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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.
2007-117314, filed Apr. 26, 2007, 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 an ultrasonic image
processing apparatus and the like which can dynamically
track a target locomotive tissue by using, for example, MPR
images typified by C-mode tomograms in accordance with
the motion of the tissue, and display, in a predetermined form,
the motion information of the tissue computed by using the
tracking result.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnosis technique can display, in
real time, how a heart beats or a fetus moves, with simple
operation of bringing an ultrasonic probe into contact with the
body surface. In addition, this technique offers a high level of
safety, and hence can be repeatedly used for examination.
Furthermore, the system size is smaller than those of other
diagnosis apparatuses such as X-ray, CT, and MRI appara-
tuses. Therefore, this apparatus allows easy examination
upon being moved to a bed side. That is, the apparatus is a
convenient diagnosis technique. Ultrasonic diagnosis appa-
ratuses used in such ultrasonic diagnosis vary depending on
the types of functions which they have. Some of compact
apparatuses which can be carried with one hand have been
developed. Ultrasonic diagnosis is free from the influence of
radiation exposure such as X-ray exposure, and hence can be
used in obstetric treatment, treatment at home, and the like.
[0006] Tt is very important for tissue diagnosis to objec-
tively and quantitatively evaluate the function of a living
tissue such as myocardial by using such an ultrasonic diag-
nosis apparatus. For example, as disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2003-175041, there has recently
been available, as a quantitative evaluation method for the
heart, a technique of calculating local myocardial wall motion
information such as displacement or strain while performing
local pattern matching in images. Likewise, as disclosed in
Jpn. Pat. Appln. KOKAT Publication No. 2003-175041, there
is available a technique of accurately computing the three-
dimensional distribution of myocardial wall motion informa-
tion by using an ultrasonic diagnosis apparatus capable of
acquiring three-dimensional images. These techniques allow
to acquire three-dimensional myocardial wall motion infor-
mation and quantitatively evaluate the function of a tissue.
[0007] In addition, there has recently been developed a
technique of more specifically analyzing acquired three-di-
mensional motion information and displaying the resultant
information in a predetermined form. For example, there is
available a technique of calculating local myocardial wall
motion information with respect to an arbitrary slice (MPR)
image of dimensional data. In addition, as disclosed in Philips
“iSlice View” QLAB’s 3DQ Advanced plug-in features: Pro-
vides 9 equally-spaced MPR short axis views between the LV
mitral annulus and apex (http://www.medical.philips.com/
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main/products/ultrasoud/general/qlab/features/3dq_ad-
vanced/index.html), a technique of acquiring transverse slice
(C-mode) images of a left ventricle at a plurality of positions
(e.g., nine positions) and displaying them side by side has
been put into practice.

[0008] The following problems arise in the conventional
method of analyzing three-dimensional motion information.
[0009] A conventional apparatus analyzes three-dimen-
sional motion information by using MPR images at a tempo-
rally constant position (e.g., a plane whose position does not
change with time). On the other hand, the myocardial gener-
ally moves while deforming in a complex manner. For this
reason, the conventional technique cannot implement chro-
nological observation of locally the same region (tissue). For
example, the heart shortens in the long axis direction. If a
constant slice is continuously observed by the conventional
technique using C-mode images as short-axis images, pieces
of different information in the long axis direction are sequen-
tially replaced with each other with time.

[0010] In addition, the conventional apparatus displays
nine C-mode images to cover an entire three-dimensional
area as an observation target. As a result, the number of
images to be observed becomes large, and hence it is difficult
for an observer to simultaneously grasp all images. Further-
more, since a display range is generally limited, the display
size per image decreases. This makes it difficult to observe a
fine abnormal region.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention has been made in consider-
ation of the above situation, and has as its object to provide an
ultrasonic image processing apparatus and ultrasonic image
processing method which can accurately and quickly acquire
three-dimensional motion information concerning the same
region of a moving diagnosis target.

[0012] According to an aspect of the present invention,
there is provided an ultrasonic image processing apparatus
comprising a storage unit which stores volume data acquired
for each time phase concerning periodic motion of an object
to be examined which periodically moves by scanning the
object with ultrasonic waves, a setting unit which sets an
arbitrary slice in volume data corresponds to a predetermined
time phase, a tracking unit which sets a plane corresponding
to the arbitrary slice in said each volume data corresponding
to remaining time phases concerning the periodic motion by
executing tracking processing of tracking a temporal change
in a position of the arbitrary slice in the predetermined time
phase, an image generating unit which generates a first ultra-
sonic image in said each time phase on the basis of data
corresponding to the plane corresponding to the arbitrary
slice in said each time phase, a display unit which displays the
first ultrasonic image for each time phase.

[0013] According to another aspect of the present inven-
tion, there is provided an ultrasonic image processing appa-
ratus comprising a storage unit which stores volume data
acquired in each time phase of a heart by scanning the heart
with ultrasonic waves, a computing unit which computes a
local movement information of the heart in each time phase
by using the volume data, a setting unit which sets an arbitrary
slice in volume data, an image generating unit which gener-
ates a first ultrasonic image in each time phase on the basis of
tissue structure data corresponding to the arbitrary slice and a
second ultrasonic image in each time phase by projecting the
local movement information of the heart onthe first ultrasonic
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image, and a display unit which displays the second ultra-
sonic image in each time phase.

[0014] According to yet another aspect of the present
invention, there is provided an ultrasonic image processing
method comprising setting an arbitrary slice in volume data
corresponds to a predetermined time phase, the volume data
being acquired for each time phase concerning periodic
motion of an object to be examined which periodically moves
by scanning the object with ultrasonic waves, setting a plane
corresponding to the arbitrary slice in said each volume data
corresponding to remaining time phases concerning the peri-
odic motion by executing tracking processing of tracking a
temporal change in a position of the arbitrary slice in the
predetermined time phase, generating a first ultrasonic image
in said each time phase on the basis of data corresponding to
the plane corresponding to the arbitrary slice in said each time
phase, displaying the first ultrasonic image for each time
phase.

[0015] According to yet another aspect of the present
invention, there is provided an ultrasonic image processing
method comprising computing a local movement information
of the heart in each time phase by using the volume data
acquired in each time phase of a heart by scanning the heart
with ultrasonic waves, setting an arbitrary slice in volume
data, generating a first ultrasonic image in each time phase on
the basis of tissue structure data corresponding to the arbi-
trary slice and a second ultrasonic image in each time phase
by projecting the local movement information of the heart on
the first ultrasonic image, displaying the second ultrasonic
image in each time phase.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0016] FIG.1isablockdiagram forexplaining the arrange-
ment of an ultrasonic diagnosis apparatus according to the
first embodiment;

[0017] FIG.2is aflowchart showing a sequence of process-
ing (arbitrary slice tracking processing) based on an arbitrary
slice tracking function according to the first embodiment;
[0018] FIG. 3 is a view for explaining the acquisition of
volume data concerning each cardiac phase in arbitrary slice
tracking processing;

[0019] FIG.4is aflowchart showing a sequence of arbitrary
slice tracking processing in step S3 in FIG. 2;

[0020] FIG. 5is a view for explaining a tracking method
according to Example 1;

[0021] FIG. 6 is a view for explaining a tracking method
according to Example 2;

[0022] FIG. 7 is a view for explaining a tracking method
according to Example 3,

[0023] FIG.8isa view for explaining image reconstruction
when the tracking method according to Example 3 is used;
[0024] FIG.9is a view showing an example of the display
form of motion information obtained by tracking processing
according to the first embodiment;

[0025] FIG. 10 is a view showing an example of a tracking
method according to Example 3 in which the motion infor-
mation obtained by tracking processing according to the first
embodiment is displayed by three-dimensional surface ren-
dering;

[0026] FIG. 11 is a flowchart showing a sequence of arbi-
trary slice tracking processing according to the second
embodiment;
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[0027] FIG. 12 is a view showing an example of the display
form of motion information obtained by tracking processing
according to the second embodiment;

[0028] FIG. 13 is a view showing a case in which the
motion information obtained by tracking processing accord-
ing to the second embodiment is displayed by three-dimen-
sional surface rendering;

[0029] FIG. 14 is a flowchart showing a sequence of arbi-
trary slice tracking processing according to the third embodi-
ment;

[0030] FIG. 15 is a view showing an example of the display
form of motion information obtained by tracking processing
according to the third embodiment;

[0031] FIG. 16 is a flowchart showing a sequence of arbi-
trary slice tracking processing according to the fourth
embodiment;

[0032] FIG. 17 is aview showing an example of the display
form of motion information obtained by tracking processing
according to the fourth embodiment;

[0033] FIG. 18 is a view showing a modification of the
display form of motion information obtained by tracking
processing according to each embodiment;

[0034] FIG. 19 is a view for explaining the projection of
myocardial wall motion information in the wall thickness
direction on a C-mode plane;

[0035] FIG. 20 is a view showing an example of the display
form of a superimposed image obtained by projecting myo-
cardial wall motion information in the wall thickness direc-
tion on a C-mode image; and

[0036] FIG. 21 is a view showing another example of the
display form of a superimposed image obtained by projecting
myocardial wall motion information in the wall thickness
direction on a C-mode image.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The first to third embodiments of the present inven-
tion will be described below with reference to the views of the
accompanying drawing. Note that the same reference numer-
als denote constituent elements having substantially the same
functions and arrangements in the following description, and
a repetitive description will be made only when required.

First Embodiment

[0038] FIG. 1is a block diagram showing the arrangement
of an ultrasonic diagnosis apparatus 1 according to the first
embodiment. The ultrasonic diagnosis apparatus 1 comprises
anultrasonic probe 11, a transmission unit 13, a reception unit
15, a B-mode processing unit 17, a movement vector process-
ing unit 19, an image generating unit 21, a display unit 23, a
control unit (CPU) 31, a tracking processing unit 33, a volume
data generating unit 35, a motion information computing unit
37, a storage unit 39, an operation unit 41, and a transmission/
reception unit 43. Note that when the present invention is
applied to an ultrasonic image processing apparatus, the con-
stituent elements of the apparatus are those enclosed by the
dotted line in FIG. 1.

[0039] The ultrasonic probe 11 includes a plurality of
piezoelectric transducers which generate ultrasonic waves on
the basis of driving signals from the transmission unit 12 and
convert reflected waves from an object to be examined into
electrical signals, a matching layer provided for the piezo-
electric transducers, a backing member which prevents ultra-
sonic waves from propagating backward from the piezoelec-
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tric transducers, and the like. When an ultrasonic wave is
transmitted from the ultrasonic probe 11 to the object, various
harmonic components are generated due to the nonlinearity
of aliving tissue upon propagation of ultrasonic waves. Fun-
damental waves and harmonic components constituting
transmission ultrasonic waves are scattered backward by
acoustic impedance boundaries of a tissue in a living body,
micro-scattering, and the like, and are received as reflected
waves (echoes) by the ultrasonic probe 11.

[0040] The transmission unit 13 includes a delay circuit, a
pulser circuit, and the like (none are shown). The pulser
circuit repetitively generates rate pulses for the formation of
transmission ultrasonic waves at a predetermined rate fre-
quency fr Hz (period: 1/fr sec). The delay circuit gives each
rate pulse a delay time necessary to focus an ultrasonic wave
into a beam and determine transmission directivity for each
channel. The transmission unit 12 applies a driving pulse to
each transducer so as to form an ultrasonic beam toward a
predetermined scanning line at the timing based on this rate
pulse.

[0041] The reception unit 15 includes an amplifier circuit,
an A/D converter, an adder, and the like (none are shown). The
amplifier circuit amplifies an echo signal received via the
probe 11 for each channel. The A/D converter gives the ampli-
fied echo signals delay times necessary to determine recep-
tion directivities. The adder then performs addition process-
ing for the signals. With this addition, an ultrasonic echo
signal corresponding to a predetermined scanning line is gen-
erated.

[0042] The B-mode processing unit 17 performs envelope
detection processing for the ultrasonic echo signal received
from the reception unit 15 to generate a B-mode signal cor-
responding to the amplitude intensity of the ultrasonic echo.
[0043] The movement vector processing unit 19 detects a
tissue position by using pattern matching processing between
two frames with different time phases and obtains the moving
amount (or the velocity) of each tissue based on this moving
position. More specifically, with regard to an area of interest
on one frame, a corresponding area on the other frame which
exhibits the highest similarity is obtained. The distance
between the area of interest and the corresponding area allows
to obtain the moving amount of the tissue. In addition, divid-
ing this moving amount by the time difference between the
frames makes it possible to obtain the moving velocity of the
tissue. Performing this processing frame by frame at each
position on each frame can acquire the spatiotemporal distri-
bution data concerning the displacement (movement vector)
of each local tissue.

[0044] The image generating unit 21 generates a B-mode
ultrasonic image representing a dimensional distribution
associated with a predetermined slice of a B-mode signal. The
image generating unit 21 generates a B-mode ultrasonic
image, an image associated with the motion information of a
tissue, and a superimposed image including the B-mode ultra-
sonic image and the image associated with the motion infor-
mation of the tissue. In this case, the motion information of
the tissue is physical information which can be acquired
concerning the motion of the tissue, e.g., the strain, strain rate,
displacement, and velocity of the tissue. An image including
such motion information of a tissue will be generically
referred to as a “motion information image” hereinafter.
[0045] The display unit 23 displays morphological infor-
mation in a living body, motion information, or the like as an
image in a predetermined form on the basis of a video signal
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from the image generating unit 21. The display unit 23 dis-
plays markers for supporting positional association between
images when a plurality of image are to be displayed.
[0046] The control unit (CPU) 31 has a function of an
information processing apparatus (computer), and statically
or dynamically controls this ultrasonic diagnosis apparatus.
The control unit 31, in particular, implements an arbitrary
slice tracking function (to be described later) by unarchiving
adedicated program stored in the storage unit 39 in a memory
(not shown).

[0047] The tracking processing unit 33 executes arbitrary
slice tracking processing of chronologically tracking the
movement of an arbitrary slice set in the volume data of a
predetermined time phase.

[0048] The volume data generating unit 35 executes spatial
interpolation processing by using B-mode data for each
frame, whichis received from the B-mode processing unit17,
spatial distribution data of tissue displacement for each time
phase, which is received from the movement vector process-
ing unit 19, and generates volume data concerning a diagnosis
target which periodically moves for each time phase. Note
that in this embodiment, the volume data generating unit 35
generates volume data by using data (so-called raw data)
before the image generating unit 21. However, the present
invention is not limited to this. It suffices to generate volume
data by using data (so-called image data) from a unit after the
image generating unit 21 in the volume data generating unit
35 and implement a slice tracking function (to be described
later).

[0049] The motion information computing unit 37 com-
putes motion information concerning each tracking target
surface by using volume data concerning tissue displacement
for each time phase, which is generated by the volume data
generating unit 35, and a tracking target surface for each time
phase, which is acquired by the tracking processing unit 33.
[0050] The storage unit 39 comprises a recording medium
such as a magnetic disk (a floppy (registered trademark) disk,
a hard disk, or the like), an optical disk (a CD-ROM or a
DVD), or a semiconductor memory, and a device which reads
out information recorded on the recording medium. The stor-
age unit 39 stores transmission/reception conditions, a pre-
determined scanning sequence, raw data or ultrasonic image
data (e.g., tissue image data captured in the tissue Doppler
mode or the B mode) corresponding to each time phase,
volume data for each time phase which is generated by the
volume data generating unit 35, motion information gener-
ated by the motion information computing unit 37, a dedi-
cated program for implementing the slice tracking function, a
control program for executing image generation and display
processing, diagnosis information (a patient ID, findings by a
doctor, and the like), a diagnosis protocol, a body mark gen-
eration program, and the like.

[0051] The operation unit 41 is connected to the apparatus
body and includes a mouse or a trackball, mode switches, a
keyboard, and the like which are used to input, to the appa-
ratus body, various instructions from the operator, an instruc-
tion to set a region of interest (ROI), various image quality
setting instructions, the designation of an initial time phase in
arbitrary slice tracking processing, the setting of an arbitrary
slice in the initial time phase, and the like.

[0052] The transmission/reception unit 43 is a device
which transmits/receives information to/from another appa-
ratus via a network. Data, e.g., ultrasonic image data, the
analysis result, and the like obtained by the ultrasonic diag-
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nosis apparatus 1 can be transferred to another apparatus by
the transmission/reception unit 43 via a network.

(Arbitrary Slice Tracking Function)

[0053] Thearbitrary slice tracking function which the ultra-
sonic diagnosis apparatus 1 has will be described next. This
function performs ultrasonic imaging to chronologically
track spatial variations in arbitrary slices set in a diagnosis
target exhibiting periodic motion, thereby supporting image
diagnosis concerning the diagnosis target. For a concrete
description, this embodiment exemplifies a case in which a
diagnosis target exhibiting periodic motion is a heart.

[0054] FIG.2is aflowchart showing a sequence of process-
ing (arbitrary slice tracking processing) based on the arbitrary
slice tracking function according to the first embodiment. The
contents of processing in each step will be described below.

[Step S1: Acquisition of Volume Data]

[0055] Volume scanning is executed on a heart as a diag-
nosis target throughout a period T to acquire the volume data
of a B-mode signal and volume data concerning a tissue
displacement in each of cardiac phases t0, t1, .. ., tn (step S1).

[0056] Assume that the period T is a period corresponding
to one or more cycles of motion of the diagnosis target (one or
more cardiac cycles in this case). The volume scanning
method to be used is not specifically limited. For example, it
suffices to perform volume scanning by using either a one-
dimensional array probe or a two-dimensional array probe.
Alternatively, it suffices to use a three-dimensional triggered
scanning technique of generating full volume data concern-
ing a desired range by concatenating sub-volume data con-
cerning small areas, acquired in synchronism with ECG, on
the basis of associated triggers, and sequentially updating
sub-volumes in accordance with time information.

[Step S2: Setting of Arbitrary Slices]

[0057] Arbitrary slices are set for volume data concerning
any one of predetermined time phases (step S2). In this
embodiment, three slices, namely, Basal, Mid, and Apical
slices (to be referred to as B, M, and A surfaces, respectively,
hereinafter for the sake of simplicity) are set in the initial time
phase t0 in the period T.

[0058] It suffices to make the apparatus automatically set
arbitrary slices for the volume data of the initial time phase or
to manually set such slices in accordance with inputs from the
operator using the operation unit 41. From a medical point of
view, it is preferable that an initial time phase is an end-
diastolic phase or an end-systolic phase.

[Step S3: Arbitrary Slice Tracking Processing]

[0059] The tracking processing unit 33 tracks each arbi-
trary slice by performing speckle tracking (tracking using a
pattern matching technique) of an area corresponding to each
arbitrary slice set in the initial time phase t0 in volume data of
the remaining time phases (i.e., the time phases other than the
initialtime phase t0 in the period T) in which no slice has been
set in step S2 (step S3).
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[0060] A concretetechnique for this arbitrary slice tracking
operation will be described below according to the following
examples with reference to F1G. 4.

EXAMPLE 1

[0061] The tracking method according to this example
obtains a movement component V by projecting movement
vectors at the respective positions of tissues existing on the
respective slices in the normal direction and averaging the
vectors, and tracking an arbitrary slice in each time phase by
using the movement component.

[0062] FIG. 4isa flowchart showing a sequence of arbitrary
slice tracking processing in step S3. As shown in FIG. 4, first
of all, movement component V=V___.(t0) in the initial time
phase t0 is calculated by averaging only normal-direction
components (projection components in the normal direction
shown by “z” in FIG. 4) of movement vectors of the respec-
tive tissues (i.e., the positions of tissues contained in the
respective surfaces) on the B, M, and A surfaces set for the
volume data of the initial time phase (step S31).

[0063] TheB, M, and A surfaces set in the initial time phase
are translated by movement component V=V___ . (10) along
the normal direction, and cardiac areas contained in the B, M,
and A surfaces after movement are set as arbitrary slices in a
time phase t1 (step S32).

[0064] MovementcomponentV=V,_ . (ti)inatime phase
ti (1is aninteger satisfying 2=i=n) is calculated by averaging
only normal-direction components of movement vectors of
the respective tissues on the B, M, and A surfaces in the time
phase t1 (step S33).

[0065] The B, M, and A surfaces in the time phase ti are
translated by movement component V=V_ . (t1) along the
normal direction to set the B, M, and A surfaces in the time
phase ti (step S34).

[0066] Sequentially repeating the processing in steps S33
and S34 in chronological order up to the time phase tn can
track the B, M, and A surfaces in the respective time phases.
[0067] The positions of the B, M, and A surfaces to be
tracked by the above technique according to Example 1 after
movement are detected by using the movement component V
calculated by averaging only the normal-direction compo-
nents at the respective positions (the respective myocardials)
on the respective surfaces. Therefore, as shown in FIG. 5, the
B, M, and A surfaces in the respective time phases are parallel
to the B, M, and A surfaces set in the initial time phase.

EXAMPLE 2

[0068] The tracking method according to this example
obtains the movement component V by averaging movement
vectors at the respective positions of tissues existing in set
arbitrary slices (without projection in the normal direction)
and tracks arbitrary slices in each time phase by using the
obtained component.

[0069] Referring to FIG. 4, first of all, movement compo-
nent V=V __ (10) is calculated by averaging the movement
vectors of the respective myocardials (i.e., the respective
positions on tissues included in the respective surfaces)in the
B, M, and A surfaces set for the volume data of the initial time
phase (step S31).

[0070] TheB, M, and A surfaces set in the initial time phase
are translated by movement component V=V __ (10) to set
the B, M, and A surfaces in the time phase t1 (step S32).
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[0071] Movement component V=V, __ (ti) in the time
phase ti (i is an integer satisfying 2=i=n) is calculated by
averaging the movement vectors of the respective myocar-
dials on the B, M, and A surfaces in the time phase t1 (step
S33).

[0072] The B, M, and A surfaces in the time phase ti are
translated by movement component V=V___ (ti) along the
normal direction to set the B, M, and A surfaces in the time
phase ti (step S34).

[0073] Sequentially repeating the processing in steps S33
and S34 in chronological order up to the time phase tn can
track arbitrary slices in the respective time phases.

[0074] The positions of the B, M, and A surfaces to be
tracked by the technique according to Example 2 after move-
ment are detected by using the movement component V cal-
culated by averaging the movement vectors of the respective
positions (the respective myocardials) on the respective sur-
faces. As shown in FIG. 6, therefore, the B, M, and A surfaces
in the respective time phases are not always parallel to the B,
M, and A surfaces set in the initial time phase.

EXAMPLE 3

[0075] The tracking method according to this example
detects the respective positions of tissues existing in set arbi-
trary slices in the next time phase by using movement vectors
at the respective positions, and chronologically repeats the
detection, thereby tracking arbitrary slices in each time phase.

[0076] That is, as shown in FIG. 4, first of all, this method
calculates movement vector V=V(j, t0) associated with each
position pj(x, y, z) (j is an integer satisfying 1 =j=m where m
is the number of positions of myocardial tissues existing on
the respective surfaces) on each of the B, M, and A surfaces
set for the volume data of the initial time phase t0 (step S31).

[0077] The method then detects the respective positions on
the B, M, and A surfaces in the initial time phaseafter they are
moved by movement vector V=V(j, t0), and sets the resultant
surfaces as the B, M, and A surfaces in the next time phase t1
(step S32).

[0078] The method calculates movement vector V=V(j, t1)
ateach position on each of the B, M, and A surfaces in the time
phase t1 (step S33).

[0079] The method detects the respective positions on the
B, M, and A surfaces in the time phase t1 after the respective
positions on the B, M, and A surfaces are moved by move-
ment vector V=V(j, t1), and sets the resultant surfaces as the
B, M, and A surfaces in the next time phase ti (i is an integer
satisfying 2=i=n) (step S34).

[0080] Chronologically repeating the processing in steps
S33 and S34 up to the phase tn can track arbitrary slices in
each time phase.

[0081] The technique according to Example 3 detects posi-
tions constituting the B, M, and A surfaces in the next time
phase by using movement vectors at the respective positions
(the respective myocardials) on the B, M, and A surfaces to be
tracked, and chronologically repeats the detection operation
to track arbitrary slices in each time phase. As shown in FIG.
7, therefore, the B, M, and A surfaces in each time phase
become arbitrary curved surfaces in a three-dimensional
coordinate system in each time phase after the initial time
phase.
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[0082] Note that Examples 3, 2, and 1 allow the placement
of accurate motion information corresponding to more local
tracking positions in the order named.

[Step S4: Generation of C-Mode Image]

[0083] The image generating unit 21 projects data (arbi-
trary slice data) belonging to an arbitrary slice in each time
phase o a projection surface to generate an ultrasonic image
(C-mode image) (step S4). Consider the manner of projecting
arbitrary slice data in each tracking method. When the track-
ing method according to Example 1 or 2 is used, a tracked
arbitrary slice (a plane surface in either method) is preferably
made to coincide with a projection surface in advance.
[0084] When the technique according Example 3 is used, a
tracked arbitrary slice does not always become a plane sur-
face. As shown in FIG. 8, therefore, it is preferable to obtain
aregression plane surface concerning each minute local posi-
tion (each position pj(x, v, z) tracked in tracking processing)
on myocardial within a tracked arbitrary slice and reconstruct
an ultrasonic image (C-mode image) by using the regression
plane surface as a projection surface. Alternatively, a C-mode
image concerning a regression plane surface can be generated
by directly using data at each position on the regression plane
surface.

[Step S5: Computation of Motion Information]

[0085] The motion information computing unit 37 com-
putes motion information concerning an arbitrary slice in
each time phase (step S5). The motion information computa-
tion technique to be used is not specifically limited. Assume
that this embodiment uses the tissue strain imaging method
described in, for example, Jpn. Pat. Appln. KOKAI Publica-
tion No. 2003-175041.

[0086] Note that the tissue strain imaging method requires
a velocity distribution image concerning a plurality of time
phases. This velocity distribution image can be obtained by
performing pattern matching processing for a plurality of
two-dimensional or three-dimensional tissue images con-
cerning a plurality of time phases which are acquired in the B
mode or the like.

[Step S6: Image Display]

[0087] Motion information images concerning arbitrary
slices tracked by arbitrary slice tracking processing are dis-
played (step S6). That is, the image generating unit 21 gen-
erates a motion information image by projecting motion
information at each position in the arbitrary slice generated in
step S5 onto the projection surface set in step S4. When the
projection surface is a regression plane surface, motion infor-
mation at each position on the regression plane surface is
obtained and is superimposed on the C-mode image genet-
ated in step S4, thereby generating a motion information
image. The display unit 23 continuously displays (tracking
displays) the generated motion information images in time
phase order.

[0088] When displaying motion information images, it is
possible to display tomograms (long-axis images in this case)
perpendicular to the motion information images simulta-
neously with the motion information images and also marker-
display positions on the long-axis images which correspond
to the motion information images.

[0089] FIG. 9 is a view showing an example of marker
display of positions on long-axis images which correspond to
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motion information images. Referring to FIG. 9, the broken
lines on the respective long-axis images, i.e., the 4C and 2C
images, represent the marker display of positions on the
motion information images which correspond to the B, M,
and A surfaces. The broken lines on the respective motion
information images (short-axis images), i.e., the B, M, and A
surfaces, represent the marker display of positions corre-
sponding to the 4C and 2C images, respectively.

[0090] Such marker display allows to grasp the positions of
the B, M, and A surfaces which dynamically follow up with
each other and to also grasp a region which exhibits a local
reduction in shortening in the long-axis direction due to myo-
cardial ischemia or the like. This state can be understood as
follows. If, for example, on the long-axis image on the left
side in FIG. 9, the positions of the three short-axis images
corresponding to the B, M, and A surfaces are parallel, all the
Basal, Mid, and Apical areas on the left and right cardiac
walls uniformly move. In contrast, if only the short-axis
image corresponding to the M surface slopes down to the left
relative to the remaining slices, it indicates that the shortening
of the Basal region of the left myocardial is locally smaller
than that of the Basal region of the right myocardial.

[0091] In addition, it is possible to perform three-dimen-
sional surface rendering display of motion information con-
cerning tracked arbitrary slices.

[0092] FIG. 10 is a view showing an example of three-
dimensional surface rendering display of motion information
concerning tracked arbitrary slices. FIG. 10 shows how trans-
verse slices of the myocardial deform while changing their
positions. Different colors are assigned to the different
degrees of a myocardial wall motion parameter (e.g., radial-
strain).

(Effects)

[0093] According to the above arrangements, the following
effects can be obtained.

[0094] This ultrasonic diagnosis apparatus calculates a
movement vector in each time phase, and detects arbitrary
slices in the next time phase by using the movement vector.
The apparatus repeats this operation to track spatial variations
in arbitrary slices. Using data on arbitrary slices in the respec-
tive time phases which are obtained by tracking makes it
possible to generate C-mode images and motion information
images and continuously display them in, for example, chro-
nological order. Such display allows to intuitively and quan-
titatively grasp how the slices of the myocardial deform with
time in accordance with cardiac phases. This makes it pos-
sible to accurately and quickly acquire three-dimensional
motion information concerning the same region of the myo-
cardial which moves.

[0095] Even with shortening, it is possible to always
observe motion information, e.g., a change in the wall thick-
ness of the myocardial in the same local segment. In addition,
since only three C-mode images corresponding to three areas
necessary for the clinical analysis of the entire left ventricle,
which are recommended by ASE, are used, it is easy to simul-
taneously grasp the images as compared with observation
using the conventional apparatus.

Second Embodiment

[0096] The second embodiment of the present invention
will be described next. The first embodiment exemplifies a
case in which cardiac areas contained in B, M, and A surfaces
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corresponding to short-axis images are tracked. Arbitrary
slice tracking processing according to this embodiment is
performed by using an apical four-chamber slice (4C slice),
apical three-chamber slice (3C slice), and apical two-cham-
ber slice (2C slice) corresponding to clinically significant
long-axis images. A technique according to this embodiment
can be executed independently of or in combination with the
techniques described in the first embodiment.

[0097] More specifically, the following exemplifies a case
in which arbitrary slices corresponding to long-axis images
are 4C and 2C slices. However, the present invention is not
limited to this. It suffices to use any combination of 4C, 3C,
and 2C slices or use all the three slices or only one slice.
[0098] FIG. 11 is a flowchart showing a sequence of arbi-
trary slice tracking processing according to the second
embodiment. The contents of processing in each step will be
described below.

[0099] As shown in FIG. 11, as in the first embodiment,
volume data of a heart as a diagnosis target concerning each
of cardiac phases t0, 11, .. ., tn is acquired by volume scanning
throughout a period T (step S31). 4C and 2C slices are set as
arbitrary slices with respect to the volume data concerning the
initial time phase (step S32).

[0100] The tracking processing unit 33 executes arbitrary
slice tracking by speckle tracking of areas corresponding to
the 4C and 2C slices set in the initial time phase t0 in volume
data of the remaining time phases (i.e., the time phases other
than the initial time phase t0 in the period T) in which no slice
has been set in step S32 (step S33). Obviously, itis possible to
use the same arbitrary slice tracking method as that described
in the same manner of first embodiment.

[0101] Animage generating unit 21 then generates 4C and
2C images by projecting the tracked 4C and 2C slices in each
time phase (step S34). A motion information computing unit
37 computes arbitrary motion information defined on the
tracked 4C and 2C slices in each time phase. The display unit
23 displays the computed motion information as motion
information images superimposed on the 4C and 2C images
(steps S35 and S36).

[0102] At this time, as in, for example, the first embodi-
ment, the motion information images are displayed such that
positions in the respective short-axis images which corre-
spond to long-axis images are marker-displayed simulta-
neously with a plurality of short-axis images, thereby sup-
porting to grasp slice positions and tracking positions on the
long-axis images. FIG. 12 shows a preferred display example
(the cardiac phase of the motion information images is an
end-systolic phase) in a case in which when such marker
display is performed, projection is performed on regression
plane surfaces obtained by the tracking method described in
Example 3. The two broken-line markers displayed on the
respective short-axis images respectively correspond to the
positions of the 4C and 2C images in an end-diastolic phase,
and the solid lines respectively indicate the markers of the
respective long-axis images in an end-systolic phase. Such
display allows to grasp the state and degree of the torsional
motion of the myocardial wall when, for example, the long-
axis image marker in the short-axis image at the Apical level
rotates in the counterclockwise direction, and the long-axis
image marker in the short-axis image at the Basal level rotates
in the clockwise direction which is reverse to that at the Apical
level.

[0103] According to the above display example, even a
long-axis image after tracking is projected as a two-dimen-
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sional tomogram. However, in order to facilitate grasping
how the shape of the long-axis image changes, it suffices to
perform three-dimensional surface rendering display of the
image, as shown in an example of the image of FIG. 13.
According to the example shown in FIG. 13, the start of
tracking is set at an end-diastolic time, and a long-axis image
position at the end-diastolic time is guide-displayed with the
broken line, while a long-axis image position after tracking at
an end-systolic time is indicated by the solid line. Using such
a display form facilitates grasping a torsional motion or the
like when it occurs.

[0104] With the above arrangement, the same effects as
those of the first embodiment can be obtained. It is generally
known that the myocardial wall of a healthy left ventricle
twists, as if a dust cloth were squeezed, to circulate blood
through the entire body. Seeing the above long-axis image
makes it possible to always observe motion information
exemplifying a change in myocardial contraction rate of the
myocardial in the same local segment in the long-axis direc-
tion.

Third Embodiment

[0105] The third embodiment of the present invention will
be described next. The first and second embodiments obtain
three-dimensional movement vectors to track arbitrary slices,
and perform three-dimensional tracking by using the vectors.
In contrast, the third embodiment exemplifies a case in which
a similar effect can be easily obtained by using a two-dimen-
sional tracking technique capable of performing computation
faster than three-dimensional tracking.

[0106] FIG. 14 is a flowchart showing a sequence of arbi-
trary slice tracking processing according to the third embodi-
ment. The contents of processing in each step will be
described below.

[0107] Referring to FIG. 14, first of all, volume data of a
heart as a diagnosis target concerning each of cardiac phases
10, 11, . . ., tn are obtained by volume scanning throughout a
period T, and two long-axis slices comprising 4C and 2C
images or three long-axis slices comprising 4C, 2C, and 3C
images are rendered (step S41).

[0108] Upon receiving information indicating an initial
time phase (preferably an end-diastolic phase or end-systolic
phase) at which tracking designated by the operator on the
basis of each rendered long-axis slice is started, a tracking
processing unit 33 searches for left and right, two annulus
positions per long-axis slice in the initial time phase by the
two-dimensional pattern matching technique using a pre-
registered annulushape dictionary as a template (step S42).
Note that each annulus position can be manually designated
in accordance with an input from the operator through an
operation unit 41 instead of using the pattern matching tech-
nique.

[0109] When the position of a cardiac apex portion in each
time phase is designated, the tracking processing unit 33
extracts all annulus in the initial time phase on the basis of the
designated position of the cardiac apex portion and the two
annulus positions found in step S42 (step S43). When the
position of a cardiac apex portion in each time phase is to be
designated, first of all, the position of a cardiac apex portion
is designated on a long-axis tomogram in a predetermined
time phase on the basis of the designation by the operator
through the operation unit 41, and the designated position is
shared in long-axis tomograms in the remaining time phases.
However, the technique used for designating the position of a
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cardiac apex portion is not limited to this technique. For
example, it suffices to individually designate the position of'a
cardiac apex portion on each of all long-axis tomograms by a
predetermined method and designate the average position
among all the long-axis tomograms as the position of a new
cardiac apex portion. In general, the movement of a cardiac
apex portion is small. For this reason, in such cardiac apex
position designation, the setting result in a given time phase is
preferably shared in all the remaining time phases.

[0110] All annulus positions are tracked in each long-axis
image in at least one cardiac cycle by performing tracking
operation using the two-dimensional pattern matching tech-
nique (step S44).

[0111] The tracking processing unit 33 then sets a C-mode
image level (step S45). That is, the tracking processing unit 33
obtains the barycentric position of four or six annulus posi-
tions on a long-axis image in each time phase, and defines a
central axis connecting the barycenter and the cardiac apex
position in each time phase. The tracking processing unit 33
then divides the central axis into three portions, and desig-
nates the levels of short-axis slices (i.e., the levels of B, M,
and A surfaces) in the respective areas. Most simply, the
central position of each area on the central axis can be desig-
nated as the level of each short-axis slice. Since slices at the
respective levels can be defined by defining the central axis as
anormal vector, the defined slices are set as short-axis slices
(B, M, and A surfaces).

[0112] C-mode images concerning the set short-axis slices
are reconstructed (step S46). C-mode images are recon-
structed in the above manner.

[0113] Arbitrary myocardial wall motion parameters such
as a radial-strain are computed by performing two-dimen-
sional tracking in short-axis images tracked in the central axis
direction in the above manner (step S47). The computed
parameters are superimposed on the above C-mode images
and displayed (step S48). FIG. 15 shows a preferred display
example based on this embodiment.

[0114] According to the above arrangement, with regard to,
for example, shortening, it is possible to observe motion
information such as the wall thickness of almost the same
segment myocardial. In addition, two-dimensional tracking
in these C-mode images allows to expect a nearly three-
dimensional tracking effect and can implement local myocar-
dial wall motion analysis by pseudo three-dimensional track-
ing which shortens the computation time.

Fourth Embodiment

[0115] The fourth embodiment will be described next. This
embodiment is a modification of the third embodiment, and
uses the intersection position between each short-axis image
and the myocardial on a long-axis image as a tracking target
position concerning the long-axis image instead of the above
annulus position.

[0116] FIG. 16 is a flowchart showing a sequence of arbi-
trary slice tracking processing according to the fourth
embodiment. The contents of processing in each step will be
described below.

[0117] As shown in FIG. 16, first of all, the volume data of
aheart as a diagnosis target concerning each of cardiac phases
t0, t1, . . ., tn is acquired by volume scanning throughout a
period T, and three long-axis tomograms are extracted from
two long-axis slices comprising 4C and 2C images (or a
combination of 4C and 3C images or all 4C, 2C, and 3C
images) (step S51).
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[0118] Based on an instruction from an operation unit 41,
an initial time phase (preferably an end-diastolic phase or an
end-systolic phase) from which tracking is started is desig-
nated, and the levels of short-axis slices (i.e., the levels of B,
M, and A surfaces) are set on the long-axis tomograms in the
initial time phase (step S52).

[0119] When the position of a cardiac apex portion in each
time phase is designated, the intersection position between
each short-axis slice and the myocardial in the initial time
phase is detected by using a known edge detection technique
(step S53). The position of an cardiac apex portion in each
time phase is designated in the above manner.

[0120] Eachintersection position on each short-axis slice is
then tracked within each long-axis image concerning at least
one cardiac cycle by performing tracking in the remaining
time phases using the two-dimensional pattern matching
technique (step S54). A tracking processing unit 33 sets
C-mode image levels on the basis of the intersection position
of each short-axis slice (step S55).

[0121] The image generating unit 21 reconstructs C-mode
images concerning the set short-axis slices (step S56).
C-mode images are reconstructed in the above manner.
[0122] Arbitrary myocardial wall motion parameters such
as a radial-strain are computed by performing two-dimen-
sional tracking in short-axis images tracked in the central axis
direction in the above manner (step S57). The computed
parameters are superimposed on the above C-mode images
and displayed (step S58). FIG. 17 shows a preferred display
example based on this embodiment.

[0123] With the above arrangement, the same effects as
those of the third embodiment can be obtained.

Fifth Embodiment

[0124] The fifth embodiment will be described below. An
apparatus according to this embodiment defines and com-
putes first, in a three-dimensional space, myocardial wall
motion information in the wall thickness direction (e.g., a
physical quantity defined by using the three-dimensional dis-
tance between endo and epicardium, such as a radial strain, a
radial strain rate, or a wall thickness), and superimposes/
displays the information in color by projecting the informa-
tion on arbitrary slices. This makes it possible to evaluate
myocardial wall motion information in the wall thickness
direction, which is accurately computed three-dimensionally,
on two-dimensional tomograms with which the examiner has
been familiar.

[0125] For a concrete description, assume that in this
embodiment, a slice on which myocardial wall motion infor-
mation in the wall thickness direction which is defined in the
three-dimensional space is projected is an arbitrary slice tem-
porally tracked and acquired by either of the techniques in the
first to fourth embodiments. However, the technical idea of
this embodiment is not limited to this. Assume that a slice set
at a position where no temporal variation occurs is to be
observed. In this case, even using slices acquired without
using any of the techniques in the first to fourth embodiments
allows to evaluate myocardial wall motion information in the
wall thickness direction, which is accurately computed three-
dimensionally, on two-dimensional tomograms.

[Computation of Motion Information]

[0126] A motion information computing unit 37 computes
myocardial wall motion information in the wall thickness
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direction in each time phase in a three-dimensional space by
using volume data concerning a tissue displacement in each
time phase which is generated by a volume data generating
unit 35 and an arbitrary slice in each time phase which is
acquired by a tracking processing unit 33. That is, the motion
information computing unit 37 specifies each position on an
epicardium which corresponds to each position on an
endocardium defined by an arbitrary slice set in each volume
data (existing on the arbitrary slice) and computes motion
information (myocardial wall motion information in the wall
thickness direction) such as a wall thickness or radial strain
rate.

[0127] Note that computation processing for myocardial
wall motion information in the wall thickness direction is
executed in, for example, step S5 in FIG. 2, step S35 in FIG.
11, step S47 in FIG. 4, and step S57 in FIG. 16.

[Image Display]

[0128] An image generating unit 21 then projects the com-
puted myocardial wall motion information in the wall thick-
ness direction in each time phase onto each projection sur-
face. If, for example, the projection surfaces are C-mode
plane 1 and C-mode plane 2 as shown in FIG. 19, the image
generating unit 21 projects positions on the epicardium
defined in a direction perpendicular to the long-axis direction
(straight line [ direction) with reference to positions on an
endocardium onto corresponding position components on
C-mode plane 1 and C-mode plane 2. A display unit 23
displays superimposed images obtained by superimposing
the myocardial wall motion information in the wall thickness
direction on C-mode images (monochrome images) in, for
example, the form shown in FIG. 20.

[0129] Note that this image display processing is executed
in, for example, step S6 in F1G. 2, step S36 in FIG. 11, step
S48 in FIG. 14, and step S58 in FIG. 16.

[0130] The display form of myocardial wall motion infor-
mation in the wall thickness direction shown in FIG. 20
accurately expresses the positional relationship between the
area on which motion information is projected and cardiac
wall area based on a C-mode image as shown in FIG. 19. In
this display form, however, if an epicardium position on a
projected C-mode image shifts from a projection position
component of the epicardium (in the case of C-mode plane 1
in FIG. 19), the display area of the myocardial wall motion
information in the wall thickness direction does not coincide
with the cardiac wall area on the C-mode image. This gives
the user an unnatural impression at the time of observation.

[0131] FIG. 21 shows another example of the display form
of myocardial wall motion information in the wall thickness
direction, which is designed not to give such an unnatural
impression. In this display form, when images are superim-
posed and displayed, the size of the display area of myocar-
dial wall motion information in the wall thickness direction is
made to correspond to the size of the cardiac wall area on the
C-mode image. This display form is an inaccurate expression
from the viewpoint of the positional relationship between an
area on which motion information is projected and a cardiac
wall area based ona C-mode image, but can reduce the above
unnatural impression given to the user. Note that the user can
switch between the display form shown in FIG. 20 and the
display form shown in FIG. 21 by, for example, predeter-
mined operation using an operation unit 41 at an arbitrary
timing.
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[0132] According to the above arrangement, myocardial
wall motion information in the wall thickness direction can be
accurately computed three-dimensionally, and can be pro-
jected on a predetermined slice such as a C-mode plane.
Therefore, the user can evaluate the accurate myocardial wall
motion information in the wall thickness direction on a two-
dimensional tomogram with which the user has been familiar.
[0133] A superimposed image obtained by superimposing
myocardial wall motion information in the wall thickness
direction on a C-mode image can be displayed while the size
of the display area of the myocardial wall motion information
in the wall thickness direction is made to correspond to the
size of the cardiac wall area on the C-mode image. Evenwhen
the incoincidence between the display area of myocardial
wall motion information in the wall thickness direction and
the cardiac wall area on the C-mode image gives the user an
unnatural impression, changing the display form can imple-
ment image observation with a natural impression.

[0134] The present invention is not limited to the above
embodiments, and constituent elements can be modified and
embodied in the execution stage within the spirit and scope of
the invention. The following are concrete modifications.
[0135] (1) Each function according to the embodiments can
also be implemented by installing programs for executing the
corresponding processing in a computer such as a worksta-
tion and unarchiving them in a memory. In this case, the
programs which can cause the computer to execute the cor-
responding techniques can be distributed by being stored in
recording media such as magnetic disks (floppy (registered
trademark) disks, hard disks, and the like), optical disks (CD-
ROMs, DVDs, and the like), and semiconductor memories.
[0136] (2) In each embodiment, motion information con-
cerning an arbitrary slice acquired by arbitrary slice tracking
processing can be displayed upon being coordinate-con-
verted into a polar map, as shown in, for example, FIG. 18,
instead of being projected/displayed on a predetermined
MPR tomogram, or simultaneously with projection display.
Referring to FIG. 18, the lower right display corresponds to
polar map display. The polar map is displayed together with a
color bar for color conversion of myocardial wall motion
information. This makes it possible to grasp, with high vis-
ibility, how myocardial wall motion information in the entire
left ventricle spreads, by using myocardial wall motion infor-
mation accurately computed locally.

[0137] (3) Each embodiment described above has exempli-
fied the case in which spatiotemporal distribution data con-
cerning the movement vector of each tissue or the displace-
ment of a tissue is acquired by the technique using speckle
tracking. However, the present invention is not limited to this,
and spatiotemporal distribution data can be generated on the
basis of two-dimensional or three-dimensional image data
concerning a plurality of time phases which are acquired by
the tissue Doppler method.

[0138] In addition, various inventions can be made by
proper combinations of a plurality of constituent elements
disclosed in the above embodiments. For example, several
constituent elements may be omitted from all the constituent
elements disclosed in the above embodiments. Furthermore,
constituent elements in different embodiments may be prop-
erly combined.

What is claimed is:

1. An ultrasonic image processing apparatus comprising;

a storage unit which stores volume data acquired for each
time phase concerning periodic motion of an object to be
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examined which periodically moves by scanning the
object with ultrasonic waves;

a setting unit which sets an arbitrary slice in volume data
corresponds to a predetermined time phase;

a tracking unit which sets a plane corresponding to the
arbitrary slice in said each volume data corresponding to
remaining time phases concerning the periodic motion
by executing tracking processing of tracking a temporal
change in a position of the arbitrary slice in the prede-
termined time phase;

an image generating unit which generates a first ultrasonic
image in said each time phase on the basis of data cor-
responding to the plane corresponding to the arbitrary
slice in said each time phase; and

a display unit which displays the first ultrasonic image for
each time phase.

2. An apparatus according to claim 1, wherein the tracking
unit computes a movement vector concerning the plane cor-
responding to the arbitrary slice in the predetermined time
phase, and executes the tracking processing by using the
movement vector in the predetermined time phase and the
arbitrary slice in the predetermined time phase.

3. An apparatus according to claim 2, wherein the tracking
unit sets an area to which a plane corresponding to the arbi-
trary slice in an immediately preceding or succeeding time
phase is moved by using the movement vector in the imme-
diately preceding or succeeding time phase as a plane corre-
sponding to the arbitrary slice in the time phase, for each of
remaining time phases ti (where 1 is an integer satisfying
1=i=n and n is an integer satisfying n=2) concerning the
periodic motion when the predetermined time phase is rep-
resented by j (i]), calculates a movement vector concerning
the plane corresponding to the arbitrary slice in the time
phase, and sets an arbitrary slice in an immediately preceding
or succeeding time phase by using the arbitrary slice in the
time phase and the movement vector concerning the arbitrary
slice in the time phase.

4. An apparatus according to claim 2, wherein the tracking
unit calculates a three-dimensional movement vector at each
position on the arbitrary slice for each time phase, and calcu-
lates an average of projection components of a three-dimen-
sional movement vector at said each position with respect to
a normal line to the arbitrary slice as a movement vector
concerning the arbitrary slice for each time phase.

5. An apparatus according to claim 2, wherein the tracking
unit calculates a three-dimensional movement vector at each
position on the arbitrary slice for each time phase, and calcu-
lates an average of a three-dimensional movement vector at
said each position as a movement vector concerning a plane
corresponding to the arbitrary slice for each time phase.

6. An apparatus according to claim 2, wherein the tracking
unit calculates a three-dimensional movement vector at each
position on the arbitrary slice in each time phase as a move-
ment vector concerning a plane corresponding to the arbitrary
slice in each time phase, and executes the tracking processing
by moving each position on a plane corresponding to the
arbitrary slice in each time phase by using a three-dimen-
sional movement vector at each position in said each time
phase.

7. An apparatus according to claim 1, wherein

the object is a heart,

a plane corresponding to an arbitrary slice in the predeter-
mined time phase is a short-axis slice of the heart, and

the first ultrasonic image is a short-axis image of the heart.



US 2008/0267482 A1l

8. An apparatus according to claim 1, wherein

the object is a heart,

aplane corresponding to an arbitrary slice in the predetet-

mined time phase is a long-axis slice of the heart, and
the first ultrasonic image is a long-axis image of the heart.

9. An apparatus according to claim 1, wherein

the object is a heart,

the setting unit sets the arbitrary slice containing a annulus

region in a long-axis slice of the heart in the volume data
corresponding to the predetermined time phase,

the tracking unit sets annulus region positions in remaining

time phases concerning the periodic motion in said each
volume data corresponding to the remaining time phases
by two-dimensional pattern matching using said each
volume data corresponding to the remaining time phases
and the annulus region in the predetermined time phase,
and

the image generating unit generates at least one short-axis

image in said each time phase as the first ultrasonic
image on the basis of position information of a annulus
region in said each set time phase.

10. An apparatus according to claim 1, wherein

the object is a heart,

the setting unit sets a tracking position corresponding to a

short-axis slice in a long-axis slice of the heart in the
volume data corresponding to the predetermined time
phase,

the tracking unit sets a tracking position on the long-axis

slice in each of remaining time phases concerning the
periodic motion in said each volume data corresponding
to the remaining time phases by using said each volume
data corresponding to the remaining time phases and a
tracking position on the long-axis slice in the predeter-
mined time phase, and

the image generating unit generates at least one short-axis

image in said each time phase as the first ultrasonic
image on the basis of a tracking position on the long-axis
slice in said each set time phase.

11. An apparatus according to claim 1, wherein the image
generating unit generates at least one of a tissue form image
and a motion information image as the first ultrasonic image.

12. An apparatus according to claim 1, wherein the image
generating unit generates the first ultrasonic image by pro-
cessing including rendering.

13. An apparatus according to claim 1, wherein

the image generating unit generates a second ultrasonic

image different from the first ultrasonic image for each
time phase by using the volume data, and

the display unit displays the second ultrasonic image

together with a marker indicating a position of the first
ultrasonic image.

14. An apparatus according to claim 13, wherein the dis-
play unit displays the second ultrasonic image together with
markers indicating positions of said plurality of first ultra-
sonic images corresponding to different time phases.

15. An apparatus according to claim 13, wherein the dis-
play unit displays the first ultrasonic image together with a
marker indicating a position of the second ultrasonic image.

16. An apparatus according to claim 15, wherein the dis-
play unit displays the first ultrasonic image together with
markers indicating positions of said plurality of second ultra-
sonic images corresponding to different time phases.
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17. An apparatus according to claim 1, wherein

the object 1s a heart, and

the image generating unit generates, as the first image, a
motion information image by converting motion infor-
mation of the object into polar coordinates with a cardiac
apex portion being a pole on the basis of data corre-
sponding to an arbitrary slice for said each time phase.

18. An apparatus according to claim 1, wherein

the object is a heart,

the image generating unit computes motion information in
a wall thickness direction of the heart by using the arbi-
trary slice, a plane corresponding to the arbitrary slice,
and said plurality of volume data, and generates a third
ultrasonic image in each time phase by projecting
motion information in a wall thickness direction of the
heart onto the first ultrasonic image, and

the display unit displays the third ultrasonic image in a
predetermined form.

19. An apparatus according to claim 18, wherein the dis-
play unit displays the third ultrasonic image in a form accu-
rately expressing a positional relationship between a cardiac
wall area on the first ultrasonic image and an area on which
motion information in the wall thickness direction is pro-
jected.

20. An apparatus according to claim 18, wherein the dis-
play unit displays the third ultrasonic image in a form which
makes a cardiac wall area on the first ultrasonic image coin-
cide with an area on which local motion information is pro-
jected.

21. An ultrasonic image processing apparatus comprising:

a storage unit which stores volume data acquired in each
time phase of a heart by scanning the heart with ultra-
SONIC waves;

a computing unit which computes a local movement infor-
mation of the heart in each time phase by using the
volume data;

a setting unit which sets an arbitrary slice in volume data;

an image generating unit which generates a first ultrasonic
image in each time phase on the basis of tissue structure
data corresponding to the arbitrary slice and a second
ultrasonic image in each time phase by projecting the
local movement information of the heart on the first
ultrasonic image; and

a display unit which displays the second ultrasonic image
in each time phase.

22. An apparatus according to claim 21, wherein the com-
puting unit computes a three-dimensional movement vector
information; and

the image generating unit executes tracks the arbitrary slice
in the volume data in each time phase by using the local
movement information in each time phase and generates
the second ultrasonic image in each time phase by using
data corresponding to the arbitrary slice in the volume
data.

23. An ultrasonic image processing method comprising:

setting an arbitrary slice in volume data corresponds to a
predetermined time phase, the volume data being
acquired for each time phase concerning periodic
motion of an object to be examined which periodically
moves by scanning the object with ultrasonic waves;

setting a plane corresponding to the arbitrary slice in said
each volume data corresponding to remaining time
phases concerning the periodic motion by executing



US 2008/0267482 A1l

tracking processing of tracking a temporal change in a
position of the arbitrary slice in the predetermined time
phase;

generating a first ultrasonic image in said each time phase
on the basis of data corresponding to the plane corre-
sponding to the arbitrary slice in said each time phase;
and

displaying the first ultrasonic image for each time phase.

24. An ultrasonic image processing method comprising:

computing a local movement information of the heart in
each time phase by using the volume data acquired in
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each time phase of a heart by scanning the heart with
ultrasonic waves;

setting an arbitrary slice in volume data;

generating a first ultrasonic image in each time phase onthe
basis of tissue structure data corresponding to the arbi-
trary slice and a second ultrasonic image in each time
phase by projecting the local movement information of
the heart on the first ultrasonic image; and

displaying the second ultrasonic image in each time phase.
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