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IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2003-60876 filed on Mar. 7, 2003; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing
apparatus and a method for aiding diagnosis using medical
images.

2. Description of the Related Art

Change in thickness of cardiac muscle of a heart is a
significant indicator in diagnosis of heart disease such as
myocardial infarction.

As a method for measuring change in thickness of cardiac
muscle, there is a method including acquiring time-series
cross-sectional images of a heart and its vicinity; detecting
an inner boundary and an outer boundary of the cardiac
muscle by image processing; and the calculating thickness
of the cardiac muscle in accordance with each image.

Artifacts, noise, etc. superposed on the images, however,
make it difficult to extract the boundaries of the cardiac
muscle automatically. Therefore, various methods for
extracting the boundaries have been proposed.

U.S. Pat. No. 5,669,382 has disclosed a boundary extrac-
tion method using snake. Snake is a technique for obtaining
a boundary by minimizing the value of an energy function
defined on the basis of conditions such as change in lumi-
nance of an image and smoothness of a boundary surface.

When change in luminance is used, it is however difficult
to detect a boundary low in luminance change.

Taking the case of a heart as an example, an endocardium,
which is an inner boundary of cardiac muscle, is a boundary
between cardiac muscle and blood. Accordingly, in the
endocardium, luminance change is clear even on images
obtained by various image diagnostic systems.

On the other hand, an epicardium, which is an outer
boundary of cardiac muscle, is a boundary between cardiac
muscle and a tissue surrounding the outside of cardiac
muscle. Accordingly, in the epicardium, luminance change
is often obscure on images. For this reason, it is difficult to
extract both the endocardium and the epicardium accurately,
stably and automatically.

JP-A-10-165401 has disclosed a technique in which a
luminance distribution in a direction of wall thickness is
calculated and a position exhibiting n % (e.g., 70 to 80%) of
the maximum luminance is regarded as a boundary position.

Even in this technique, sufficient accuracy cannot be
obtained because there is the possibility that the foot of the
luminance distribution may be extended while it exceeds n
% of the maximum luminance when luminance change in a
boundary and its vicinity is obscure.

BRIEF SUMMARY OF THE INVENTION

Therefore, an object of the invention is to provide an
apparatus and a method in which boundaries of a subject, for
example, boundaries of cardiac muscle in time-series images
of a heart can be obtained stably and accurately even in a
case where luminance change in the boundaries of the
subject is obscure.

According to a first aspect of the invention, an image
processing apparatus includes an image input section, a
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boundary setting section, a normalized-image generating
section, a template storage section, and a boundary retrieval
section. The image input section is configured to input
time-series images obtained by acquiring an image including
a first boundary of a wall and a second boundary of the wall.
The boundary setting section is configured to set the first
boundary and the second boundary in an initial image of the
time-series images. The normalized-image generating sec-
tion is configured to generate a normalized image on the
basis of an image pattern between the set first boundary and
the set second boundary. The template storage section is
configured to store the normalized image generated from the
initial image as a template image. The boundary retrieval
section is configured to search each of time-series images for
the second boundary which generates the most similar
normalized image to the template image.

According to a second aspect of the invention, an image
processing apparatus includes an image input section, a
boundary setting section, a sixth section, a normalized-
image generating section, and a boundary retrieval section.
The image input section is configured to input time-series
images obtained by acquiring an image including a first
boundary of a wall and a second boundary of the wall. The
boundary setting section is configured to set the first bound-
ary and the second boundary in an initial image of the
time-series images, and set boundaries of wall parts into
which the wall is divided in the initial image of time-series
images. The sixth section is configured to obtain local wall
thickness information of each wall part. The normalized-
image generating section is configured to generate a nor-
malized image on the basis of image patterns of the wall
parts. The template storage section is configured to store the
normalized image generated from the initial image as a
template image. The boundary retrieval section is configured
to search each of time-series images for the first boundary
and the second boundary, which generate the most similar
normalized image to the template image.

According to a third aspect of the invention, an image
processing method detects a wall of an internal organ from
time-series images. The method includes inputting time-
series images obtained by acquiring an image including a
first boundary of a wall and a second boundary of the wall,
setting the first boundary in an initial image of the time-
series images, setting the second boundary in the initial
image, generating a normalized image on the basis of an
image pattern between the set first boundary and the set
second boundary from the initial image to store the gener-
ated normalized image as a template image, and searching
each of time-series images for the first boundary and the
second boundary, which generates the most similar normal-
ized image to the template image.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the configuration of an
embodiment of the invention.

FIG. 2 is a flow chart showing a flow of processing in an
embodiment of the invention.

FIG. 3 shows an example of expression of contours.

FIG. 4 is an explanatory view concerning generation of a
normalized image and comparison of the normalized image
with a template image.

FIG. 5 shows an example of expression of boundaries by
small number of parameters.

FIGS. 6A and 6B are graphs for explaining a normalizing
process.
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FIG. 7 is a view for explaining the outline of a active
contour model capable of extracting boundaries while track-
ing local portions of a wall.

FIG. 8 shows an example of display of a heart image in
a gray scale manner according to the thickness of the heart
wall.

DETAILED DESCRIPTION OF THE
INVENTION

An image processing apparatus according to an embodi-
ment of the invention will be described below with reference
to the drawings.

This embodiment is an image processing apparatus for
receiving time-series images output from an image acquiring
device and performing a process of measuring wall thick-
ness change of a subject contained in the image data.
Particularly this embodiment is suitable for measurement of
wall thickness change of a heart wall based on ultrasound
images of the heart, the heart wall being constituted by
cardiac muscle that separates the inside and outside of a
heart from each other.

(Configuration) FIG. 1 is a diagram showing the configu-
ration of this embodiment. The image processing apparatus
according to this embodiment includes an image input
section 101 for inputting time-series heart images obtained
from an external device such as an ultrasound imaging
device, and a memory 102 for storing image data and
intermediate data in the middle of processing.

The image processing apparatus according to this embodi-
ment further includes a boundary setting section 103 for
detecting boundaries of the heart wall semiautomatically on
the basis of luminance information of the image data, and a
normalized-image generating section 104 for generating a
normalized image used for retrieving the boundaries.

The image processing apparatus according to this embodi-
ment further includes a boundary retrieval section 105 for
retrieving the boundaries of the heart wall by comparing the
normalized image obtained from a processed image with a
template image obtained from an initial image, and a param-
eter calculation section 106 for calculating values useful for
diagnosis, such as thickness change of the heart wall, on the
basis of the decided boundaries.

The image processing apparatus according to this embodi-
ment further includes a pointing device 107 used for various
instructing operations (e.g., for setting the boundaries manu-
ally), and an output section 108 for outputting information
such as obtained boundaries, thickness change of the heart
wall, images in the middle of measurement of heart wall
thickness, GUI, etc. to a screen.

The image input section 101 receives images acquired by
the external image acquiring device (such as an ultrasound
image acquiring device, an MRI image acquiring device or
an X-ray image acquiring device). The images received by
the image input sections 101 are frame by frame stored
successively as images 102-1 in the memory 102.

The boundary setting section 103 sets the boundaries of
the heart wall on the basis of the luminance information of
the initial image. In this embodiment, a user uses the
pointing device 107 for designating the boundaries of the
heart wall.

Each of the detected boundaries is expressed as a set of
representative points. The coordinates of each point detected
by the boundary setting section 103 are stored as boundary
coordinates 102-2 in the memory 102.

The normalized-image generating section 104 generates a
normalized image by normalizing an image of a region of
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the heart wall surrounded by the boundaries constituted by
points expressed by the boundary coordinates 102-2.

The normalization is performed by deformation into a
rectangular region according to affine transformation.
Respective normalized images generated by the normalized-
image generating section 104 are stored as normalized
images 102-3 in the memory 102. Incidentally, a normalized
image of a region of the heart wall on the basis of the initial
image is stored as template image 102-4 in the memory 102.

The boundary retrieval section 105 retrieves the bound-
aries in each frame image by using the boundaries obtained
in an immediately preceding image and the template image
102-4. The details of the retrieval method will be described
later (see S207 and steps following S207 which will be
described later). The coordinates of points constituting the
boundaries obtained by the boundary retrieval section 105
are stored as boundary coordinates 102-2 in the memory
102.

The parameter calculation section 106 calculates the wall
thickness in each image by using the boundary coordinates
102-2. The parameter calculation section 106 further calcu-
lates parameters for expressing the rate of wall thickness
change, the velocity of wall thickness change and deforma-
tion of the wall.

The output section 108 includes a display device such as
an LCD, a CRT or a PDP. The output section 108 outputs
information such as obtained boundaries, thickness change
of the heart wall, images in the middle of measurement of
heart wall thickness, GUI, etc. to a screen of the display
device. The user uses this apparatus while watching the
screen.

(Operation) FIG. 2 is a flow chart showing a flow of
processing according to the embodiment of the invention.
The operation will be described below according to the flow
of processing.

A total flow of a process of measuring wall thickness
change of the heart wall will be described first. An image
pattern of a heart wall portion is normalized on the basis of
the boundaries of the heart wall set manually in the initial
image. This normalized image is registered as a template
image. After that, boundaries are retrieved from each of the
time-series images so that a normalized image resembling
the template image most closely can be obtained. In this
manner, in each image, the boundaries of the heart wall are
decided and parameters such as wall thickness change of the
heart wall are calculated.

The processing will be described below in detail.

(S201) An initial image of time-series images is input in
order to start measurement of wall thickness change of the
heart wall.

Time-series image data from the external image acquiring
device are input into this apparatus. The input image data are
successively stored in the memory 102.

In this embodiment, a top frame of the input time-series
image data is used as the initial image.

(S202) The boundary setting section 103 sets boundaries
on both sides of the heart wall in the initial image.

In this embodiment, the inner boundary (endocardium) of
the heart wall is referred to as boundary 1 and the outer
boundary (epicardium) of the heart wall is referred to as
boundary 2.

In this embodiment, the initial image is output to a screen,
and a user designates representative points constituting each
of the boundaries 1 and 2 by using the pointing device 107.
Each of the boundaries 1 and 2 is set as line segments
connecting these representative points.
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FIG. 3 shows an example of the boundaries 1 and 2. In
FIG. 3, characters with subscript a such as x ,; and y,,, show
points constituting the boundary 1, and characters with
subsctipt b such as x,, and y,, show points constituting the
boundary 2.

The coordinates of points constituting each of the set
boundaries 1 and 2 are stored in the memory 102.

(S203) The normalized-image generating section 104
generates a normalized image from image data located
between the boundaries 1 and 2.

The normalized image is generated as shown in FIG. 4.
That is, even in the case where the heart wall is curved, the
shape of a region is normalized to a rectangular shape having
a predetermined size.

In this embodiment, normalization is performed in accor-
dance with tetragonal regions (unit regions) into which the
heart wall is partitioned by points constituting the bound-
aries 1 and 2. The normalized unit regions are connected to
obtain a normalized image expressing the whole heart wall.

The normalizing process in this embodiment will be
described with reference to FIGS. 6A and 6B. FIG. 6Ais a
view showing a unit region. FIG. 6B is a view showing a
normalized unit region obtained by normalizing the unit
region depicted in FIG. 6A.

In the following description, the case where the pixels in
the normalized unit region are 7 pixels (vertically) by 6
pixels (horizontally) is taken as an example. Among sides of
the unit region, sides corresponding to the boundaries 1 and
2 are taken as horizontal sides while sides corresponding to
neither the boundary 1 nor the boundary 2 are taken as
vertical sides.

First, equal division points for dividing each of the
vertical and horizontal sides of the unit region into N equal
parts are obtained. In this case, since the pixels in the
normalized unit region are 7 pixels (vertically) by 6 pixels
(horizontally), points for dividing the vertical sides into 8
(=7+1) equal parts and points for dividing the horizontal
sides into 7 (=6+1) equal parts are obtained. As shown in
FIG. 6A, attention is paid to a grid constituted by equal
division lines (V601 to V607 and H611 to H616) connecting
the equal division points on both sides of the vertical and
horizontal sides.

Then, a pixel value of each grid point in the unit region
is obtained. In this case, an average of pixel values of
surrounding pixels is used as the pixel value of the grid
point. Alternatively, the pixel value of a pixel containing
each grid point may be used as the pixel value of the grid
point or the pixel value of each grid point may be calculated
on the basis of the pixel values of surrounding pixels by
means of Gaussian distribution or the like.

Then, the coordinates of each grid point are expressed on
the basis of the equal division lines. For example, the
coordinate values of a point 641 in FIG. 6A are expressed as
(2, 4) because the point 641 is a point of intersection
between the fourth equal division line V604 from the bottom
and the second equal division line H612 from the left.

Pixels having the coordinate values and pixel values
obtained in this manner are collected to generate a normal-
ized unit region. For example, the point 641 is transformed
into a point 642 located in (2, 4) in the normalized image
(see FIG. 6B).

Such processing is performed on all unit regions consti-
tuting the heart wall. The normalized unit regions obtained
thus are connected to generate a normalized image. Inci-
dentally, the connection of the normalized unit regions is
performed in such a manner that vertical sides of the
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normalized unit regions are connected to one another while
the boundary 1 of each normalized unit region is arranged so
as to face upward.

The normalized image generated from the initial image is
stored as a template image in the memory 102.

(S204) A next image (hereinafter referred to as image N)
of the time-series images is input.

(S205) The boundary retrieval section 105 retrieves the
boundaries 1 and 2 in the image N.

The retrieval of the boundaries 1 and 2 in the image N is
carried out as follows. The outline of the boundary retrieval
process will be described first.

Temporary boundaries 1 and 2 are set in the image N. The
temporary boundaries 1 and 2 are set in the same places as
the boundaries obtained in an immediately preceding image.

Then, a normalized image is generated from the tempo-
rary boundaries 1 and 2. Similarity S of the normalized
image to the template image is calculated. SSD (Sum of
Square Difference), which will be described later, is used as
the similarity S.

The temporary boundaries 1 and 2 that give the highest
one of similarities obtained by changing the temporary
boundaries 1 and 2 variously are regarded as the boundaries
1 and 2 in one processed image of the time-series images.

The boundary retrieval process will be described below in
detail.

Because each of the boundaries 1 and 2 is expressed as a
set of points, each of the temporary boundaries 1 and 2 is
expressed as a set of points in the same manner. A set X of
points constituting the temporary boundaries 1 and 2 can be
given by the following expression.

1)

Incidentally, characters with subscript a such as x_, y,;
show points constituting the temporary boundary 1, and
characters with subscript b such as x,,, y,, show points
constituting the temporary boundary 2.

When SSD (Sum of Square Difference) of pixel values is
used as a distance scale D for measuring similarity S on the
assumption that f(i,j) are pixel values of the normalized
image generated on the basis of the temporary boundaries 1
and 2 and f,(i,j) are pixel values of the template image, the
distance D between the normalized image and the template
image can be given by the following expression.

X=~{Xo1¥ats - - - FapVarXo1¥s1s - KowYor)

D=} {fl = fli P

i

Because the distance D between the template image and
the normalized image depends on the set X of points
constituting the temporary boundaries, the distance D can be
given by the following expression.

D(X) = ) A0, 1 X) = fid, P

ij

The similarity S of the normalized image to the template
image is maximized when the distance D is minimized. The
set X of points that gives the mimimum distance D is a set
of points constituting the boundaries 1 and 2 in the image N.

Q)

Because this expression cannot be solved analytically,
there is used a method of obtaining a local minimum

Xo1=X,-aVD(X,)
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solution by numerical repetitive calculation according to a
steepest descent method or the like. That is, a combination
of points that minimizes the distance D is searched for while
each of points constituting the boundaries is moved little by
little.

If a predetermined range is entirely used for calculation
based on the temporary boundaries in order to search for the
combination, the volume of calculation becomes huge.
Therefore, calculation is performed in such a manner that
each point is moved in a direction of decreasing the distance
D. When the distance D is not decreased any more though
each point is moved in any direction, a decision is made that
the distance D is set at a local minimum value.

Incidentally, another similarity index such as a cross
correlation value or a sum of absolute difference (SAD) may
be used as the similarity S.

Incidentally, the temporary boundaries need not be the
same as the boundaries in an immediately preceding image.
For example, the boundaries in the initial image may be
directly used as the temporary boundaries or the boundaries
in an image, which is near the image N in terms of time (but
is not necessarily immediately precede the image N), may be
used as the temporary boundaries. Alternatively, the tempo-
rary boundaries may be decided while the motions of the
boundaries are estimated by some means, that is, for
example, the temporary boundaries may be set at places
estimated on the basis of the motions of the boundaries in the
past.

(5206) The parameter calculation section 106 calculates
parameters such as thickness of the heart wall, thickness
change, etc. on the basis of the retrieved boundaries 1 and 2.
Then, the output section 108 outputs a superposed image in
forms of graph display and color coding to the display.

The thickness of the heart wall is calculated in accordance
with each of line segments connecting points constituting
the boundary 1. For example, with respect to a line segment
A1-A2 connecting points Al and A2, a point Bx that
minimizes the distance from the points Al and A2 is
extracted from the points constituting the boundary 2 and the
distance between the point Bx and a line passing through the
line segment A1-A2 is calculated. The calculated distance is
regarded as the thickness of the heart wall.

The parameter calculation section 106 not only calculates
parameters but also generates graphs or the like by process-
ing the parameters.

(5207) The boundary retrieval process of S205 is per-
formed on each of the time-series images. While there is any
image that has not been processed yet, the process of 3204
and steps after S204 is repeated.

By the aforementioned processing, the boundaries of the
heart wall in each of the time-series images are decided.

(Effect of the Embodiment) In the related art, the bound-
aries of the heart wall were obtained by edge detection using
luminance value change in each of time-series images. The
obtained boundaries were used for examining time-series
change in the thickness of the heart wall.

It was however difficult to detect the outer boundary of the
heart wall stably because luminance change in the outer
boundary of the heart wall was obscure. That is, the posi-
tions of detected edges fluctuated because of another factor
(obscurity) than the motion of the boundaries. As a result,
detection of the thickness of the heart wall was apt to be
unstable because of the influence of fluctuation caused by
obscurity.

In this respect, according to this embodiment, attention is
paid to the fact that the pattern of the heart wall little changes
(in spite of variation in size) even in the case where the
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thickness of the heart wall changes according to the motion
of the heart. That is, attention is paid to the fact that the
pattern of the heart wall little fluctuates when comparison is
performed after the heart wall is scaled up/down by image
processing to keep the size of the heart wall constant.

Further, a normalized image generated from the initial
image is stored as a template image. A normalized image
generated from each image is compared with the template
image (template matching) to thereby examine the heart
wall.

As a result, the boundaries of the heart wall can be
detected while the influence of obscurity of luminance
change is minimized. That is, the boundaries of the heart
wall can be detected stably. Accordingly, the thickness of the
heart wall can be also calculated stably while the influence
of fluctuation caused by obscurity of luminance change is
minimized.

(Other Examples of the Retrieval Method Used in S205)
Various methods for performing the boundary retrieval
process in S205 are conceived according to the form of
presentation of boundaries and the means of optimum solu-
tion. The methods will be described below by way of
example.

(Example 1 of Retrieval Method) This method is particu-
larly preferably applied to a heart image.

In the heart image, the endocardium (boundary 1) can be
identified easily by means of edge detection or the like
because luminance change in the image is clear in most
cases. On the contrary, the epicardium (boundary 2) can
hardly be identified stably by means of edge detection or the
like because luminance change in the image is obscure in
most cases.

Therefore, in this method, the endocardium is decided by
ordinary means of edge detection using luminance change or
by other means such as snake, etc.

On the other hand, the epicardium is decided by the
method that has been described in the explanation of S204.
In this case, only the epicardium exerts influence on the
similarity of the normalized image to the template image.
Accordingly, the set X of points can be given by the
following expression.

&)

The set X of points that minimizes the distance D can be
calculated in the same manner as described above in the
explanation of S207. A solution can be obtained more
speedily because the number of variables used is reduced by
half compared with the method using both the endocardium
(boundary 1) and the epicardium (boundary 2) as described
above in the explanation of S204.

Incidentally, when the endocardium is decided by a
method of extracting a contour on the basis of luminance
change (edge) in each image, correspondence between
points on the endocardium at a certain point of time t1 and
points on the endocardium at an another point of time t2 is
not clear. When wall thickness change is to be measured, it
is however preferable to measure wall thickness change in
identical wall portions.

Therefore, it is preferable to use a method of correspond-
ing points on contour, which is divided at a position of a
feature point, with each other, as described in JP-A-10-
99334, which is incorporated herein by reference in its
entirety.

In the case of the heart, the apex of the heart, heart valves
and their vicinity can be detected as feature points easily
because they are large in curvature or unique in shape.

X={Xp1,¥o15 - - - FopVoir
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Accordingly, points I~ and O,. corresponding the apex of
the heart are obtained in the endocardium and epicardium
obtained by the retrieval. Further, division points for equally
dividing lines between ends I ,, and O, of the endocardium
and epicardium and the points 1. and O corresponding the
apex of the heart are obtained. Similarly, division points for
equally dividing lines between the other ends I, and O, of
the endocardium and epicardium and the points [ and O,
corresponding the apex of the heart are obtained.

When, for example, each line is divided into three, points
Lyos Lyts Lizy 1 Lo, 1, and 15 concerning the endocardium
are obtained successively viewed from one end 1,, of the
endocardium whereas points O 4, O, O 45, Opy Op,, O,
and Oy, concerning the epicardium are obtained succes-
sively viewed from one end O, of the epicardium.

Among these points, points with the same subscript are
regarded as points corresponding to each other. Incidentally,
number of the division points may be changed suitably
according to the place of measurement of wall thickness, etc.

More preferably, the endocardium may be extracted by
use of a active contour model that will be described below.

The active contour model capable of extracting a bound-
ary while tracking a local portion of a wall will be described
below. For example, similarity of image patterns 702 in a
region near a contour 701 as shown in FIG. 7 is used in the
active contour model. Accordingly, image energy in the
active contour model is defined as follows:

Eypage=—| Edge(V(s))+P{V(s))ds (6)
where V(s) means the contour 701 expressed by parameter
s, Edge(V(s)) means the magnitude of luminance gradient in
an image on the contour, and Pt(V(s)) means the similarity
of each image pattern 702 in the region near the contour to
a template pattern set in advance. Cross correlation values or
the like may be used as the similarity.

When image energy is defined in this manner, the bound-
ary contour can be extracted while the image patterns in the
region near the contour are being tracked. That is, the
boundary of the wall can be obtained while correspondence
in local portions of the wall is taken.

(Example 2 of Retrieval Method) In order to obtain a
higher speed, in the boundary setting section 103, a subject
of measurement in wall thickness change of the heart wall is
divided into a plurality of segments on the basis of the
endocardium and epicardium set in the initial image. The
epicardium may be expressed on the basis of the thickness
tand a displacement parameter s from the endocardium for
the boundaries of each segment. A direction of the displace-
ment parameter s is different from that of the thickness t, and
preferably is perpendicular to that of the thickness t.

Incidentally, in each image, the endocardium is decided
by ordinary means of edge detection using luminance
change or by other means such as snake.

When the endocardium is decided by a method of extract-
ing the contour on the basis of luminance change (edge) in
each image, correspondence between points on the endocar-
dium at a certain point of time t1 and points on the
endocardium at another point of time t2 is not clear. In this
method, it is however necessary to set the correspondence
because the epicardium is expressed on the basis of the
thickness t and a displacement parameter s from the endocar-
dium.

Therefore, the correspondence is set in the same manner
as described above in Example 1 of Retrieval Method. That
is, there is used a method of corresponding points on contour
parts, which is divided at the position of the feature point
with each other.

First, division points for dividing the endocardium and
epicardium on the basis of a feature point are obtained in the
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endocardium and epicardium set in the initial image and are
associated with each other. Then, the heart wall is divided
into segments by the positions of points corresponding to
each other, and the thickness t and the displacement param-
eter s are obtained in accordance with each of the corre-
sponding points.

After that, in each image, division points for dividing the
endocardium decided by means of edge detection or the like
on the basis of the position of the feature point are obtained
in the same manner as in the initial image. Because a
division point of the epicardium is located in a position far
by the optimum thickness t and the optimum displacement
parameter s from each division point of the endocardium, the
optimum values are calculated while the thickness t and the
displacement parameter s are changed.

The optimum values of s and t are values at which a
normalized image of highest similarity to the template image
obtained on the basis of segments of the initial image can be
obtained from the image N.

FIG. 5 is a view for explaining a state in which a cardiac
muscle image is divided into six segments 501 to 506. In
FIG. 5, points on the epicardium are expressed for the
boundaries of each segment on the basis of the thickness t
and the displacement parameter s from points on the
endocardium.

When the epicardium is expressed in this manner, a set of
the coordinates of points constituting the epicardium can be
given by the following expression.

X={t;ssy, . - M

In the example shown in FIG. 5, only fourteen parameters
are required because of k=7. Because the boundaries can be
expressed by far smaller number of parameters than the
number of parameters in the expression 5 or 1, a solution can
be obtained more speedily.

Incidentally, the endocardium may be extracted by use of
the active contour model as explained in Example 1 of
Retrieval Method.

(Example 3 of Retrieval Method) Although Example 2 of
Retrieval Method has shown the case where a subject of
measurement of wall thickness change of the heart wall is
divided into segments so that points expressing the boundary
2 are set for the boundaries of each segment, the boundaries
may be expressed by smaller number of parameters accord-
ing to an interpolating method using a splined curve or the
like.

Although the description has been made while the heart is
taken as an example, thickness change of a wall or the like
can be also detected in other internal organs (such as the
stomach, the liver, the urinary bladder, the kidney and the
uterus) and an unborn baby as well as the heart.

(Modification) This embodiment may be provided as a
mode for a medical work station containing not only a
process of measuring wall thickness change of the heart wall
but also other image measuring process and a data manage-
ment function such as filing.

Alternatively, a series of heart wall thickness change
measuring steps for image data (e.g., functions of the
boundary setting section 103, the normalized-image gener-
ating section 104, the boundary retrieval section 105 and the
parameter calculation section 106) may be implemented by
a program executed by a general-purpose computer. Or the
series of heart wall thickness change measuring steps for
image data may be implemented in the form in which the
functions are incorporated into an image diagnostic system.

Although the description has been made on the case
where the user sets the boundaries manually in the boundary
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setting section 103 of this apparatus, the boundaries may be
detected automatically by applying a method called snake or
an ordinary edge detection method to the initial image. In
this case, configuration may be made so that the user can
correct the boundaries by using the pointing device 107 if
the boundaries automatically detected cannot be always
reliable due to the obscure boundaries.

In the output section 108 of this apparatus, gray scale or
colors may be assigned according to the thickness of the
heart wall to each image to display a heart wall image. FIG.
8 shows an example of expression of a monotone image in
a gray scale manner according to the thickness of the heart
wall. For example, a thick portion is displayed with being
shaded, a thin portion is displayed with being lightened, and
an intermediate portion is displayed with intermediate tone.
In this manner, by only one glance at intensive change in
gray scale, a judgment can be made as to whether cardiac
muscle operates actively (repeats expansion and contrac-
tion) or not. This is useful for diagnosis.

Gray scale may be assigned to an image according to
thickness change of the heart wall per predetermined unit
time instead of the thickness of the heart wall itself. In this
case, the thickness of each portion of the heart wall per
predetermined unit time is stored in the memory 102 in
advance. The degree of thickness change is calculated on the
basis of the data stored in the memory 102.

As described above, in accordance with the embodiments
of the invention, deformation of a wall is obtained on the
basis of not only the edge of the image but also an image
pattern. As a result, even in the case where the wall had such
obscure boundaries that the detected edge fluctuated in the
related art, the boundaries can be detected stably.

What is claimed is:

1. An image processing apparatus comprising;

an image input section configured to input time-series
images obtained by acquiring an image of an internal
organ including a first boundary of a wall and a second
boundary of the wall,

a boundary setting section configured to set the first
boundary and the second boundary in an initial image
of the time-series images;

a normalized-image generating section configured to gen-
erate a normalized image on the basis of an image
pattern between the set first boundary and the set
second boundary;

a template storage section configured to store the normal-
ized image generated from the initial image as a
template image; and

a boundary retrieval section configured to search each of
time-series images for the second boundary which
generates the most similar normalized image to the
template image.

2. The image processing apparatus according to claim 1,
wherein the boundary retrieval section searches each of
time-series images for the first boundary and the second
boundary, which generate the most similar normalized
image to the template image, in each of time-series images.

3. The image processing apparatus according to claim 2,
wherein the boundary retrieval section includes:

a first section configured to set a first temporary boundary
and a second temporary boundary in each of time-series
images on the basis of the first boundary and the second
boundary in an image input preceding each of time-
series image; and

a second section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
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changing coordinates of points representing the first
temporary boundary and the second temporary bound-
ary.

4. The image processing apparatus according to claim 2,

wherein the boundary retrieval section includes:

a third section configured to detect the first boundary in
each of time-series images on the basis of luminance
values thereof;

a fourth section configured to set a second temporary
boundary in each of time-series images on the basis of
the second boundary in an image input preceding each
of time-series images; and

a fifth section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the second
temporary boundary.

5. The image processing apparatus according to claim 2,

wherein the boundary retrieval section includes:

a third section configured to detect the first boundary in
each of time-series images on the basis of luminance
values thereof;

a fourth section configured to set a second temporary
boundary in each of time-series images on the basis of
the second boundary in the initial image; and

a fifth section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the second
temporary boundary.

6. The image processing apparatus according to claim 2,

wherein the boundary retrieval section includes:

a third section configured to detect the first boundary in
each of time-series images on the basis of luminance
values thereof;

a fourth section configured to estimate a second tempo-
rary boundary in each of time-series images on the
basis of the second boundaries in the preceding images
of each time series image; and

a fifth section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the second
temporary boundary.

7. An image processing apparatus comprising:

an image input section configured to input time-series
images obtained by acquiring an image of an internal
organ including a first boundary of a wall and a second
boundary of the wall;

a boundary setting section configured to set the first
boundary and the second boundary in an initial image
of the time-series images, and set boundaries of wall
parts into which the wall is divided in the initial image
of time-series images;

a sixth section configured to obtain local wall thickness
information of each wall part;

a normalized-image generating section configured to gen-
erate a normalized image on the basis of image patterns
of the wall parts;

a template storage section configured to store the normal-
ized image generated from the initial image as a
template image; and

a boundary retrieval section configured to search each of
time-series images for the first boundary and the second
boundary, which generate the most similar normalized
image to the template image.
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8. The image processing apparatus according to claim 2,
wherein:

the image of the wall is an image of section of a cardiac
muscle;

the first boundary is an epicardial boundary; and

the second boundary is an endocardial boundary.

9. The image processing apparatus according to claim 8,
wherein the boundary retrieval section includes:

a first section configured to set an epicardial temporary
boundary and an endocardial temporary boundary in
each of time-series images on the basis of the epicardial
boundary and the endocardial boundary in an image
input immediately preceding each of time-series image;
and

a second section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the epicar-
dial temporary boundary and the endocardial tempo-
rary boundary.

10. The image processing apparatus according to claim 8,

wherein the boundary retrieval section includes:

a third section configured to detect the endocardial bound-
ary in each of time-series images on the basis of
luminance values thereof;

a fourth section configured to set an epicardial temporary
boundary in each of time-series images on the basis of
the epicardial boundary in an image input preceding
each of time-series images; and

a fifth section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the epicar-
dial temporary boundary.

11. The image processing apparatus according to claim 8,

wherein the boundary retrieval section includes:

a third section configured to detect the endocardial bound-
ary in each of time-series images on the basis of
luminance values thereof;

a fourth section configured to set an epicardial temporary
boundary in each of time-series images on the basis of
the epicardial boundary in the initial image; and

a fifth section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the epicar-
dial temporary boundary.

12. The image processing apparatus according to claim 8,

wherein the boundary retrieval section includes:

a third section configured to detect the endocardial bound-
ary in each of time-series images on the basis of
luminance values thereof;

a fourth section configured to estimate an epicardial
temporary boundary in each of time-series images on
the basis of the epicardial boundaries in the preceding
images of each time series image; and

a fifth section configured to search each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing coordinates of points representing the epicar-
dial temporary boundary.

13. The image processing apparatus according to claim 7,
wherein the boundary setting section sets boundaries of wall
parts into which the cardiac muscle is divided in an initial
image of time-series images,
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the image processing apparatus further comprising;

a sixth section for obtaining local wall thickness infor-
mation of each wall part, wherein the boundary
retrieval section searches each of time-series images
for the region in which the most similar normalized
image to the template image is generated, while
changing the local wall thickness information of
each wall part.

14. An image processing method for detecting a wall of an
internal organ from time-series images, the method com-
prising:

inputting time-series images obtained by acquiring an
image including a first boundary of a wall and a second
boundary of the wall;

setting the first boundary in an initial image of the
time-series images;

setting the second boundary in the initial image;

generating a normalized image on the basis of an image
pattern between the set first boundary and the set
second boundary from the initial image to store the
generated normalized image as a template image; and

searching each of time-series images for the first bound-
ary and the second boundary, which generate the most
similar normalized image to the template image.

15. The image processing method according to claim 14,

wherein the searching includes:

setting a first temporary boundary and a second temporary
boundary in each of time-series images on the basis of
the first boundary and the second boundary in an image
input preceding each of time-series images; and

searching each of time-series images while changing
coordinates of points representing the first temporary
boundary and the second temporary boundary.

16. The image processing method according to claim 14,

wherein the searching includes:

detecting the first boundary in each of time-series images
on the basis of luminance values;

setting a first temporary boundary in each of time-series
images on the basis of the first boundary and the second
boundary in an image input preceding each of time-
series images; and

searching each of time-series images while changing
coordinates of points representing the second tempo-
rary boundary.

17. The image processing method according to claim 14,

farther comprising:

obtaining local wall thickness information of wall parts
into which the wall is divided, before the searching,
wherein:

the searching includes searching each of time-series
images for a region in which the most similar normal-
ized image to the template image is generated, while
changing the local wall thickness information of each
wall part.

18. The image processing apparatus according to claim 8,

farther comprising:

a parameter calculation section configured to calculate the
thickness of each parts of the cardiac muscle on the
basis of the determined endocardial boundary and the
determined epicardial boundary in each time-series
image; and

an output section configured to output images obtained by
adding one of gray scale and colors to the cardiac
muscle of the time-series images in accordance with the
thickness of the each part of the cardiac muscle.
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