.

[0041] The ultrasonic wave transmitting unit 21 has a func-
tion of instantaneously changing a transmission frequency
and a transmission driving voltage so as to carry out a prede-
termined scanning sequence in accordance with an instruc-
tion of the control processor 28. Particularly, the changing of
the transmission driving voltage is carried out by a linear
amplifier type transmitting circuit capable of instantaneously
switching the value or a mechanism electrically switching
plural power supply units.

[0042] The ultrasonic wave receiving unit 22 includes an
amplifier circuit, an A/D converter, an adder and the like,
which are not shown in the drawings. The amplifier circuit
amplifies the echo signal input from the probe 12 for each
channel. The A/D converter gives a time required for deter-
mining the receiving directivity to the amplified echo signal,
and the amplified echo signal is subjected to an adding pro-
cess by the adder. By means of the adding process, a reflected
component in the direction corresponding to the receiving
directivity of the echo signal is emphasized, and a synthetic
beam for transmitting and receiving ultrasonic waves is
formed on the basis of the receiving directivity and the trans-
mitting directivity.

[0043] The B-mode processing unit 23 receives the echo
signal from the ultrasonic wave transmitting unit 21 and per-
forms a log amplifying process, an envelope detecting pro-
cess, and the like so as to create data in which the signal
strength is expressed by luminance. The data is transmitted to
the image creating unit 25 and is displayed as a B-mode
image, in which the strength of the reflected wave is
expressed by luminance, on the monitor 14.

[0044] The Doppler processing unit 24 frequency-analyzes
the velocity information on the basis of the echo signal trans-
mitted from the ultrasonic wave transmitting unit 21 and
extracts an echo component of a blood stream, a tissue, or a
contrast agent using the Doppler effect so as to obtain the
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blood stream information such as an average velocity, a dis-
tribution, and a power at plural points.

[0045] In general, the image creating unit 25 converts
(scan-converts) a scanning-line signal stream scanned with
ultrasonic waves into a scanning-line signal stream in the
general video format represented by television and creates an
ultrasonic diagnostic image as a display image. The image
creating unit 25 performs a process (process of removing a
noise resulting from a body motion) of a function of removing
a noise resulting from a body motion to be described later.
Data not inputted yet to the image creating unit 25 can be
referred to as “raw data”. A volume rendering processor may
have any configuration of CPU, GPU, DSP, ASIC, and the
like.

[0046] The image memory (cine memory) 26 is a memory
configured to store ultrasonic images corresponding to plural
frames, for example, just before being frozen.

[0047] Tt is also possible to display an ultrasonic video
image by continuously displaying (cine-displaying) the
images stored in the image memory 26.

[0048] The image synthesizing unit 27 synthesizes the
image received from the image creating unit 25 with texts or
scales of various parameters and outputs the resultant image
as a video signal to the monitor 14.

[0049] The control processor 28 has a function of an infor-
mation processing device (computer) and controls the opera-
tions of the ultrasonic diagnostic apparatus body. The control
processor 28 reads out an exclusive program for realizing the
function of removing a noise resulting from a body motion
and a control program for performing the creation and display
of a predetermined image from the internal storage unit 29,
and loads the programs in its memory so as to make calcula-
tion control and the like of various processes. The ECG signal
from the ECG unit 2 is input to the control processor 28 via the
interface unit 30. The control processor 28 determines to what
cardiac time phase each frame obtained by the ultrasonic
scanning corresponds on the basis of the input ECG signal.
[0050] The internal storage unit 29 stores a predetermined
scanning sequence, an exclusive program for performing the
function of removing a noise resulting from a body motion
according to the embodiments, a control program for per-
forming the creating and displaying of an image, diagnostic
information (patient ID, doctor’s opinion, and the like), a
diagnostic protocol, transmitting and receiving conditions,
and a CFAR processing and controlling program, a body
mark creating program, and other data groups. If necessary,
the internal storage unit 29 is also used to store images in the
image memory 26. The data in the internal storage unit 29 can
be transmitted to an external peripheral device via the inter-
face unit 30.

[0051] The interface unit 30 is an interface with the input
unit 13, a network, and a new external storage device (not
shown). The data such as the ultrasonic image, the analysis
result, or the like, obtained by the apparatus can be transmit-
ted to other devices via the network by the interface unit 30.
Function of Removing Noise Resulting from Body Motion
[0052] The function of removing a noise resulting from a
body motion in the ultrasonic diagnostic apparatus 1 will be
described now. This function serves to provide an ultrasonic
image with high image quality by removing a noise or strain
resulting from a body motion due to breathing, or the like,
when scanning a three-dimensional region while rotating an
ultrasonic scanning plane about a predetermined axis. This
function may be applied to an ultrasonic image processing
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apparatus which is embodied by installing an exclusive pro-
gram, for example, in a work station or a personal computer.

[0053] In this embodiment, for the purpose of specific
explanation, it is assumed that the diagnosis target is a heart
and the three-dimensional region thereof is canned with the
MTEE probe while rotating the ultrasonic scanning plane.
However, the technical spirit of the invention is not limited to
the heart, but may be applied to a case, for example, where the
diagnosis target is an abdominal region such as the liver. In
this embodiment, a slight variation in the heartbeat period is
permitted but a great variation in the heartbeat period like
arrhythmia is excluded.

[0054] FIG. 3 is a flowchart illustrating a flow of processes
corresponding to the function of removing a noise resulting
from the body motion (the process of removing a noise result-
ing from the body motion). The processing details of the steps
will be described now. Three-dimensional Scanning using
MTEE and Creation of Two-dimensional Image: Steps S1
and S2

[0055] First, a three-dimensional scanning operation is car-
ried out in the range of 180° under the control of the control
processor 28 using an ECG signal as a trigger while rotating
plural ultrasonic vibrators of the ultrasonic probe 12 (MTEE
probe) about the rotation axis for each scanning (while chang-
ing the rotation angle), whereby echo signals (here, the echo
signals corresponding to 16 frames, for example, as shown in
FIG. 4) corresponding to plural frames over plural heartbeats
are acquired (step S1). In this scanning, the signal temporally
and spatially varies every frame. Information (cardiac time
phase information) representing the cardiac time phases cor-
responding to the frames is acquired on the basis of the ECG
signal by the control processor 28 and is automatically stored,
for example, in the internal storage unit 29.

[0056] Plural frames of echo signals acquired by the scan-
ning are sent to the B-mode processing unit 23 via the ultra-
sonic wave receiving unit 22 for each frame. The B-mode
processing unit 23 creates B-mode image data of each frame.

[0057] The image creating unit 25 creates a two-dimen-
sional image of each frame on the basis of the B-mode image
data of each frame (step S2).

Extraction of Two-Dimensional Image at the Same Cardiac
Time Phase Step S3

[0058] The image creating unit 25 extracts the two-dimen-
sional images at the same cardiac time phase (with the same
cardiac period) using the cardiac time phase information and
acquires plural two-dimensional images with three-dimen-
sionally different positions (spatially different positions) at
the time phases (step S3).

[0059] FIGS. 5A, 5B, 5C, and 5D are diagrams illustrating
the process of step S3. That is, out of 16 acquired two-
dimensional images shown in FIG. 4, FIG. 5A shows that
two-dimensional images 1, 5, 9, and 13 at the first cardiac
time phase corresponding to the detection of R wave are
extracted, FIG. 5B shows that two-dimensional images 2, 6,
10, and 14 at the second cardiac time phase corresponding to
the detection of R wave are extracted, FIG. 5C shows that
two-dimensional images 3, 7, 11, and 15 at the third cardiac
time phase corresponding to the detection of R wave are
extracted, and FIG. 5D shows that two-dimensional images 4,
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8, 12, and 16 at the four cardiac time phase corresponding to
the detection of R wave are extracted.

Calculation of Motion Vector: Step S4

[0060] Theimage creating unit 25 calculates a motion vec-
tor of each frame (each scanning plane) (step S4). The method
of calculating a motion vector is as follows.

[0061] FIGS. 6A and 6B and FIG. 7 are diagrams illustrat-
ing the concept of the method of calculating a motion vector.
As shown in FIGS. 6A and 6B, the center axes of the data of
the frames in volumes at the same cardiac time phase pass
through the same lines. Therefore, the data in the center axes
of the frames will have the same value when there is no body
motion due to breathing, or the like. As shown in FIG. 7, when
actual images in the center axes of the frames are arranged
(where the horizontal axis represents the frame number (rota-
tion direction=Z7 direction) and the vertical axis represents the
distance direction (X direction)), it can be seen that the
images are changed due to breathing about every four sec-
onds.

[0062] In order to correct this motion, the image creating
unit 25 determines a reference frame k (for example, #1
frame), calculates correlation coefficients by shifting the ref-
erence frame in the X, Y, and Z directions from the center axis
of the k-th frame and the center axis of the n-th frame (for
example, frames of #5, #9, and #13), and sets the position (Ax,
Ay, Az) having the maximum as a motion vector. At this time,
as shown in FIG. 8, it is preferable that the line is divided in
the X direction into blocks and the process is performed on
each block (where the ninth time phase is exemplified in FIG.
8). It is preferable that a frame having no variation in motion
is selected as the reference frame k. The position having the
minimum sum of absolute differences or the minimum sum of
squared differences may be used instead of the correlation
coefficient.

Motion Correcting Process: Step S5

[0063] The image creating unit 25 calculates the motion
vector of the entire frame from the motion vectors of the
blocks of every frame and corrects the motions of each frame
using the motion vector (step S5).

[0064] It can be seen from the motion vectors of the blocks
where the center positions of the blocks are displaced.
Accordingly, the image creating unit 25 calculates the posi-
tions of the observed sectional surface when there is no
motion (accurately, in the state of the reference frame) on the
basis of the plural motion vectors corresponding to the blocks
of'each frame. That is, the image creating unit 25 calculates (6
in total) parameters of parallel shift and rotation angle about
X, y, and z axes, which are expressed by Expression 1, using
the least square method on the basis of the plural motion
vectors corresponding to the blocks of each frame.

x cosf, —sinf, 0Y) cosf, 0O sinf,
¥i | =| sinf, cosf, 0 0 1 0

0 0 1

Expression 1

—sinf, 0 cosf,

1 0 0 Xy Xo
0 cosf, —sind, || yi [+ yo
0 sind, cosf N zy 20

21
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Here,
[0065]

represents the position having the maximum correlation coef-
ficient, 8,, 6, and 6, represent the rotation angles, and X, yo,
and z, represent the distances of the parallel shift.

[0066] Then, the image creating unit 25 performs the
motion correcting process by shifting the positions of the
points in the observed sectional surface, as shown in FIG. 9,
by the use of Expression 1 where the parameters are deter-
mined for each frame, so that the observed sectional surface
shown in FIG. 10A is located at the position (corresponding to
the reference frame) shown in FIG. 10B when it is assumed
that there is no body motion.

[0067] In this embodiment, it is assumed that no strain
exists and that the motion is limited to the parallel shift and the
rotation. At least two motion vectors are required to calculate
the parameters of Expression 1. However, in this embodi-
ment, it is assumed that the parameters are estimated from the
plural motion vectors by the use of the least square method in
order to enhance the precision.

Creation of Three-Dimensional Image: Step S6

[0068] The image creating unit 25 performs the volume
rendering on the basis of the new sectional position acquired
in the motion correcting process of step S5 to create a three-
dimensional image (step S6). At this time, the three-dimen-
sional coordinate transformation is complex, because the sec-
tional planes are not regularly arranged. However, the three-
dimensional coordinate transformation is possible by
dividing the spatial positions before the coordinate transfor-
mation formed by two adjacent frames, as shownin FIG. 11A,
and the positions in the three-dimensional space as shown in
FIG. 11B into plural polygons.

Image Display: Step S7

[0069] The image synthesizing unit 27 synthesizes the
images received from the image creating unit 25 along with
the character or scale information of various parameters.
Then, the control processor 28 controls the display unit 14 to
display the three-dimensional image synthesized with the
character information, and the like, in a predetermined form.

Advantage

[0070] According to the above-mentioned configuration,
the following advantages can be obtained.

[0071] In the ultrasonic diagnostic apparatus according to
this embodiment, when a three-dimensional region is canned
while rotating the scanning plane about a predetermined axis

Mar. 4, 2010

(rotation axis), the motion vector of the motion scanning
plane (ultrasonic sectional layer) is calculated using the ultra-
sonic image data in the rotation axis and the positional mis-
match between the scanning planes is corrected using the
motion vector. Therefore, even when a body motion due to
breathing, or the like, occurs in the course of the ultrasonic
scanning, it is possible to remove the influence of the body
motion on the image and thus to provide a high-quality image
without any strain. As a result, when an image of a heart, or
the like, is four-dimensionally displayed, it is possible to
provide a high-reliability image at relatively low cost without
imposing a burden on a patient or an operator.

Second Embodiment

[0072] A second embodiment of the invention will be
described now. In order to enhance the resolution in the rota-
tion direction (Z direction), an ultrasonic diagnostic appara-
tus 1 according to this embodiment also uses the frames
corresponding to sectional surfaces, which are temporally
close (that is, of which the cardiac time phase is close) and
spatially close, to correct the motion in addition to the frames
corresponding to the sectional surfaces having the same car-
diac time phase.

[0073] A process of removing noises corresponding to the
sectional surfaces according to this embodiment will be
described now.

[0074] FIG. 12 is a flowchart illustrating a flow of the
process of removing a noise resulting from a body motion
according to this embodiment. The drawing is different from
FIG. 3 only in step S4' and is substantially equal in the details
ofthe other steps. Only the different details will be described.

Calculation of Motion Vector: Step S4'

[0075] The image creating unit 25 calculates the motion
vector of each frame using the frames having the same cardiac
time phase and the frames having a close cardiac time phase
(step S4").

[0076] Thatis, in FIG. 13, for example, when the motion of
sectional surface S having the first cardiac time phase (includ-
ing sectional surfaces of #1, #5, #9, and #13 (see FIG. 5)) is
corrected, at least one sectional surface (for example, #4, #6,
and the like) having a cardiac time phase different but close is
also used to calculate the motion vector of sectional surface 5,
in addition to the frames of #1, #5, #9, and #13 having the
same cardiac time phase. The specific calculation method is
the same as the first embodiment.

[0077] According to the above-mentioned configuration, at
the time of calculating a motion vector, at least one frame
having a cardiac time phase close to the frame of which the
motion should be corrected and being spatially close thereto
in addition to the frames having the same cardiac time phase
as the frame of which the motion should be corrected is used
to calculate the motion vector, whereby the positional mis-
match between the sectional surfaces is corrected. Therefore,
it is possible to improve the resolution in the rotation direc-
tion, thereby more effectively correcting the motion.

Third Embodiment

[0078] A third embodiment of the invention will be
described now. In an ultrasonic diagnostic apparatus 1
according to this embodiment, for example, a diagnosis target
is a site such as the liver not having a periodic motion and thus
the ECG signal is not required.
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[0079] FIG. 14 is a diagram illustrating the process of
removing a noise resulting from a body motion according to
this embodiment. In this embodiment, the diagnosis target
does not voluntarily move. Therefore, as shown in FIG. 14,
the data in the rotation axes of all the sectional surfaces (that
is, the sectional surfaces of #1 to #16) will be equal to each
other when there is no body motion due to breathing, or the
like. Accordingly, the ultrasonic diagnostic apparatus 1
according to this embodiment uses the data in the rotation
axes of all the sectional surfaces when the motion vectors of
the frames are calculated.

[0080] According to this configuration, it is possible to
further improve the resolution in the rotation direction,
thereby more effectively correcting the motion.

[0081] The invention is not limited to the above-mentioned
embodiments, but the elements may be modified and embod-
ied without departing from the spirit and scope of the inven-
tion at the time of putting the invention into practice. Specific
modified examples are as follows.

[0082] (1) The functions according to the embodiments can
be embodied by installing programs for carrying out the func-
tions in a computer such as a work station and loading the
programs into the memory. At this time, the programs allow-
ing the computer to perform the methods may be recorded in
a recording medium such as a magnetic disk (such as a floppy
(registered trademark) disk and a hard disk), an optical disk
(such as a CD-ROM and a DVD), and a semiconductor
memory and may be then distributed.

[0083] (2) In the above-mentioned embodiments, the
motion is defined by the constant parallel shift and rotation
angle of a sectional surface, but the sectional surface may be
divided into plural blocks and the parallel shift and the rota-
tion may be made every block. It is possible to consider the
strain.

[0084] (3) In the above-mentioned embodiments, the
B-mode image data as raw data are transformed into two-
dimensional coordinates, are subjected to the motion vector
calculating process and the motion correcting process, and
are then subjected to the three-dimensional coordinate trans-
formation (creation of a three-dimensional image). On the
contrary, without performing the two-dimensional coordinate
transformation, the B-mode image data as the raw data are
subjected to the motion vector calculating process and the
motion correcting process and are then subjected to the three-
dimensional coordinate transformation.

[0085] The invention may be modified in various forms by
properly combining plural elements provided in the above-
mentioned embodiments. For example, several elements may
be deleted from all the elements of one embodiment. The
elements of different embodiments may be properly com-
bined.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic image data acquiring unit configured to three-
dimensionally scan a diagnosis target with ultrasonic
waves while rotating a scanning plane about a rotation
axis and to acquire data of a plurality of frames of ultra-
sonic images corresponding to a plurality of scanning
planes;

a correction unit configured to correct a positional mis-
match between the frames on the basis of data, corre-
sponding to the rotation axis, of the data of the plurality
of frames of ultrasonic images; and

Mar. 4, 2010

an image creating unit configured to create a three-dimen-
sional image using the data of the plurality of frames of
ultrasonic images of which the positional mismatch is
corrected.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the diagnosis target is a heart, and

wherein the correction unit calculates a motion vector of

each frame on the basis of the data, corresponding to the
rotation axis, of the ultrasonic image data at the same
cardiac time phase as the frame to be corrected out of the
data ofthe plurality of ultrasonic images and corrects the
positional mismatch between the frames using the
motion vectors.

3. The ultrasonic diagnostic apparatus according to claim
1, wherein the diagnosis target is a heart, and

wherein the correction unit calculates a motion vector of

each frame on the basis of the data, corresponding to the
rotation axis, of the ultrasonic image data at the same
cardiac time phase as the frame to be corrected and the
data, corresponding to the rotation axis, of the ultrasonic
image data corresponding to at least one frame tempo-
rally and spatially close to the frame to be corrected out
of the data of the plurality of ultrasonic images and
corrects the positional mismatch between the frames
using the motion vectors.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein the diagnosis target is an internal organ other than
a heart, and

wherein the correction unit calculates motion vectors using

the data, corresponding to the rotation axis, of the frame
to be corrected and the data, corresponding to the rota-
tion axis, of the frames other than the frame to be cor-
rected and corrects the positional mismatch between the
frames using the motion vectors.

5. The ultrasonic diagnostic apparatus according to claim
2, wherein the correction unit divides each ultrasonic image
data into a plurality of blocks, calculates a motion vector of
each block of each frame, calculates a motion vector of each
frame using the motion vectors of the blocks, and corrects the
positional mismatch between the frames using the calculated
motion vector.

6. The ultrasonic diagnostic apparatus according to claim
3, wherein the correction unit divides each ultrasonic image
data into a plurality of blocks, calculates a motion vector of
each block of each frame, calculates a motion vector of each
frame using the motion vectors of the blocks, and corrects the
positional mismatch between the frames using the calculated
motion vector.

7. The ultrasonic diagnostic apparatus according to claim
4, wherein the correction unit divides each ultrasonic image
data into a plurality of blocks, calculates a motion vector of
each block of each frame, calculates a motion vector of each
frame using the motion vectors of the blocks, and corrects the
positional mismatch between the frames using the calculated
motion vector.

8. The ultrasonic diagnostic apparatus according to claim
2, wherein the correction unit divides each ultrasonic image
data into a plurality of blocks, calculates a motion vector of
each block of each frame, and corrects the positional mis-
match between the frames by correcting the positional mis-
match between the blocks of the frames using the motion
vectors of the blocks.

9. The ultrasonic diagnostic apparatus according to claim
3, wherein the correction unit divides each ultrasonic image
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data into a plurality of blocks, calculates a motion vector of
each block of each frame, and corrects the positional mis-
match between the frames by correcting the positional mis-
match between the blocks of the frames using the motion
vectors of the blocks.

10. The ultrasonic diagnostic apparatus according to claim
4, wherein the correction unit divides each ultrasonic image
data into a plurality of blocks, calculates a motion vector of
each block of each frame, and corrects the positional mis-
match between the frames by correcting the positional mis-
match between the blocks of the frames using the motion
vectors of the blocks.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the correction unit calculates motion vectors after
converting the data of the plurality of ultrasonic images into
two-dimensional coordinates.

12. An ultrasonic diagnostic apparatus comprising:

a multi-plane transesophageal echocardiography probe;

an data acquisition unit which acquires ultrasonic image

data of multi-plane corresponding to a plurality of scan
planes by using the multi-plane transesophageal
echocardiography probe; and

a correction unit configured to correct a positional mis-

match among the multi-plane on the basis of motion
vectors of scanning planes scanned by the multi-plane
transesophageal echocardiography probe.

13. An ultrasonic image processing apparatus comprising:

a memory unit configured to store data of a plurality of

frames of ultrasonic images, which are acquired by
three-dimensionally scanning a diagnosis target with
ultrasonic waves while rotating a scanning plane about a
rotation axis, corresponding to a plurality of scanning
planes; and

a correction unit configured to correct a positional mis-

match between the frames on the basis of data, corre-
sponding to the rotation axis, of the data of the plurality
of frames of ultrasonic images.

14. The ultrasonic image processing apparatus according
to claim 13, wherein the diagnosis target is a heart, and

wherein the correction unit calculates a motion vector of

each frame on the basis of the data, corresponding to the
rotation axis, of the ultrasonic image data at the same
cardiac time phase as the frame to be corrected out of the
data of the plurality of ultrasonic images and corrects the
positional mismatch between the frames using the
motion vectors.

15. The ultrasonic image processing apparatus according
to claim 13, wherein the diagnosis target is a heart, and

wherein the correction unit calculates a motion vector of

each frame on the basis of the data, corresponding to the
rotation axis, of the ultrasonic image data at the same
cardiac time phase as the frame to be corrected and the
data, corresponding to the rotation axis, of the ultrasonic
image data corresponding to at least one frame tempo-
rally and spatially close to the frame to be corrected out
of the data of the plurality of ultrasonic images and
corrects the positional mismatch between the frames
using the motion vectors.

16. The ultrasonic image processing apparatus according
to claim 13, wherein the diagnosis target is an internal organ
other than a heart, and

wherein the correction unit calculates motion vectors using

the data, corresponding to the rotation axis, of the frame
to be corrected and the data, corresponding to the rota-
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tion axis, of the frames other than the frame to be cor-
rected and corrects the positional mismatch between the
frames using the motion vectors.

17. The ultrasonic image processing apparatus according
to claim 14, wherein the correction unit divides each ultra-
sonic image data into a plurality of blocks, calculates a
motion vector of each block of each frame, calculates a
motion vector of each frame using the motion vectors of the
blocks, and corrects the positional mismatch between the
frames using the calculated motion vector.

18. The ultrasonic image processing apparatus according
to claim 15, wherein the correction unit divides each ultra-
sonic image data into a plurality of blocks, calculates a
motion vector of each block of each frame, calculates a
motion vector of each frame using the motion vectors of the
blocks, and corrects the positional mismatch between the
frames using the calculated motion vector.

19. The ultrasonic image processing apparatus according
to claim 16, wherein the correction unit divides each ultra-
sonic image data into a plurality of blocks, calculates a
motion vector of each block of each frame, calculates a
motion vector of each frame using the motion vectors of the
blocks, and corrects the positional mismatch between the
frames using the calculated motion vector.

20. The ultrasonic image processing apparatus according
to claim 14, wherein the correction unit divides each ultra-
sonic image data into a plurality of blocks, calculates a
motion vector of each block of each frame, and corrects the
positional mismatch between the frames by correcting the
positional mismatch between the blocks of the frames using
the motion vectors of the blocks.

21. The ultrasonic image processing apparatus according
to claim 15, wherein the correction unit divides each ultra-
sonic image data into a plurality of blocks, calculates a
motion vector of each block of each frame, and corrects the
positional mismatch between the frames by correcting the
positional mismatch between the blocks of the frames using
the motion vectors of the blocks.

22. The ultrasonic image processing apparatus according
to claim 16, wherein the correction unit divides each ultra-
sonic image data into a plurality of blocks, calculates a
motion vector of each block of each frame, and corrects the
positional mismatch between the frames by correcting the
positional mismatch between the blocks of the frames using
the motion vectors of the blocks.

23. The ultrasonic image processing apparatus according
to claim 13, wherein the correction unit calculates motion
vectors after converting the data of the plurality of ultrasonic
images into two-dimensional coordinates.

24. An ultrasonic image processing apparatus comprising:

a store unit which stores ultrasonic image data of multi-

plane which is acquired by using a multi-plane transe-
sophageal echocardiography probe and corresponds to a
plurality of scan planes; and

a correction unit configured to correct a positional mis-

match among the multi-plane on the basis of motion
vectors of scanning planes scanned by the multi-plane
transesophageal echocardiography probe.
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25. An ultrasonic image processing method comprising:

acquiring data of a plurality of frames of ultrasonic images
corresponding to a plurality of scanning planes by three-
dimensionally scanning a diagnosis target with ultra-
sonic waves while rotating the scanning planes about a
rotation axis; and

correcting a positional mismatch between the frames on

the basis of data, corresponding to the rotation axis, of
the data of the plurality of frames of ultrasonic images.
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26. An ultrasonic image processing method comprising:

acquiring ultrasonic image data of multi-plane correspond-
ing to a plurality of scan planes by using a multi-plane
transesophageal echocardiography probe; and

correcting a positional mismatch among the multi-plane on
the basis of motion vectors of scanning planes scanned
by the multi-plane transesophageal echocardiography
probe.
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