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(57) ABSTRACT

According to one embodiment, there is provided an ultrasonic
diagnosis apparatus which generates a plurality of volume
data over a predetermined period, executes setting of a posi-
tion of at least one MPR slice relative to volume data, of the
plurality of volume data, which corresponds to a first time
phase, and sets positions of MPR slices corresponding to the
at least one set MPR slice with respect to remaining volume
data, executes segmentations of at least part of the heart into
a plurality of segments, executes three-dimensional tracking
processing, and optimizes the position of the MPR slice
which is set in a predetermined time phase, based on the
positions of the plurality of segments, and optimizes positions
of'the MPR slices set for the remaining volume data in asso-
ciation with the optimization.
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ULTRASONIC DIAGNOSIS APPARATUS AND
ULTRASONIC IMAGE PROCESSING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2010-005302, filed Jan. 13,2010; and No. 2010-272520, filed
Dec. 7, 2010, the entire contents of both of which are incor-
porated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnosis apparatus and an ultrasonic image
processing apparatus.

BACKGROUND

[0003] Ultrasonic diagnosis allows to display in real time
how the heart beats or the fetus moves, by simply bringing an
ultrasonic probe into contact with the body surface. This
technique is highly safe, and hence allows repetitive exami-
nation. Furthermore, this system is smaller in size than other
diagnosis apparatuses such as X-ray, CT, and MRI appara-
tuses and can be moved to the bedside to be easily and con-
veniently used for examination. Ultrasonic diagnostic appa-
ratuses used in this ultrasonic diagnosis vary in type
depending on the functions which they have. Some compact
apparatuses which have already been developed are small
enough to be carried with one hand. Ultrasonic diagnosis is
free from the influences of exposure using X-rays and the like,
and hence can be used in obstetric treatment, treatment at
home, and the like.

[0004] Recently, an ultrasonic diagnosis apparatus has
been implemented, which can acquire three-dimensional
image data in real time by three-dimensionally scanning an
object with ultrasonic waves and can generate and display a
three-dimensional image or an arbitrary slice image. In addi-
tion, recently, a technique called three-dimensional tracking
has been developed. This technique includes, first of all,
inputting the initial contours (in the initial time phase) of the
endocardiunm/epicardium of the left ventricle with respect to
a plurality of MPR slices (typically, “two or more slices
passing through the central cardiac chamber axis™) of the
heart, forming three-dimensional contours in the initial time
phase from the input initial contours, sequentially tracking a
local myocardial region by performing technical processing
such as pattern matching for the three-dimensional contours,
calculating wall motion information such as the motion vec-
tors and strain of the cardiac muscle from the tracking result,
and quantitatively evaluating the myocardial wall motion
(see, for example, patent reference 1). In addition, as a tech-
nique of displaying the result obtained by three-dimensional
tracking, a technique of evaluating a cardiac function for each
predetermined segment such as an ASE segment has been
desired and implemented. As diagnosis images to display a
three-dimensional tracking result, an MPR image and a para-
metric image superposed on it are used from the viewpoint of
recognition performance. Such images allow to observe an
analysis result on a predetermined MPR slice.

[0005] When, however, the respective segments three-di-
mensionally arranged on MPR slices are to be displayed by
the conventional technique, segment boundaries are compli-
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cated depending on the positions of the MPR slices. This
makes it difficult to understand the positional relationship
between the respective segments and the respective MPR
slices. Assume that after initial MPR slices (typically a plane
A, a plane B perpendicular to the plane A, and three planes C
perpendicular to the planes A and B) are set on a 4-ch view
and slices perpendicular to it by automatic MPR setting or
manually, initial contours are set on the slices. In most cases,
the apex point set for three-dimensional tracking processing
does not exist on the initial MPR slices, and the three planes
C do not match the segmentation levels of the segments.
[0006] This occurs for the following reason. Initial MPR
slices are set by using images corresponding to a 4-ch view
and slices perpendicular to the 4-ch view around the central
left ventricle axis. In general, however, although the left ven-
tricles have semi-ellipsoidal shapes, they are slightly bent in
the longitudinal direction in most cases. For this reason, the
definition of a central left ventricle axis in three-dimensional
tracking processing does not strictly match the real central
left ventricle axis. That is, it is not possible to uniquely define
a 4-ch view, and the defined position is merely an approxi-
mate position.

[0007] When defining the initial contours of the endocar-
dial and epicardial surfaces of the left ventricle for three-
dimensional tracking on such an approximate 4-ch view and
slices perpendicular to it, the conventional technique inputs
the information of a base or cardiac apical position and
extracts the contours of the endocardial surface by an ACT
method or the like or obtains an endocardial surface by, for
example, extracting a totally three-dimensional endocardial
surface after tracing the endocardial surface on the initial
slices. This makes it possible to obtain an epicardial surface
by, for example, assuming a predetermined myocardial thick-
ness with respect to an endocardial shape. In addition, the left
ventricular myocardium is segmented into predetermined
segments based on the obtained endocardial surface and the
initial 4-ch view position. The central left ventricle axis can
be defined as the center (area centroid or the like) of the
endocardial contours (annulus region contours) of the cardiac
base. The cardiac apical position can be defined as the remot-
est endocardial position from the center of the cardiac base.
Assuming that a line connecting the cardiac apical position
and the center of the cardiac base is defined as a central axis,
it is possible to perform segmentation by segmenting the left
ventricle at predetermined angular intervals around the cen-
tral left ventricle axis with reference to the cardiac base posi-
tion of the initial MPR slices.

[0008] However, the cardiac apical position in the three-
dimensional endocardial surface formed in the above manner
does not always exist at the initial MPR slice positions, but
rather exists at a different position in most cases. This is
because the initial 4-ch view MPR slice used for setting and
defining initial contours and segmentation does not some-
times include the cardiac apical position in an extracted
endocardial surface.

[0009] In addition, the surfaces C are set to make the initial
surface C positions coincide with approximate apical, mid,
and base positions when viewed from a slices perpendicular
to the approximate 4-ch view described above. However,
there is no guarantee that even the surfaces C set in this
manner correctly match the segment positions after the above
segmentation.

[0010] Furthermore, the heart undergoes shortening
between an end-diastolic period and an end-systolic period. It
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is therefore difficult to optimize surface C positions in
advance (before segmentation) so as to make them always
coincide with the apical, mid, and base positions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1is ablock diagram showing the arrangement
of an ultrasonic diagnosis apparatus 11 according to an
embodiment;

[0012] FIG. 2 is a flowchart showing a processing (MPR
slice optimization processing) procedure based on the MPR
slice optimization function of this embodiment;

[0013] FIG. 3 is view showing, at (a) and (b), an example in
which the positions of slices A and B are shifted from the
cardiac apical position;

[0014] FIG. 4 is view for explaining, at (a) and (b), how the
positions of slices C1, C2, and C3 set in an end-diastolic
period shift outside the respective corresponding segments in
an end-systolic period;

[0015] FIG. 5 is a flowchart showing a procedure for MPR
slice position optimization processing;

[0016] FIG. 6 is a view showing an example of the position
of each of slices A, B, and B' after optimization processing;

[0017] FIG.7 is view showing, at (a) and (b), an example of
the position of each of the slices C1, C2, and C3 after opti-
mization processing in each of end-diastolic and end-systolic
time phases; and

[0018] FIG. 8 shows an example of how all MPR images
including 4-ch view, 2-ch view, 3-ch view, apical, mid, base
images are displayed.

DETAILED DESCRIPTION

[0019] In general, according to one embodiment, there is
provided an ultrasonic diagnosis apparatus comprising a sig-
nal acquisition unit configured to acquire an echo signal asso-
ciated with a three-dimensional region including at least part
ofa heart of an object over a predetermined period by execut-
ing ultrasonic scanning on the three-dimensional region over
the predetermined period, a volume data generating unit con-
figured to generate a plurality of volume data over the prede-
termined period by using the echo signal associated with the
three-dimensional region, a setting unit configured to execute
setting processing of setting a position of at least one MPR
slice relative to volume data, of the plurality of volume data,
which corresponds to a first time phase, and set positions of
MPR slices corresponding to the at least one set MPR slice
with respect to remaining volume data in association with the
setting processing, a segmentation processing unit configured
to execute segmentation to segment at least part of the heart
included in each of the volume data into a plurality of seg-
ments by using the at least one of the set MPR slices, a
tracking processing unit configured to execute three-dimen-
sional tracking processing by using the plurality of volume
data, and an optimization unit configured to optimize the
position of the MPR slice, in the plurality of volume data,
which is set in a predetermined time phase, based on the
positions of the plurality of segments, and optimize positions
of'the MPR slices set for the remaining volume data in asso-
ciation with the optimization.

[0020] The first embodiment of the present invention will
be described below with reference to the views of the accom-
panying drawing. Note that the same reference numerals
denote constituent elements having almost the same func-
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tions and arrangements in the following description, and a
repetitive description will be made only when required.
[0021] FIG. 1is ablock diagram showing the arrangement
of an ultrasonic diagnosis apparatus 11 according to this
embodiment. As shown in FIG. 1, the ultrasonic diagnosis
apparatus 11 includes an ultrasonic probe 12, an input device
13, a monitor 14, an ultrasonic transmission unit 21, an ultra-
sonic reception unit 22, a B-mode processing unit 23, a Dop-
pler processing unit 24, an image generating unit 25, an image
memory 26, an image combining unit 27, a control processor
(CPU) 28, an internal storage unit 29, and an interface unit 30.
The function of each constituent element will be described
below.

[0022] The ultrasonic probe 12 includes a plurality of
piezoelectric transducers which generate ultrasonic waves
based on driving signals from the ultrasonic transmission unit
21 and convert reflected waves from an object into electrical
signals, a matching layer provided for the piezoelectric trans-
ducers, and a backing member which prevents ultrasonic
waves from propagating backward from the piezoelectric
transducers. When the ultrasonic probe 12 transmits an ultra-
sonic wave to an object P, the transmitted ultrasonic wave is
sequentially reflected by a discontinuity surface of acoustic
impedance of internal body tissue, and is received as an echo
signal by the ultrasonic probe 12. The amplitude of this echo
signal depends on an acoustic impedance difference on the
discontinuity surface by which the echo signal is reflected.
The echo produced when a transmitted ultrasonic pulse is
reflected by a moving blood flow, cardiac wall, or the like is
subjected to a frequency shift depending on the velocity com-
ponent of the moving body in the ultrasonic transmission
direction due to a Doppler effect.

[0023] The ultrasonic probe 12 of this ultrasonic apparatus
may be a probe capable of performing ultrasonic scanning on
a three-dimensional region of an object. In this case, the
ultrasonic probe 12 has, for example, an arrangement to per-
form ultrasonic scanning on a three-dimensional region by
mechanically swinging transducers along a direction perpen-
dicular to the array direction of the transducers or an arrange-
ment to perform ultrasonic scanning on a three-dimensional
region by electrical control using two-dimensional transduc-
ers arrayed two-dimensionally. When the ultrasonic probe 12
adopts the former arrangement, the swinging circuit (swing-
ing mechanism) performs three-dimensional scanning on the
object. An examiner can therefore automatically acquire a
plurality of two-dimensional tomograms by only bringing the
probe body into contact with the object. It is also possible to
detect the accurate distance between slices from a controlled
swinging velocity. When the ultrasonic probe 12 adopts the
latter arrangement, it is theoretically possible to perform
ultrasonic scanning on a three-dimensional region in the same
time as that required to acquire a conventional two-dimen-
sional tomogram.

[0024] The input device 13 includes various types of
switches, buttons, a trackball, a mouse, and a keyboard which
are used to input, to the apparatus body 11, various types of
instructions and conditions, an instruction to set a region of
interest (ROI), various types of image quality condition set-
ting instructions, and the like from an operator. When, for
example, the operator operates the end button or FREEZE
button of the input device 13, the transmission/reception of
ultrasonic waves is terminated, and the ultrasonic diagnostic
apparatus is set in a temporary stop state. When the operator
issues an instruction to move the MPR slice via the input
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device 13, the MPR slice moves in response to the instruction.
The input device 13 also includes a user interface for moving
slices C1, C2, and C3 in the optimization of MPR slices (to be
described later).

[0025] Themonitor 14 displays morphological information
(general B mode images) in the living body, blood flow infor-
mation (average velocity images, variance images, power
images, and the like), broadband ultrasonic images, narrow-
band ultrasonic images, ultrasonic images of arbitrary slices,
and the like in a predetermined form based on video signals
from the image generating unit 25.

[0026] The ultrasonic transmission unit 21 includes a trig-
ger generating circuit, delay circuit, and pulser circuit (none
of which are shown). The pulser circuit repeatedly generates
rate pulses for the formation of transmission ultrasonic waves
ata predetermined rate frequency fr Hz (period: 1/fr sec). The
delay circuit gives each rate pulse the delay time required to
focus ultrasonic waves into a beam for each channel and
determine a transmission directivity. The trigger generating
circuit applies a driving pulse to the probe 12 at the timing
based on this rate pulse.

[0027] Theultrasonic transmissionunit 21 has a function of
instantly changing a transmission frequency, transmission
driving voltage, or the like to execute a predetermined scan
sequence in accordance with an instruction from the control
processor 28. In particular, the function of changing a trans-
mission driving voltage is implemented by a linear amplifier
type transmission circuit capable of instantly switching its
value or a mechanism of electrically switching a plurality of
power supply units.

[0028] The ultrasonic reception unit 22 includes an ampli-
fier circuit, A/D converter, and adder (none of which are
shown). The amplifier circuit amplifies an echo signal
received via the probe 12 for each channel. The A/D converter
gives the amplified echo signals delay times necessary to
determine reception directivities. The adder then performs
addition processing. With this addition, the reflection com-
ponent of the echo signal from the direction corresponding to
the reception directivity is enhanced, and a synthetic beam for
ultrasonic transmission/reception is formed in accordance
with the reception directivity and transmission directivity.
[0029] The B-mode processing unit 23 receives the echo
signal from the ultrasonic reception unit 22, and generates
data whose signal intensity is represented by a brightness
level. The B-mode processing unit 23 transmits this data to
the image generating unit 25. The monitor 14 then displays
the data as a B mode image representing the intensity of a
reflected wave as a brightness.

[0030] The Doppler processing unit 24 frequency-analyzes
velocity information from the echo signal received from the
ultrasonic reception unit 22 to extract a blood flow, tissue, and
contrast medium echo component by the Doppler effect, and
obtains blood flow information such as an average velocity,
variance, and power at multiple points.

[0031] Theimage generating unit 25 generally generates an
ultrasonic diagnosis image as a display image by converting
the scanning line signal string for ultrasonic scanning into a
scanning line signal string in a general video format typified
by a TV format. The image generating unit 25 also executes
processing (MPR slice optimization processing) for MPR
slices (to be described later) under the control of the CPU 28.
[0032] The image combining unit 27 combines the image
received from the image generating unit 25 or an image
memory 26 with character information of various types of
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parameters, scale marks, and the like, and outputs the result-
ant signal as a video signal to the monitor 14.

[0033] The control processor 28 has a function as an infor-
mation processing apparatus (computer) and controls the
operation of the main body of the this ultrasonic diagnosis
apparatus. The control processor 28 reads out a dedicated
program for implementing the MPR slice optimization func-
tion (to be described later) and a control program for execut-
ing a predetermined scan sequence from the internal storage
unit 29, expands the programs in the memory which the
processor has, and executes computation/control and the like
associated with various kinds of processing.

[0034] The internal storage unit 29 stores a predetermined
scan sequence for acquiring a plurality of volume data by
setting different field angles, a dedicated program for imple-
menting the MPR slice optimization function (to be described
later), control programs for executing image generation and
display processing, diagnosis information (patient ID, find-
ings by doctors, and the like), a diagnosis protocol, transmis-
sion/reception conditions, a body mark generation program,
and other data. This storage unit is also used to store images
in the image memory 26, as needed. It is possible to transfer
data in the internal storage unit 29 to an external peripheral
device via the interface unit 30.

[0035] The interface unit 30 is an interface associated with
the input device 13, a network, and a new external storage
device (not shown). The interface unit 30 can transfer data
such as ultrasonic images, analysis results, and the like
obtained by this apparatus to another apparatus via a network.

(MPR Slice Optimization Function)

[0036] The MPR slice optimization function of this ultra-
sonic diagnosis apparatus will be described next. This func-
tion serves to optimize MPR slices when the apparatus per-
forms, for example, three-dimensional cardiac tracking
processing, by allowing to adjust the MPR slices set in vol-
ume data in a reference time phase (for example, the initial
time phase) of volume data in a plurality of time phases over
a period of one or more heartbeats, at an arbitrary timing,
relative to the positions of the respective segments of the
cardiac wall which are obtained by segmentation processing.
[0037] FIG. 2 is a flowchart showing a processing (MPR
slice optimization processing) procedure based on this MPR
slice optimization function. The contents of each step
executed in the MPR slice optimization processing will be
described with reference to FIG. 2.

[Inputting of Patient Information and Selection of Transmis-
sion/Reception Conditions and the Like: Step S1]

[0038] The operator inputs patient information and selects
transmission/reception conditions (a field angle, focal posi-
tion, transmission voltage, and the like), a scan sequence for
ultrasonic scanning on a three-dimensional region including
the heart of an object over a predetermined period, and the
like via the input device 13 (step S1). The internal storage unit
29 automatically stores various kinds of input and selected
information, conditions, and the like.

[Acquisition of Volume Data Over Predetermined Period:
Step S2]

[0039] The control processor 28 executes real-time three-
dimensional ultrasonic scanning (four-dimensional scan-
ning) on the three-dimensional region including the heart of
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the object as a region to be scanned (step S2). More specifi-
cally, the control processor 28 scans, for example, a desired
observation region of the heart of the object, that is, the
three-dimensional region including the heart, with ultrasonic
waves at a given time ti as a reference (initial time phase) by
using a two-dimensional array probe or swinging probe. With
this four-dimensional scanning, the control processor 28
acquires an echo signal in a time sequence (at least one
heartbeat) from the three-dimensional region including the
heart.

[0040] Note that four-dimensional scanning in step S2 is
generally executed in synchronism with a biological signal
suchas an ECG. The above description about step S2 has been
made on the case of sequentially repeating real-time three-
dimensional ultrasonic scanning. In contrast to this, it is pos-
sible to acquire full-volume data for each time phase by
segmenting the heart into a plurality of sub-volumes, acquir-
ing data corresponding to various kinds of cardiac time
phases concerning the respective sub-volumes by ultrasonic
scanning on the respective sub-volumes in synchronism with
a biological signal such as an ECG, and combining the
acquired data posteriori.

[0041] In step S2, the control processor 28 sequentially
sends each echo signal acquired in step S2 to the B-mode
processing unit 23 via the ultrasonic reception unit 22. The
B-mode processing unit 23 executes logarithmic amplifica-
tion, envelope detection processing, and the like for each
signal to generate image data whose signal intensity is
expressed by a luminance level.

[Generation of Time-Series Volume Data: Step S3]

[0042] The image generating unit 25 reconstructs a plural-
ity of time-series volume data by performing coordinate con-
version for the generated time-series image data of the three-
dimensional region including the heart from the real spatial
coordinate system (that is, the coordinate system by which the
plurality of scan slice image data are defined) into a volume
data spatial coordinate system, and performing interpolation
processing (step S3).

[Generation/Display of MPR Images: Step S4]

[0043] The control processor 28 automatically sets slices
A, B, C1, C2, and C3 in accordance with the reference slices
in a cardiac examination by using a predetermined automatic
slice detection method. As an automatic slice detection
method to be used, it is possible to use, for example, a tech-
nique using image pattern recognition of reference slices and
pattern matching in a cardiac examination or the technique
disclosed in “IEEE Conference on Computer Vision and Pat-
tern Recognition, vol. 2, pp. 1559-1565 and the like. The
image generating unit 25 generates MPR images respectively
corresponding to the slices A, B, C1, C2, and C3 detected in
step S4. The monitor 14 displays the generated MPR images
in, for example, the form shown in FIG. 3 (step S4). The user
can determine, while observing each displayed MPR image,
whether the slices A, B, C1, C2, and C3 respectively match
the reference slices.

[0044] Note that reference slices in a cardiac examination
are slices complying with desired specifications and refer-
ences, and include, for example, long-axis slices passing
through a central cardiac chamber axis (a long-axis four-
chamber slice (4-ch view), long-axis two-chamber slice (2-ch
view), long-axis three-chamber slice (3-ch view), and the
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like), short-axis slices (SAXA, SAXM, and SAXB) perpen-
dicular to the long-axis slices, and slices defined by predeter-
mined positional relationships with the slices. Assume that
the positions of the slices A, B, C1, C2, and C3 are set in
volume data corresponding to each time phase.

[Adjustment of MPR Slices: Step S5]

[0045] The control processor 28 then adjusts the positions
of'the MPR slices in response to an instruction input from the
input device 13 so as to match the MPR slices with the
reference slices (step S5). That is, the user inputs the changed
positions of the respective MPR slices via the input device 13
so as to make, for example, the slices A, B, C1, C2, and C3
become a 4-ch view, 2-ch view, SAXA, SAXM, and SAXB as
reference slices while observing volume rendering images
and MPR images generated by using volume data corre-
sponding to a predetermined time phase (for example, an
end-diastolic phase). The control processor 28 moves the
respective MPR slices to the changed positions input from the
input device 13. The image generating unit 25 further gener-
ates a plurality of MPR images corresponding to the plurality
of MPR slices after the movement. The monitor 14 displays
the respective generated MPR images in a predetermined
form.

[Setting of Initial Contours on Reference MPR Slices: Step
S6]

[0046] The control processor 28 sets the initial contours of
the endocardial surface on reference slices (a 4-ch view and
2-chview inthis case) in response to an instruction input from
the input device 13. Using, for example, the ACT method or
the like allows to perform this initial setting by inputting three
points per slice. However, this embodiment is not limited to
this, and it is possible to perform precise input operation for
each local region.

[Detection of Three-Dimensional Endocardial Surface: Step
S7]

[0047] The control processor 28 then extracts a three-di-
mensional endocardial surface with reference to the initial
contours set in step S6. The extraction algorithm to be used is
not specifically limited, and any method can be used.

[Determination of Tracking Points and Segmentation: Step
S8]

[0048] The control processor 28 then performs segmenta-
tion and arranges tracking points on the detected three-di-
mensional endocardial surface (step S8).

[0049] That is, first of all, the control processor 28 calcu-
lates the area centroid of the endocardial contours (annulus
region contours) of the cardiac base, and defines it as a central
left ventricle axis. Note that such a definition of the central left
ventricle axis is merely an example. As another example, it is
possible to define the intersection point of the 4-ch view and
2-ch view of the cardiac base as a central left ventricle axis.
The control processor 28 then calculates the remotest
endocardial position from the center of the cardiac base, and
defines it as a cardiac apical position. The control processor
28 calculates a line connecting the center of the cardiac base
and the cardiac apical position, and defines the line as a
central axis. The control processor 28 also defines all the
segments of the three-dimensional endocardial surface by
segmenting the left ventricle at predetermined angular inter-
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vals around the central left ventricle axis with reference to the
base position of the 4-ch view as the central position between
the septal and lateral segments of 16 ASE segments. The
control processor 28 can arrange three-dimensional tracking
points on the three-dimensional endocardial surface by
arranging the points at equal intervals toward the cardiac
base, with the cardiac apical position being the center.
[0050] Note that it is easy to implement segmentation with
another segment allocation such as allocation of 17 segments.
At this point of time, it is possible to define the positional
relationship between the defined positions of the segments
and the positions of the 4-ch view and ch view displayed on
the MPR slices A and B.

[Three-Dimensional Tracking Processing/Various Kinds of
Analyses: Step S9]

[0051] The control processor 28 then calculates motion
vectors by three-dimensional tracking speckle patterns of
three-dimensional images in chronological order by using the
set tracking points. The control processor 28 then moves the
tracking points in the initial time phase by using the motion
vectors, and detects the three-dimensional motion of the
endocardium (or as well as of the epicardium). The control
processor 28 also analyzes various kinds of quantitative
parameters such as a displacement and strain by using the
contour data of each frame and the like.

[0052] Note that tracking the respective tracking points isto
track the three-dimensional motion of the endocardial surface
(epicardial surface) of the cardiac muscle, so that the respec-
tive segments deform accordingly. In general, each segment
repeatedly deforms for each cardiac cycle in such a manner
that its size is maximized in each end-diastolic period and
minimized in each end-systolic period. Consequently, each
MPR slice defined above changes its position relative to the
segment to be displayed in accordance with this deformation.

[Optimization of MPR Slice Positions: Step S10]

[0053] At the stage before optimization in step S10, as
shown in, for example, FIGS. 3(a) and 3(5), the slices A and
B are sometimes positioned not to pass through the cardiac
apical position. In addition, the slice B is adjusted in initial
setting to a position where it is perpendicular to the slice A for
initial contour setting. In this case, however, the slice B is
positioned near a segment boundary.

[0054] In addition, the heart generally undergoes expan-
sion/contraction in the longitudinal direction, which is called
shortening, in a cardiac cycle. For this reason, the three levels
(Apical, Mid, and Base) obtained by segmentation also
change. For example, the positions of the slices C1, C2, and
C3 setin the initial time phase (end-diastolic period) as shown
in FIG. 4(a) sometimes shift outside the respective corre-
sponding segments in an end-systolic period as shown in FIG.
4(b).

[0055] The control processor 28 executes MPR slice posi-
tion optimization processing in response to an instruction
input from the input device 13 (step S10). The control pro-
cessor 28 may execute the MPR slice position optimization
processing automatically at a predetermined timing.

[0056] FIG.5 is a flowchart showing a procedure for MPR
slice position optimization processing. First of all, the control
processor 28 moves the slice A to a plane passing through a
total of three points including the base points (two points) and
an apex point (one point) (step S10a). The control processor
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28 may perform this movement at the timing of receiving an
instruction from the input device 13 or may automatically
perform the movement at a predetermined timing using the
base and apex points calculated in step S8.

[0057] The control processor 28 then sets the slice B at the
2-ch view position, that is, the central position between the
segments on the front wall and the lower wall (step S105).
More specifically, the control processor 28 sets the slice B at
the position spaced apart from the slice A by 270° around the
central left ventricle axis. The control processor 28 can also
set aslice B' at the 3-ch view position, as needed. In this case,
the control processor 28 sets the slice B at the position spaced
apart from the slice A by 60° around the central left ventricle
axis. With this setting, as shown in, for example, FIG. 6, it is
possible to optimize the positions of the slices A and B (or B")
so as to make them pass through the corresponding segments,
respectively, and intersect at the apex point.

[0058] Note that in order to reduce variations in cardiac
apical position, it is more preferable to optimize the slices A
and B by extracting a cardiac apical position in each time
phase and setting it at the position (center of movement)
where the variance is minimum.

[0059] It is generally assumed that the cardiac apical posi-
tion also moves in a cardiac cycle. Therefore, the results
obtained by optimizing the slices A and B in this step slightly
differ from each other depending on the cardiac time phases
in which optimization is executed. In this embodiment,
although a cardiac time phase in which a cardiac apical posi-
tion is defined is not specifically limited, assume that the
slices A and B are optimized in an end-diastolic period or an
end-systolic period or at a time point corresponding to 50% of
a diastolic period. However, it is possible to optimize MPR
slices in a time phase corresponding to an analysis result
which is to be displayed or an arbitrary time phase selected by
the operator, without being limited to the above time phase.
Possible user interfaces in these cases may include a form of
selecting a desired time phase on, for example, an ECG wave-
form via the input device 13 and a form of selecting a desired
time phase such as “end-diastolic period”, “end-systolic
period”, or “diastolic period” and inputting a numerical value
such as “time point: 50% of” the selected period via the input
device 13.

[0060] The control processor 28 then optimizes the slices
C1,C2, and C3 at, for example, the segment central positions
at the respective levels in an end-systolic period (step S10c¢).
More specifically, the control processor 28 calculates the
central positions of the respective segments at the respective
levels (Apical, Mid, and Base) in an end-systolic time phase,
and moves the slices C1, C2, and C3 so as to include the
calculated central positions. The control processor 28 further
sets the optimized positions of the slices A, B, C1, C2, and C3
for the volume data corresponding to the remaining time
phases.

[0061] Note that a plane including the central position of
each segment at each level is a curved surface instead of a flat
surface according to a detailed calculation. This surface may
be defined as a flat surface by selecting three points of the
central points of the respective segments and calculating a flat
surface including the selected three points.

[0062] The positions of slices are set in an end-systolic
period in the above manner for the following reason. In an
end-systolic period, the base position shifts outside the seg-
ments. Itis more preferable to move the positions of the slices
C1, C2, and C3 dynamically in accordance with changes
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within a cardiac cycle. This, however, complicates the means
for implementation. It is important in this embodiment to
make the slices C1, C2, and C3 keep capturing the same
segment in a cardiac cycle. From this point of view, the
respective slice positions are set at the central positions at the
respective levels in an end-systolic period. Setting the respec-
tive positions in this manner allows the slices C1, C2, and C3
to keep capturing the same segment in either of end-diastolic
and end-systolic time phases, as shown in FIGS. 7(a) and
7(b).

[0063] The use of an end-systolic period is, however,
merely an example. According to another example, for
example, itis possible to re-set the slices C1, C2, and C3 at the
centers at the respective segment levels in predetermined time
phases corresponding to an end-diastolic period and 50% of a
diastolic period so as to balance the overall cardiac time
phases. However, this embodiment is not limited to such time
phases. It is possible to optimize MPR slices in a time phase
corresponding to an analysis result which is to be displayed or
an arbitrary time phase selected by the operator. It is also
possible to select different time phases for the respective
slices C1, C2, and C3 and adjust the positions of the slices C1,
C2, and C3 in each of the selected time phases.

[0064] In the above case, the slices C1, C2, and C3 are
automatically moved in a desired time phase so as to include
the central positions of the respective segments. However,
this embodiment is not limited to this example. For example,
it is possible to move the slices C1, C2, and C3 to arbitrary
positions in the respective corresponding segments by
manual operation such as drag-and-drop via the input device
13. Alternatively, it is possible to input, via the input device
13, adesired condition such as “to move the slice C1 upward”,
“to move the slice C1 downward”, or “to set the slice C1 at a
position located above the bottom of the segment and corre-
sponding to 30% of its length, when the length of the segment
in the longitudinal direction is 100% (that is, to set the slice
C1 based on a ratio to the segment)”. The control processor 28
calculates the positions to which the respective slices should
be moved, based on an input instruction, and moves the slices
C1, C2, and C3 so as to make them pass through the calcu-
lated positions.

[0065] According to the above description, the control pro-
cessor 28 has executed the MPR slice optimization in step
S10 after the analysis processing in step S9. However, the
timing of MPR slice optimization is not limited to this. For
example, it is possible to execute the optimization after the
segmentation processing in step S8 or execute the optimiza-
tion in two steps after segmentation processing and analysis
processing.

[Display of Analysis Result Obtained in Each Time Phase:
Step S11]

[0066] The control processor 28 superimposes an analysis
result obtained in each cardiac time phase on each MPR
image corresponding to each optimized MPR slice and dis-
plays the resultant image (step S11).

(Modification)

[0067] The above embodiment has exemplified the case in
which the slice A is set at the 4-ch view position, the slice B
is set at the 2-ch view or 3-ch view position, and the slices C1,
C2, and C3 are respectively set at the apical, mid, and base
positions. However, it is possible to display all MPR images
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including 4-ch view, 2-ch view, 3-ch view, apical, mid, and
base images, or to display any one of 4-ch view, 2-ch view,
3-ch view, apical, mid, and base images or MPR images
corresponding to two slices C. Note that FIG. 8 shows a case
in which all MPR images including 4-ch view, 2-ch view, 3-ch
view, apical, mid, and base images are displayed.

(Effects)

[0068] The above arrangement can obtain the following
effects.

[0069] When performing three-dimensional tracking pro-

cessing by using three-dimensional image data correspond-
ing to one or more cardiac cycle of the heart and analyzing
various kinds of motion information, this ultrasonic diagnosis
apparatus performs segmentation using each MPR slice on
which an initial contour set before analysis and can readjust
the position of each MPR slice with reference to the position
of each segment obtained by segmentation. For example,
therefore, this apparatus can easily and quickly optimize the
positions of the respective slices so as to make the slices A and
B include the cardiac apical position in an extracted endocar-
dial surface and to properly match the slices C1, C2, and C3
with the segment positions after segmentation while keeping
capturing the same segments in any time phases including an
end-diastolic period and an end-systolic period.

[0070] According to this ultrasonic diagnosis apparatus,
the operator need not adjust the positions of MPR slices on
which analysis results after three-dimensional tracking pro-
cessing are observed, for each slice, while seeing the results.
Therefore, when observing analysis results on various kinds
of motion information obtained by three-dimensional track-
ing processing upon superimposing and displaying the results
on MPR images, it is possible to quickly and easily superim-
pose and display the analysis result for each segment on a
corresponding MPR image whose position has been opti-
mized.

[0071] Note that the present invention is not limited to the
above embodiments, and constituent elements can be vari-
ously modified and embodied at the execution stage within
the spirit and scope of the invention. The following are con-
crete modifications.

[0072] (1) Each function associated with each embodiment
can also be implemented by installing programs for executing
the corresponding processing in a computer such as a work-
station and expanding 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®) disks,
hard disks, and the like), optical disks (CD-ROMs, DVDs,
and the like), and semiconductor memories.

[0073] (2) The above embodiment described above has
exemplified the case in which segmentation is performed for
the left ventricle. Obviously, however, this embodiment is not
limited to this and can be effectively applied to three-dimen-
sional tracking processing for regions other than the left ven-
tricle.

[0074] (3) The above embodiment described above has
exemplified the case in which MPR slice optimization is
applied in three-dimensional tracking processing for the heart
using the ultrasonic diagnosis apparatus. However, the
embodiment is not limited to three-dimensional tracking pro-
cessing for the heart by using the ultrasonic diagnosis appa-
ratus, and this MPR slice optimization function can also be
applied to a case in which three-dimensional tracking pro-
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cessing for the heart is performed by using other medical
diagnosis apparatuses such as an X-ray computed tomo-
graphic apparatus, magnetic resonance imaging apparatus,
and X-ray diagnosis apparatus.

[0075] Various inventions can be formed by proper combi-
nations of a plurality of constituent elements disclosed in the
above embodiments. For example, several constituent ele-
ments may be omitted from all the constituent elements in
each embodiment. In addition, constituent elements of the
different embodiments may be combined as needed.

[0076] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

‘What is claimed is:

1. An ultrasonic diagnosis apparatus comprising:

a signal acquisition unit configured to acquire an echo
signal associated with a three-dimensional region
including at least part of a heart of an object over a
predetermined period by executing ultrasonic scanning
on the three-dimensional region over the predetermined
period;

a volume data generating unit configured to generate a
plurality of volume data over the predetermined period
by using the echo signal associated with the three-di-
mensional region;

a setting unit configured to execute setting processing of
setting a position of at least one MPR slice relative to
volume data, of the plurality of volume data, which
corresponds to a first time phase, and set positions of
MPR slices corresponding to the at least one set MPR
slice with respect to remaining volume data in associa-
tion with the setting processing;

a segmentation processing unit configured to execute seg-
mentation to segment at least part of the heart included in
each of the volume data into a plurality of segments by
using the at least one of the set MPR slices;

a tracking processing unit configured to execute three-
dimensional tracking processing by using the plurality
of volume data; and

an optimization unit configured to optimize the position of
the MPR slice, in the plurality of volume data, which is
set in a predetermined time phase, based on the positions
of the plurality of segments, and optimize positions of
the MPR slices set for the remaining volume data in
association with the optimization.

2. The apparatus according to claim 1, wherein said opti-
mization unit optimizes the position of the MPR slice for
volume data, of the plurality of volume data, which corre-
sponds to an end-systolic period.

3. The apparatus according to claim 1, wherein said opti-
mization unit optimizes the position of the MPR slice for
volume data, of the plurality of volume data, which corre-
sponds a predetermined time phase between an end-diastolic
period and an end-systolic period.

4. The apparatus according to claim 1, wherein the optimi-
zation unit optimizes the position of each of the MPR slices
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set in a time phase selected for each MPR slice when not less
than two MPR slices are set for volume data corresponding to
the first time phase.

5. The apparatus according to claim 1, wherein said opti-
mization unit optimizes the position of each of the MPR slices
set in the same time phase when not less than two MPR slices
are set for volume data corresponding to the first time phase.

6. The apparatus according to claim 1, wherein said opti-
mization unit optimizes the position of each of the set MPR
slices based on a position of a structural feature point of the
heart which is specified by using volume data corresponding
to the predetermined time phase.

7. The apparatus according to claim 1, which further com-
prises an input unit configured to input a changed position of
the MPR slice in the volume data corresponding to the pre-
determined time phase by manual operation, and in which

the optimization unit optimizes the set position of the MPR
slice based on the input changed position.

8. The apparatus according to claim 1, which further com-
prises an input unit configured to input a changed position of
the MPR slice in the volume data corresponding to the pre-
determined time phase based on a ratio to the plurality of
segments, and in which

the optimization unit optimizes the set position of the MPR
slice based on the input changed position.

9. The apparatus according to claim 1, which further com-
prises an input unit configured to input vertical movement of
the MPR slice relative to the plurality of segments in the
volume data corresponding to the predetermined time phase,
in which

the optimization unit optimizes the set position of the MPR
slice based on an input from the input unit.

10. An ultrasonic image processing apparatus comprising:

a storage unit configured to store a plurality of volume data
over a predetermined period which are acquired by
executing ultrasonic scanning on a three-dimensional
region including at least part of a heart of an object over
the predetermined period;

a setting unit configured to execute setting processing of
setting a position of at least one MPR slice relative to
volume data, of the plurality of volume data, which
corresponds to a first time phase, and set positions of
MPR slices corresponding to the at least one set MPR
slice with respect to remaining volume data in associa-
tion with the setting processing;

a segmentation processing unit configured to execute seg-
mentation to segment at least part of the heart included in
each of the volume data into a plurality of segments by
using the at least one of the set MPR slices;

a tracking processing unit configured to execute three-
dimensional tracking processing by using the plurality
of volume data; and

an optimization unit configured to optimize the position of
the MPR slice, in the plurality of volume data, which is
set in a predetermined time phase, based on the positions
of the plurality of segments, and optimize positions of
the MPR slices set for the remaining volume data in
association with the optimization.

11. The apparatus according to claim 10, wherein said
optimization unit optimizes the position of the MPR slice for
volume data, of the plurality of volume data, which corre-
sponds to an end-systolic period.

12. The apparatus according to claim 10, wherein said
optimization unit optimizes the position of the MPR slice for
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volume data, of the plurality of volume data, which corre-
sponds a predetermined time phase between an end-diastolic
period and an end-systolic period.

13. The apparatus according to claim 10, wherein the opti-
mization unit optimizes the position of each of the MPR slices
set in a time phase selected for each MPR slice when not less
than two MPR slices are set for volume data corresponding to
the first time phase.

14. The apparatus according to claim 10, wherein said
optimization unit optimizes the position of each of the MPR
slices set in the same time phase when not less than two MPR
slices are set for volume data corresponding to the first time
phase.

15. The apparatus according to claim 10, wherein said
optimization unit optimizes the position of each of the set
MPR slices based on a position of a structural feature point of
the heart which is specified by using volume data correspond-
ing to the predetermined time phase.

16. The apparatus according to claim 10, which further
comprises an input unit configured to input a changed posi-
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tion of the MPR slice in the volume data corresponding to the

predetermined time phase by manual operation, and in which

the optimization unit optimizes the set position of the MPR
slice based on the input changed position.

17. The apparatus according to claim 10, which further
comprises an input unit configured to input a changed posi-
tion of the MPR slice in the volume data corresponding to the
predetermined time phase based on a ratio to the plurality of
segments, and in which

the optimization unit optimizes the set position of the MPR

slice based on the input changed position.

18. The apparatus according to claim 10, which further
comprises an input unit configured to input vertical move-
ment of the MPR slice relative to the plurality of segments in
the volume data corresponding to the predetermined time
phase, in which

the optimization unit optimizes the set position of the MPR

slice based on an input from the input unit.
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