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ULTRASOUND IMAGE PROCESSING
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound image
processing apparatus, and in particular, to a device which
executes a correlation calculation between image data.

BACKGROUND ART

[0002] An ultrasound image processing apparatus and an
ultrasound diagnostic apparatus are known which execute a
correlation calculation on image data of ultrasound images
obtained by transmitting and receiving ultrasound. For
example, Patent Documents 1 and 2 disclose epoch-making
techniques in which a motion of a cardiac muscle 1s traced
over a plurality of frames by pattern matching based on the
correlation calculation. In addition, techniques for forming a
panorama image by partially overlapping, by pattern match-
ing, a plurality of sets of image data obtained while a probe is
moved.

[0003] In the pattern matching between image data, for
example, atemplate is set at a location of interest in one of the
sets of image data, and a correlation of the image data in the
template is calculated while the template is moved in the other
set of image data. A position of the template in the other set of
image data having the largest similarly is set as a position
corresponding to the location of interest.

[0004] With this process, for example, a position corre-
sponding to the location of interest is searched (tracked) over
a plurality of time phases, to enable observation of the move-
ment of the location of interest. For example, a fixed point
which forms a reference point is set, and a distance from the
fixed point is calculated, to enable quantitative evaluation of
the movement of the location of interest.

RELATED ART REFERENCES

Patent Document

[Patent Document 1] JP 2007-130063 A
[Patent Document 2] JP 2007-143606 A

[0005]
[0006]

DISCLOSURE OF INVENTION

Technical Problem

[0007] In view of the related art described above, the
present inventors have researched and developed the correla-
tion calculation between ultrasound image data. In particular,
the present inventors have focused attention in the function to
observe the movement of the location of interest.

[0008] The present invention was made in the course of the
research and development, and an advantage of the present
invention is provision of a technique for appropriately evalu-
ating movement of a set point which is set on a location of
interest.

Solution to Problem

[0009] According to one aspect of the present invention,
there is provided an ultrasound image processing apparatus
comprising an image storage unit which stores ultrasound
image data of a plurality of time phases, an image processor
which searches image data of a search time phase for a move-
ment point corresponding to a set point which is set in image
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data of a reference time phase, based on a correlation calcu-
lation between image data, and a diagnostic information gen-
erator which determines a primary direction of movement of
the set point over a plurality of time phases based on the
movement points searched over a plurality of time phases and
obtains diagnostic information by evaluating the movement
of the set point with the primary direction as a reference.

[0010] According to above-described configuration,
because the movement of the set point is evaluated with the
primary direction of movement over a plurality of phases as a
reference, for example, there can be obtained diagnostic
information in which influence of the movement is relatively
strongly reflected and the movement is sensitively captured.

[0011] According to another aspect of the present inven-
tion, preferably, the diagnostic information generator deter-
mines the primary direction according to a spatial variation of
the movement points searched over a plurality of time phases.

[0012] According to another aspect of the present inven-
tion, preferably, the diagnostic information generator sets a
fixed point which becomes a reference for diagnosis on a line
corresponding to the primary direction.

[0013] According to another aspect of the present inven-
tion, preferably, the diagnostic information generator forms a
displacement waveform showing a change with respect to
time of a distance from the fixed point to the movement point.

[0014] According to another aspect of the present inven-
tion, preferably, the image processor comprises a template
generation function to generate, based on a set point which is
set in the image data of the reference time phase, a template
corresponding to the set point, a search area setting function
to set a search area in the image data of a search time phase,
a correlation calculation function to execute a correlation
calculation for each position in the search area while moving
the template in the search area, based on image data of a
template of the reference time phase and image data overlap-
ping a template of the search time phase, and a weighting
process function to apply a weighting process on a result of
the correlation calculation obtained at each position in the
search area based on the distance from a reference position to
the position, wherein a movement point corresponding to the
set point is searched in the search area based on a result of the
correlation calculation to which the weighting process is
applied.

[0015] According to another aspect of the present inven-
tion, there is provided a program which, when executed,
causes a computer which processes ultrasound image data of
a plurality of time phases to realize an image processing
function to search image data of a search time phase for a
movement point corresponding to a set point which is set in
image data of a reference time phase, based on a correlation
calculation between image data, and a diagnostic information
generating function to determine a primary direction of
movement of the set point over a plurality of time phases
based on the movement points searched over a plurality of
time phases and to obtain diagnostic information by evaluat-
ing the movement of the set point with the primary direction
as a reference.

[0016] The above-described program is stored on a com-
puter-readable storage medium such as, for example, a disk
and a memory, and is provided to a computer through the
storage medium. Alternatively, the program may be provided
to the computer through an electrical communication line
such as the Internet.
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Advantageous Effects of Invention

[0017] According to various aspects of the present inven-
tion, movement of a set point which is set at a location of
interest can be appropriately evaluated. For example, accord-
ing to a preferred configuration of the present invention,
because movement of the set point is evaluated with the
primary direction of movement over a plurality of time phases
as areference, there can be obtained diagnostic information in
which influence of movement is relatively strongly reflected
and the movement is sensitively captured.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG.1is diagram showing an overall structure of an
ultrasound diagnostic apparatus according to a preferred
embodiment of the present invention.

[0019] FIG. 2 is a diagram for explaining a pattern match-
ing between image data.

[0020] FIG. 3 is a diagram showing an example setting of a
search area according to a position of a movement point.
[0021] FIG. 41s a diagram showing a specific example of a
weighting coefficient used for a weighting process.

[0022] FIG. 51s a flowchart showing a process at a pattern
matching processor.

[0023] FIG. 6 is a diagram for explaining setting of a fixed
point which is used as a reference in diagnosis.

[0024] FIG. 7 is a diagram showing an example display
image including a displacement waveform.

[0025] FIG. 8is a flowchart showing a process performed in
a diagnosis information generator.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0026] FIG.1is diagram showing an overall structure of an
ultrasound diagnostic apparatus preferable in practicing the
present invention. The ultrasound diagnostic apparatus of
FIG. 1 has functions of an ultrasound image processing appa-
ratus according to a preferred embodiment of the present
invention.

[0027] A probe 10 is an ultrasound probe which transmits
and receives ultrasound to and from an area including a target
object such as, for example, a heart and a muscle. The probe
10 comprises a plurality of transducer elements which trans-
mit and receive ultrasound, and transmission of the plurality
of transducer elements is controlled by a transmitting and
receiving unit 12, to form a transmission beam. The plurality
of transducer elements also receive the ultrasound obtained
from the area including the target object, a signal thus
obtained is output to the transmitting and receiving unit 12,
and the transmitting and receiving unit 12 forms a reception
beam, to collect echo data along the reception beam.

[0028] The probe 10 scans the ultrasound beam (transmis-
sion beam and reception beam) in a two-dimensional plane,
and collects the echo data. Alternatively, there may be used a
three-dimensional probe which three-dimensionally scans
the ultrasound beam in a three-dimensional space.

[0029] When the ultrasound beam is scanned in the area
including the target object and the echo data are collected by
the transmitting and receiving unit 12, an image forming unit
20 forms ultrasound image data based on the collected echo
data. The image forming unit 20 forms image data of, for
example, a B mode image. The image forming unit 20 also
forms a plurality of sets of image data corresponding to a
plurality of ultrasound images. For example, the image form-
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ing unit 20 forms a plurality of sets of image data showing the
target object over a plurality of points of time (plurality of
time phases). Alternatively, a plurality of sets of image data
showing the target object at different positions may be formed
while the probe 10 is gradually moved. The plurality of sets of
image data formed by the image forming unit 20 are stored in
an image storage unit 22.

[0030] A pattern matching processor 30 functions as an
image processor which executes the pattern matching
between image data. The pattern matching processor 30 has a
function to generate a template which is set in image data, a
function to set a search area in the image data, a function to
execute a correlation calculation based on the image data in
the template, and a function to apply a weighting process on
a result of the correlation calculation. The pattern matching
processor 30 executes the pattern matching between image
data based on the correlation calculation on the plurality of
sets of image data stored in the image storage unit 22.
[0031] FIG. 2isadiagram for explaining the pattern match-
ing between image data, and shows a process between image
data of a reference time phase and image data of each search
time phase. The image data of the reference time phase and
the image data of the search time phase are, for example,
image data obtained from the same heart at different points of
time. In the pattern matching, first, a set point P is set by a user
such as an inspector in the image data of the reference time
phase, and a template T is set surrounding the set point in the
image data of the reference time phase. FIG. 2 shows a tem-
plate T having a square shape centered at the set point. A size
of the template T in terms of a number of pixels is, for
example, about 20 pixels in the vertical direction and 20
pixels in the horizontal direction. The size, shape, and posi-
tion of the template T are not limited to those of the specific
example configuration of FIG. 2. Alternatively, the size,
shape, and position of the template T may be changed by the
user.

[0032] When the template T1is set, a search area SA is setin
the image data of each search time phase. The search area SA
1s fixedly set, for example, at the same position in the image
data over a plurality of search time phases. In this case, for
example, the size and shape of the search area SA are also
fixedly set. In order to fix the position of the search area SA,
the size (breadth) ofthe search area SA is preferably relatively
large. Alternatively, the entire image data of each search time
phase may be set as the search area SA.

[0033] The search area SA may be set, over a plurality of
search time phases and for each search time phase, to sur-
round a position of a movement point searched in the image
data of the time phase adjacent to the search time phase. In
other words, as will be described later, because a movement
point corresponding to a set point P which is set in the image
data of the reference time phase is searched in the search area
SA which is set for the image data of each search time phase,
when the movement points are sequentially searched over a
plurality of search time phases, the search area SA may be
determined for a certain search time phase using, as a refer-
ence, a movement point which is searched one time phase
prior to that search time phase.

[0034] FIG. 3 is a diagram showing an example setting of
the search area SA corresponding to a position of the move-
ment point. Specifically, a specific example configuration is
shown in which, for each search time phase, the search area
SA of the search time phase is set corresponding to a move-
ment point P' searched in the previous time phase of the
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search time phase. In FIG. 3, a rectangle shown by a dotted
line shows an area corresponding to the template T which is
set in the image data of the reference time phase.

[0035] Inasetting example 1, a rectangular search area SA
centered at the movement point P' searched in the previous
time phase is set, and the area corresponding to the template
T is located within the search area SA.

[0036] Inasetting example 2 also, arectangular search area
SA centered at the movement point P' searched in the previ-
ous time phase is set. However, in this state, the area corre-
sponding to the template T extends beyond the search area
SA. When the template T extends beyond the search area SA
in this manner, the search area SA is expanded such that the
area corresponding to the template T is within the search area
SA. For example, in the setting example 2, an upper side and
a right side are translated to expand the search area SA and
such that the template T is included.

[0037] Inasetting example 3 also, first, a rectangular search
area SA centered at the movement point P' searched in the
previous time phase is set. However, in this state, the area
corresponding to the template T is outside of the search area
SA. When the template T is completely outside of the search
area SA as in this example setting also, the search area SA is
expanded such that the area corresponding to the template T
is within the search area SA. For example, in the setting
example 3, the right side is translated to expand the search
area SA and such that the template T is included.

[0038] Because it is highly likely that the movement point
which is searched is located near the movement point which
is searched in the previous time phase, the search area SA is
set centered at the movement point which is searched in the
previous time phase as in the setting examples shown in FIG.
3, so that the movement point to be originally detected can be
searched even when the search area SA is set relatively nar-
row. In addition, because the search area SA is expanded to
include the area corresponding to the template T of the refer-
ence time phase, even in a case, for example, in which an
organ which involves periodical motion such as a heart is
diagnosed over a plurality of time phases and the organ
returns to the state corresponding to the reference time phase,
an area corresponding to the template T of the reference time
phase can be included as a candidate of the movement point.
[0039] Referring again to FIG. 2, when the template T and
the search area SA are set, the template T is moved in the
search area SA of the image data of each search time phase,
and, at each position, a correlation value is calculated based
on a plurality of pixels within the template T of the image data
of the reference time phase and a plurality of pixels in an area
overlapping the template T of the image data of each search
time phase. For example, a position shown by a dotted rect-
angle in the search area SA in FIG. 2 is set as an initial
position, the template T is moved stepwise from the initial
position in the x direction and the y direction, a correlation
value is calculated at each position, and a plurality of corre-
lation values are calculated corresponding to a plurality of
positions over the entire area in the search area SA.

[0040] Thecorrelation value is a numerical value indicating
a degree of correlation relationship (degree of similarity)
between image data, and, for calculation of the correlation
value, known equations may be used corresponding to each
method of correlation calculation. For example, as in a phase
only correlation or a cross-correlation, a correlation value
which shows a larger value as the degree of similarity
becomes larger may be used, or, as in a minimum-sum abso-
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lute-difference, a correlation value which shows a smaller
value as the degree of similarity becomes larger may be used.
In the present embodiment, a self-correlation value which
shows a smaller value as the degree of similarity becomes
larger is used as a specific example of the correlation value. In
addition, in the present embodiment, a weighting process to
be described later is applied on the result of the correlation
calculation (self-correlation value) obtained in each position
in the search area SA.

[0041] When the self-correlation value after the weighting
process is calculated at each of'a plurality of positions over the
entire area of the search area SA in this manner, a position
having the largest degree of similarity is identified from the
plurality of positions and is set as a movement point which is
a point to which the set point has moved.

[0042] FIG. 4is a diagram showing a specific example of a
weighting coefficient used for the weighting process. A hori-
zontal axis of FIG. 4 represents a distance from a reference
position for each position for which the self-correlation value
is calculated. The reference position is, for example, the posi-
tion of the movement point searched in the previous time
phase (for example, reference numeral P' in FIG. 3) or the
position of the set point which is set in the image data of the
reference time phase (for example, reference numeral Pin
FIG. 2). A vertical axis of FIG. 4 represents a weighting
coefficient. As shown in FIG. 4, a weighting coefficient at a
distance d is k(d).

[0043] Inthe present embodiment, as a specific example of
the correlation value, a self-correlation value which shows a
smaller value as the degree of similarity becomes larger is
used. Thus, in the present embodiment, the weighting coef-
ficient is set smaller foran areacloser to the reference position
having a higher possibility of having a high degree of simi-
larity, and the weighting coefficient is increased as the posi-
tion becomes farther away from the reference position. The
self-correlation value at each position is multiplied by the
weighting coeflicient corresponding to the position, and the
movement point which is a point to which the set point has
moved is searched based on the multiplication result; that is,
the self-correlation value to which the weighting process is
applied.

[0044] With this process, for example, a search in which
more importance is placed on an area near the reference
position expected to have a relatively high degree of correla-
tion can be enabled while reducing overlooking of search by
setting a relatively wide search area. Thus, significant devia-
tion of the searched movement point from the actual moved
point of the set point can be inhibited, and, as a result, the
precision of the search based on the correlation calculation
can be improved.

[0045] The specific example of the weighting coefficient
shown in FIG. 4 is merely exemplary, and, alternatively, for
example, there may be used a weighting coefficient which
non-linearly changes with distance or a weighting coefficient
which stepwise changes (in steps) with distance. When a
correlation value which shows a larger value as the degree of
similarity becomes larger is used, a weighting coefficient
which becomes larger as the position becomes closer to the
reference position and which becomes smaller as the position
becomes farther away from the reference position is prefer-
able.

[0046] FIG. 5 is a flowchart showing a process by the pat-
tern matching processor 30 (FIG. 1). When the user sets a set
point P in the image data of the reference time phase (S501;
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refer to FIG. 2), a template T corresponding to the set point P
is set in the image data of the reference time phase (S502;
refer to FIG. 2).

[0047] Next, a search area SA is set in the image data of
each search time phase (S503; refer to FIGS. 2 and 3), a
template T is set in the search area SA, and a self-correlation
value a is calculated in the position of the template T based on
a plurality of pixels in the template T of the image data of the
reference time phase and a plurality of pixels in an area
overlapping the template T in the image data of each search
time phase (S504).

[0048] Then, a distance d from the reference position to
each position is calculated, a weighting coefficient k(d) for
that position is determined (S505; refer to FIG. 4), the self-
correlation value a is multiplied by the weighting coefficient
k(d), and a self-correlation value a' after the weighting pro-
cess is calculated (S506).

[0049] Itis then checked whether or not the search over the
entire area in the search area SA is completed (8507), and, if
the search is not completed, the process returns to S504, the
template T is moved to a next position, and the processes from
S504 to S506 are executed at the new position.

[0050] When the processes from S504 to S506 are repeat-
edly executed and it is confirmed in S507 that the search over
the entire area in the search area SA is completed, a position,
among all positions in the search area SA, where the self-
correlation value a' after the weighting process is the mini-
mum is identified, and the identified position is set as the
movement point of the set point (S508). In this manner, the
movement point for the image data of each search time phase
is identified.

[0051] It is then checked whether or not a search for all
search time phases is completed (S509). If the search is not
completed, the process returns to S503 and processes related
to the image data of the next search time phase are executed.
When the processes from S503 to S508 are repeatedly
executed and it is confirmed in S509 that the search for all
search time phases is completed, the process at the pattern
matching processor 30 is completed.

[0052] Referring againto FIG. 1, when the search forimage
data of all search time phases is completed at the pattern
matching processor 30, a diagnostic information generator 40
generates diagnostic information related to a target tissue
based on the result of the search. The diagnostic information
generator 40 has a function to set a fixed point which becomes
a reference in the diagnosis, and a function to generate, as
diagnostic information, a displacement waveform related to a
movement point, with the fixed point as a reference. A display
image including the displacement waveform formed in the
diagnostic information generator 40 is displayed on a display
unit 50.

[0053] FIG. 6 is a diagram for explaining setting of a fixed
point which forms a reference in the diagnosis. FIG. 6 shows
movement points P' of a plurality of time phases searched in
the image data over a plurality of search time phases for a
certain set point P.

[0054] The diagnostic information generator 40 (FIG. 1)
determines a primary direction of movement of the set point
P over the plurality of time phases based on the movement
points P' of the plurality of time phases for the set point P. For
example, as shown in FIG. 6, a rectangle R which surrounds
all of the plurality of movement points P' and which circum-
scribes the movement points P' corresponding to the 4 sides is
set, and a major axis passing through the center of the rect-
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angle R is set as the primary direction D. The determination of
the primary direction D is not limited to the method of using
the rectangle R. For example, a known method commonly
referred to as principle component analysis may be used, and
adirection which most clearly represents the spatial variation
of the movement points P" that is, a direction where the
variance of the movement points P' is the maximum, may be
set as the primary direction D.

[0055] The diagnostic information generator 40 then sets a
fixed point F on the determined primary direction D. Alter-
natively, the user may set a provisional fixed point Fin
advance, and the provisional fixed point F may be moved to
the fixed point F determined by the diagnostic information
generator 40. When the fixed point F is set, the diagnostic
information generator 40 calculates a distance from the set
fixed point F to each movement point P', and generates a
displacement waveform representing a change of the distance
over the plurality of time phases.

[0056] FIG. 7 is a diagram showing an example display
image including the displacement waveform. FIG. 7 shows an
example display image obtained when a heart is diagnosed as
the target tissue. The display image of FIG. 7 includes a
tomographic image related to the heart, and 4 set points A, B,
C,and D which are set for the diagnosis of the heart are shown
in the tomographic image.

[0057] For each set point, the movement point is searched
(tracked) over a plurality of time phases, to set the fixed point
F (refer to FIG. 6). In addition, for each set point, a distance
from the fixed point F to each movement point P' (refer to
FIG. 6) is calculated, and a displacement waveform showing
a change of the distance over a plurality of time phases is
generated. FIG. 7 shows an example display image including
displacement waveforms L1, L2, L3, and L4 obtained from
the set points A, B, C, and D, respectively.

[0058] In the present embodiment, because the fixed point
F is set on the primary direction of movement over a plurality
oftime phases, in each displacement waveform obtained with
reference to the fixed point F, an influence of movement of
each set point is relatively strongly reflected and the move-
ment of each set point is relatively sensitively represented.
For the plurality of set points A, B, C, and D, the fixed point
F is desirably set according to a unified reference. For
example, all fixed points F for all set points are set outside of
the cardiac muscle. Alternatively, all fixed points for all set
points may be set inside the cardiac muscle. With this con-
figuration, for the heart which repeats a contraction and
expansion motion as a whole, a transmission status of motion
can be observed based on a time difference of start of motion
at set points A, B, C, and D, and the cardiac muscle can be
diagnosed.

[0059] The example display image shown in FIG. 7 also
includes, as an auxiliary display when the transmission status
of motion is to be observed, a connection curve 104 connect-
ing maximum value points of the displacement waveforms
[1,1.2,1.3, and L4, graphs M1, M2 and M3 representing the
time differences of motion between set points, and a cursor
106 which is used when the user designates a particular time
phase.

[0060] FIG. 8 is a flowchart showing a process in the diag-
nostic information generator 40 (FIG. 1). For a certain set
point, when information of movement points related to all
search time phases is obtained from the pattern matching
processor 30 (FIG. 1) (S801), the primary direction D of
movement over the plurality of time phases for the set point is
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determined based on the plurality of movement points (S802;
refer to FIG. 6), and the fixed point F is set on the primary
direction D (8803, refer to FIG. 6). In the setting of the fixed
point F, the user may designate, on the primary direction D),
an outer side or an inner side of the cardiac muscle, and the
fixed point F may be set according to the designation.
[0061] When the fixed point F is set, a distance between the
fixed point F and each movement point P' is calculated (S804;
refer to FIG. 6), and a displacement waveform representing a
change of distance over a plurality of time phases is generated
(S805). It is then checked whether or not processes for all set
points are completed (S806), and, if the processes are not
completed, the process returns to S801, and the process for
the next set point is executed. When the processes from S801
to S805 are repeatedly executed and it is confirmed in S806
that processes for all set points are completed, the process at
the diagnostic information generator 40 is completed, and the
display image, for example, shown in FIG. 7 is displayed on
the display unit 50 (FIG. 1).

[0062] An ultrasound diagnostic apparatus according to a
preferred embodiment of the present invention has been
described. Alternatively, for example, with programs corre-
sponding to the processes described above and shown in FIG.
5and in FIG. 8, the functions of the pattern matching proces-
sor 30 and the diagnostic information generator 40 shown in
FIG. 1 may be realized on a computer. and the computer may
be functioned as an ultrasound image processing apparatus.
Moreover, the above-described preferred embodiment is
merely exemplary in every aspect, and does not limit the
scope of the present invention thereto. The present invention
includes various modified configurations within the scope of
the essentials thereof.

EXPLANATION OF REFERENCE NUMERALS

[0063] 10 PROBE; 20 IMAGE PROCESSOR; 30 PAT-
TERN MATCHING PROCESSOR; 40 DIAGNOSTIC
INFORMATION GENERATOR
1. An ultrasound image processing apparatus comprising:
an image storage unit which stores ultrasound image data

of a plurality of time phases;
an image processor which searches image data of a search
time phase for a movement point corresponding to a set
point which is set in image data of a reference time
phase, based on a correlation calculation between image
data; and
a diagnostic information generator which determines a
primary direction of movement of the set point over a
plurality of time phases based on the movement points
searched over a plurality of time phases and obtains
diagnostic information by evaluating the movement of
the set point with the primary direction as a reference.
2. The ultrasound image processing apparatus according to
claim 1, wherein
the diagnostic information generator determines the pri-
mary direction according to a spatial variation of the
movement points searched over a plurality of time
phases.
3. The ultrasound image processing apparatus according to
claim 1, wherein
the diagnostic information generator sets a fixed point
which becomes a reference for diagnosis on a line cor-
responding to the primary direction.
4. The ultrasound image processing apparatus according to
claim 2, wherein
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the diagnostic information generator sets a fixed point
which becomes a reference for diagnosis on a line cor-
responding to the primary direction.

5. The ultrasound image processing apparatus according to

claim 3, wherein

the diagnostic information generator forms a displacement
waveform showing a change with respect to time of a
distance from the fixed point to the movement point.

6. The ultrasound image processing apparatus according to

claim 4, wherein

the diagnostic information generator forms a displacement
waveform showing a change with respect to time of a
distance from the fixed point to the movement point.

7. The ultrasound image processing apparatus according to

claim 1, wherein

the image processor comprises:

a template generation function to generate, based on a set
point which is set in the image data of the reference time
phase, a template corresponding to the set point;

a search area setting function to set a search area in the
image data of the search time phase; and

a correlation calculation function to execute a correlation
calculation for each position in the search area while
moving the template in the search area, based on image
data of atemplate of the reference time phase and image
data overlapping a template of the search time phase,
and

a movement point corresponding to the set point is
searched in the search area based on a result of the
correlation calculation.

8. The ultrasound image processing apparatus according to

claim 7, wherein

the diagnostic information generator determines the pri-
mary direction according to a spatial variation of the
movement points searched over a plurality of time
phases, sets a fixed point which becomes a reference for
diagnosis on a line corresponding to the primary direc-
tion, and forms a displacement waveform showing a
change with respect to time of a distance from the fixed
point to the movement point.

9. The ultrasound image processing apparatus according to

claim 1, wherein

the image processor comprises:

a template generation function to generate, based on a set
point which is set in the image data of the reference time
phase, a template corresponding to the set point;

a search area setting function to set a search area in the
image data of the search time phase;

a correlation calculation function to execute a correlation
calculation for each position in the search area while
moving the template in the search area, based on image
data of atemplate of the reference time phase and image
data overlapping a template of the search time phase;
and

a weighting process function to apply a weighting process
on a result of the correlation calculation obtained at each
position in the search area based on a distance from a
reference position to the each position, and

a movement point corresponding to the set point is
searched in the search area based on a result of the
correlation calculation to which the weighting process is
applied.

10. The ultrasound image processing apparatus according

to claim 9, wherein
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the diagnostic information generator determines the pri-
mary direction according to a spatial variation of the
movement points searched over a plurality of time
phases.
11. The ultrasound image processing apparatus according
to claim 10, wherein
the diagnostic information generator sets a fixed point
which becomes a reference for diagnosis on a line cot-
responding to the primary direction.
12. The ultrasound image processing apparatus according
to claim 11, wherein
the diagnostic information generator forms a displacement
waveform showing a change with respect to time of a
distance from the fixed point to the movement point.
13. A computer-readable recording medium recording a
program which, when executed, causes a computer which
processes ultrasound image data of a plurality of time phases,
to realize:
an image processing function to search image data of a
search time phase for a movement point corresponding
to a set point which is set in image data of a reference
time phase, based on a correlation calculation between
image data; and
a diagnostic information generation function to determine
a primary direction of movement of the set point over a
plurality of time phases based on the movement points
searched over a plurality of time phases and to obtain
diagnostic information by evaluating the movement of
the set point with the primary direction as a reference.

® % % % %
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