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(57) ABSTRACT

According to one embodiment, a moving object contour
extraction apparatus includes a contour acquisition unit and a
contour correction unit. The contour acquisition unit is con-
figured to acquire a contour of a moving object in each image
slice. The contour correction unit is configured to correct the
contours of the moving object in image slices of at least one
image slice time series based on motion trend information of
the moving object in each of a plurality of image slice time
series.
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MOVING OBJECT CONTOUR EXTRACTION
APPARATUS, LEFT VENTRICLE IMAGE
SEGMENTATION APPARATUS, MOVING

OBJECT CONTOUR EXTRACTION METHOD

AND LEFT VENTRICLE IMAGE
SEGMENTATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Chinese Patent Application No.
201110209867 .4, filed on Jul. 19, 2011, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
moving object contour extraction apparatus, a left ventricle
image segmentation apparatus, a moving object contour
extraction method and a left ventricle image segmentation
method

BACKGROUND

[0003] The contour extraction of a moving object, espe-
cially of a deforming object, is a challenge in the field of
computer vision. In actual applications, for example, in the
medical field, the contour extraction of an organ or a part of an
organ from a three-dimensional image time series acquired by
a computed tomography (CT) apparatus, a Magnetic Reso-
nance Imaging (MRI) apparatus, an ultrasonic (UL) appara-
tus and the like is beneficial to subsequent measurement on
various parameters of the organ. However, the deforming
motion of an object leads to a large variation in the orienta-
tion, size and shape of the object in an image time series and
the image intensity, thus it is difficult to accurately extract the
contours of the object in the respective images at different
motion stages.

[0004] In addition, in the field of cardiology, a nuclear
magnetic resonance imaging technology is typically used to
provide a three-dimensional image time series (3D+1) of a
heart. Doctors are highly interested in recognizing a ventricle,
an endocardium, an epicardium. The contours of the recog-
nized ventricle, endocardium and epicardium can be used to
measure a ventricular blood volume (ejection fraction), the
motion of a ventricular wall, a feature of wall thickness and
the like at different stages of a cardiac cycle. The left ventricle
(LV) is of great importance because it pumps oxygenated
blood to various issues of a body from the heart.

[0005] Inthe prior art, models, some researchers have con-
structed models such as a four-dimensional (4D) probabilistic
atlas of a heart and a three-dimensional (3D) LV surface
model to aid left ventricle segmentation. Also some methods
are studied to segment LV using an active shape by gradient,
intensity and shape features. Certainly, more semi-automatic
LV segmentation methods are studied which make use of user
interaction. In recent years, more and more researchers have
been devoted to the development of a fully-automatic LV
segmentation method and made some achievements. For
instance, Marie-Pierre Jolly and Ying Sun respectively pro-
posed some methods (referring to US Patent Applications
US2009/0232371 and US2009/0290777) as to the automatic
segmentation of an LV.

[0006] The model-based methods provided in the prior art
have difficulties in capturing variations beyond the training
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sets thereof. The commonly-used methods based on snake
(dynamic contour model) algorithm are quite sensitive to
noises and physical papillary muscle of the TV, and some-
times also sensitive to initial conditions. Most of the semi-
automatic methods need the interaction of a user, which is
subjective and time-consuming for the doctors. Some auto-
matic methods have many assumptions on the shape and pixel
brightness of the heart and need improvement in robustness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention can be better understood by
reference to the following description taken in conjunction
with accompanying drawings. In the drawings, identical or
like sections are designated with identical or like reference
signs. The accompanying drawings, together with the
detailed description below, are incorporated into and form a
part of the specification, and serve to further illustrate, by way
of example, preferred embodiments of the present invention
and to explain the principle and advantages of the present
invention. In the accompanying drawings:

[0008] FIG. 1is a schematic flow chart illustrating a mov-
ing object contour extraction method according to an embodi-
ment of the present invention;

[0009] FIG. 2 is a schematic flow chart illustrating the
acquiring of a contour of a moving object in each image slice
according to an embodiment of the present invention;
[0010] FIG. 3 shows an example of the adjusting of motion
regions of other image slice time series by taking a motion
region of a predetermined image slice time series as a refer-
ence;

[0011] FIG. 4A and FIG. 4B show an example of the rec-
ognizing of a candidate region of a moving object from a
motion region of an image slice time series;

[0012] FIG. 5 is a schematic flow chart illustrating the
correcting of a contour of a moving object based on motion
trend information of the moving object according to an
embodiment of the present invention;

[0013] FIG. 6 shows an example of motion trends of a
moving object in a plurality of image slice time series and
similarities between the motion trends of the moving object
and a reference motion trend;

[0014] FIG. 7 shows an example of the correcting of con-
tours of a moving object in an image slice time series;
[0015] FIG. 8 is a schematic flow chart illustrating a left
ventricle image segmentation method according to an
embodiment of the present invention;

[0016] FIG. 9 is a schematic diagram illustrating a conver-
sion relationship between a Euclidean coordinate system and
a polar coordinate system;

[0017] FIG. 10A and FIG. 10B are schematic diagrams
illustrating the converting of an initial contour of a left ven-
tricle into a polar coordinate systern;

[0018] FIG. 11 isaschematic diagram illustrating a circum-
ferential directional projection of a gray scale image of an
image slice in a polar coordinate system;

[0019] FIG.12A isaschematic diagram illustrating an edge
image of an image slice in a polar coordinate system;
[0020] FIG. 12B is a schematic diagram illustrating a cir-
cumferential directional projection of the edge image shown
in FIG. 12A;

[0021] FIG. 13A is a schematic diagram illustrating con-
tours of an endocardium and an epicardium acquired in a
polar coordinate system;
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[0022] FIG. 13B is a schematic diagram illustrating the
converting of the contours of the endocardium and the epi-
cardium acquired in FIG. 13A into an original image slice;
[0023] FIG. 14 is a schematic block diagram illustrating a
moving object contour extraction apparatus according to an
embodiment of the present invention;

[0024] FIG. 15 is a schematic block diagram illustrating a
contour acquisition unit according to an embodiment of the
present invention;

[0025] FIG. 16 is a schematic block diagram illustrating a
contour acquisition unit according to another embodiment of
the present invention;

[0026] FIG. 17 is a schematic block diagram illustrating a
contour correction unit according to an embodiment of the
present invention;

[0027] FIG. 18 is a schematic block diagram illustrating a
left ventricle image segmentation apparatus according to an
embodiment of the present invention;

[0028] FIG. 19 is a schematic block diagram illustrating a
pole acquisition unit according to an embodiment of the
present invention;

[0029] FIG. 20 is a schematic block diagram illustrating a
left ventricle image segmentation apparatus according to
another embodiment of the present invention;

[0030] FIG. 21 is a schematic block diagram illustrating a
left ventricle image segmentation apparatus according to still
another embodiment of the present invention; and

[0031] FIG.22is anexemplary block diagram illustrating a
computer structure capable of implementing the methods/
apparatuses disclosed in the embodiments of the preset inven-
tion.

DETAILED DESCRIPTION

[0032] The following presents a simplified summary of the
present invention to provide a basic understanding of some
aspects of the present invention. It should be understood that
the summary is not an exhaustive summary of the present
invention. It is not intended to identify the key or critical parts
of the present invention, nor intended to limit the scope of the
present invention. It only aims to present some concepts in a
simplified form as a prelude to the more detailed description
that is to be discussed later.

[0033] Itis an object of the present invention to provide a
moving object contour extraction method and apparatus to
accurately acquire contours of the moving object in various
images at different motion stages. It is another object of the
present invention to provide a left ventricle image segmenta-
tion method and apparatus to accurately and robustly segment
a left ventricle from an image.

[0034] According to an aspect of the present invention,
there is provided a moving object contour extraction method
for extracting from a three-dimensional image time series
contours of a moving object which performs a deforming
motion, the three-dimensional image time series including a
plurality of three-dimensional images acquired at a plurality
of time points, each of the three-dimensional images consist-
ing of a plurality of parallel two-dimensional image slices,
and the two-dimensional image slices located at the same
location in the plurality of three-dimensional images forming
an image slice time series. The moving object contour extrac-
tion method includes: acquiring a contour of the moving
object in each image slice; and correcting the contours of the
moving object in the image slices of at least one image slice
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time series based on motion trend information of the moving
object in each of a plurality of the image slice time series.

[0035] According to another aspect of the present inven-
tion, there is provided a moving object contour extraction
apparatus for extracting from a three-dimensional image time
series contours of a moving object which performs a deform-
ing motion, the three-dimensional image time series includ-
ing a plurality of three-dimensional images acquired at a
plurality of time points, each of the three-dimensional images
consisting of a plurality of parallel two-dimensional image
slices, and the two-dimensional image slices located at the
same location in the plurality of three-dimensional images
forming an image slice time series. The moving object con-
tour extraction apparatus includes: a contour acquisition unit
configured to acquire a contour of the moving object in each
image slice; and a contour correction unit configured to cor-
rect the contours of the moving object in the image slices of at
least one image slice time series based on motion trend infor-
mation of the moving object in each of a plurality of the image
slice time series.

[0036] According to still another aspect of the present
invention, there is provided a left ventricle image segmenta-
tion method for acquiring contours of a left ventricle from a
three-dimensional medical image time series, the three-di-
mensional medical image time series including a plurality of
three-dimensional images acquired at a plurality of time
points in a period including at least one cardiac cycle, each of
the three-dimensional images consisting of a plurality of par-
allel two-dimensional image slices that are intersected with a
long axis of the left ventricle, and the two-dimensional image
slices located at the same location in the plurality of three-
dimensional images forming an image slice time series. The
left ventricle image segmentation method includes: acquiring
a pole in each image slice for polar coordinate conversion;
converting each image slice into a polar coordinate system
based on the pole in the image slice; acquiring, in the polar
coordinate system, an endocardial contour of the left ventricle
in each image slice as a contour of the left ventricle in the
image slice; and mapping the contour of the left ventricle
acquired in the polar coordinate system to a corresponding
original image slice.

[0037] According to still another aspect of the present
invention, there is provided a left ventricle image segmenta-
tion apparatus for acquire contours of a left ventricle from a
three-dimensional medical image time series, the three-di-
mensional medical image time series including a plurality of
three-dimensional images acquired at a plurality of time
points in a period including at least one cardiac cycle, each of
the three-dimensional images consisting of a plurality of par-
allel two-dimensional image slices that are intersected with a
long axis of the left ventricle, and the two-dimensional image
slices located at the same location in the plurality of three-
dimensional images forming an image slice time series. The
left ventricle image segmentation apparatus includes: a pole
acquisition unit configured to acquire a pole in each image
slice for polar coordinate conversion; a coordinate conversion
unit configured to convert each image slice into a polar coor-
dinate system based on the pole in the image slice; and an
endocardial contour acquisition unit configured to acquire, in
the polar coordinate system, an endocardial contour of the left
ventricle in each image slice as a contour of the left ventricle
in the image slice; and the coordinate conversion unit is
configured to map the contour of the left ventricle acquired by
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the endocardial contour acquisition unit in the polar coordi-
nate system to a corresponding original image slice.

[0038] Moreover, according to yet another aspect of the
present invention there is provided a computer program for
realizing the foregoing methods.

[0039] Additionally, according to still another aspect of the
present invention, there is provided a computer program
product, which is in the form of at least a computer readable
medium, and on which computer program codes for realizing
the foregoing methods are recorded.

[0040] Embodiments of the present invention are described
below with reference to the accompanying drawings. The
elements and features described in a figure or an embodiment
of the present invention can be combined with elements and
features shown in one or more other figures or embodiments.
It should be noted that, for the purpose of clarity, representa-
tions and descriptions of components and processes which
are known to those skilled in the art or are not related to the
present invention are not presented in the drawings and the
description.

[0041] Exemplary embodiments of the present invention
are described below in the following order:

[0042] 1. A moving object contour extraction method
[0043] 2. A left ventricle image segmentation method
[0044] 3. A moving object contour extraction apparatus
[0045] 4. A left ventricle image segmentation apparatus
[0046] 5. A computer structure capable of implementing

the methods/apparatuses in the preset disclosure

<1. A Moving Object Contour Extraction Method>

[0047] A moving object contour extraction method accord-
ing to embodiments of the present invention is described with
reference to FIG. 1 to FIG. 7. The moving object contour
extraction method according to the embodiments of the
present invention is configured to extract contours of a mov-
ing object which performs a deforming motion from a three-
dimensional image time series. The three-dimensional image
time series includes a plurality of three-dimensional images
acquired at a plurality of time points. Fach of the three-
dimensional images consists of a plurality of parallel two-
dimensional image slices. The two-dimensional image slices
located at the same location in the three-dimensional images
form an image slice time series. It should be appreciated that
the moving object contour extraction method according to the
embodiments of the present invention may be used to extract
contours of a moving object from various types of three-
dimensional image time series. As an example but not a
limitation, the three-dimensional image time series may be a
medical image series formed by data on an examinee obtained
by a medial diagnostic imaging device. The medial diagnostic
imaging device includes but is not limited to an X-ray imag-
ing diagnostic device, an ultrasonic (UL) diagnostic imaging
device, a computed tomography (CT) device, a magnetic
resonance imaging (MRI) diagnostic device, a positron emis-
sion tomography (PET) device and the like.

[0048] FIG. 1 is a schematic flow chart illustrating a mov-
ing object contour extraction method according to an embodi-
ment of the present invention. In this embodiment, the defor-
mation of a moving object is turned into a beneficial factor,
and a contour of the moving object is corrected with a motion
trend of the moving object.

[0049] As shown in FIG. 1, in step S110, a contour of a
moving object in each image slice is acquired. Here the con-
tour of the moving object may be acquired using any existing
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method. For example, the contour of the moving object may
be acquired by labeling manually. For another example, a
candidate region of the moving object may be detected from
each image slice using an existing object detection method,
and then a contour of the candidate region of the moving
object is taken as a contour of the moving object. As a pre-
ferred mode proposed in this application, a moving object
contour extraction method according to an embodiment of the
present invention will be described later in combination with
FIG. 2 to FIG. 4.

[0050] After acquiring the contours of the moving objec-
tion, in step S120, the contours of the moving object are
corrected based on motion trend information of the moving
object. As the moving object is a whole entity and the defor-
mation motions of the respective parts of the moving object
are generally uniform, thus the trend of the deformation
motions has consistency. As seen from the sections of the
moving object which are parallel to each other, the motions of
the sections should be correlated with each other. Therefore,
the motion trend of the moving object should be consistent in
the image slice time series. Accordingly, the variation trend of
the contour of the moving object should also be consistent in
the image slice time series. When the motion trend of the
moving object in an image slice time series is inconsistent
with that of the moving object in most image slice time series
or is inconsistent with a reference motion trend, it can be
determined that there may be an error in the contours acquired
in the image slice time series and these contours need to be
corrected such that the motion trend of the moving object in
the image slice time series after the correction is consistent
with that of the moving object in most image slice time series
or is consistent with the reference motion trend. The correc-
tion may be carried out by those skilled in the art in various
manners under the guide of the foregoing description. As a
preferred mode proposed in the present invention, a moving
object contour extraction method according to embodiments
of the present invention will be described later in combination
with FIG. 5 to FIG. 7.

[0051] FIG. 2 is a schematic flow chart illustrating the
acquiring of a contour of a moving object in each image slice
according to an embodiment of the present invention.

[0052] In step S210, a motion region of each image slice
time series is detected based on variations of the values of
pixels in the image slice time series over time. For an image
slice time series, the value of each pixel in the motion region
of the image slice time series changes significantly over time.
There are many methods in the prior art for realizing this step,
such as a time-domain variance method, a frame difference
method and the like, which are not described here in detail.
[0053] Instep S220, the motion region of a predetermined
image slice time series in the three-dimensional image time
series is taken as a reference to adjust the motion regions of
other image slice time series in the three-dimensional image
time series than the predetermined image slice time series.
Typically, in actual applications, the image slice time series in
which the moving object suffers interference least may be
taken as the predetermined image slice time series. Such an
image slice time series may be designated manually or pre-
determined to be at a location by experience, for example.
[0054] Inorder to facilitate understanding, FIG. 3 shows an
example of the adjusting of motion regions of other image
slice time series by taking a motion region of a predetermined
image slice time series as a reference. In this example, it is
shown a schematic diagram of a three-dimensional image
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time series acquired by an MRIdevice ina short axis direction
of a heart (that is, a direction vertical to a long axis direction
of the heart, and generally it may be a direction intersected
with the long axis of the heart). It can be known from the
motion region detection process in S210 that one image slice
time series generally corresponds to one motion region, that
is, the image slices in the same image slice time series have
the same motion region. For the purpose of concision, each
image slice shown in FIG. 3 is a schematic diagram of an
optional image slice in an image slice time series. As an
example, the moving object shown in FIG. 3 is a left ventricle
of a heart, and the image slices shown in FIG. 3 each are a
schematic diagram of an image slice in a respective image
slice time series acquired in a diastolic petiod. In FIG. 3, the
image slice shown at the top is an image slice of a base part,
the image slice shown at the bottom is an image of an apex
part, and the image slices between the top and the bottom are
orderly arranged image slices of the parts located between the
base part and the apex part. It should be noted that a heart
image is provided here as an example for describing the
moving object contour extraction method and apparatus, but
is not to be construed as a limitation to the present invention.
On the contrary, the present invention can be applied to any
image containing a moving object.

[0055] Intheexample showninFIG. 3, the motion region of
the image slice time series of the base part at the top is taken
as a reference to adjust the motion regions of the remaining
image slice time series. The solid line frames in the remaining
image slice time series represent the adjusted motion regions.
The dashed line frame in the image slice of the apex part at the
bottom shows the motion region before being adjusted (which
is not shown in other image slices).

[0056] For the left ventricle in the image slices acquired in
the short axis direction of the heart, the major interference
source 1s large blood vessels around the heart. The large blood
vessels have a shape similar to that of the left ventricle, and
also move. For the reasons such as that the amount of the
motion of the apex is relatively small, the apex part tends to be
influenced more by the motion of the large blood vessels.
Therefore, in the example shown in FIG. 3, the image slice
time series of the base part suffering the least interference is
taken as the predetermined time series, and the motion
regions of the other image slice time series than the image
slice time series of the base part are adjusted based on the
motion region of the image slice time series of the base part,
thereby eliminating the interference caused by the large blood
vessels in the other image slice time series.

[0057] Returning to FIG. 2, in step S230, candidate regions
of the moving object are recognized from the motion region
of each image slice time series, and contours of the candidate
regions of the moving object are taken as contours of the
moving object. The candidate region of the moving object in
each image slice can be detected from the motion region of
each image slice time series using any appropriate existing
object detection method, such as a multiple-feature recogni-
tion method.

[0058] In order to facilitate understanding, FIGS. 4A-4B
show an example of the recognizing of a candidate region of
amoving object from the motion region of an image slice time
series. FIG. 4A shows a motion region of an image slice in a
three-dimensional image time series acquired by an MRI
device in a short axis direction of the heart, in which the
motion region is binarized and connected regions are marked
in the motion region. It can be seen from FIG. 4A that the two

Jul. 18, 2013

biggest connected regions are the candidate region of the left
ventricle and the candidate region of the right ventricle
respectively. FIG. 4B shows a binary image of the motion
region of the left ventricle, in which the connected region is
the recognized candidate region of the left ventricle. In FIG.
4B, the contour of the recognized candidate region of the left
ventricle can be taken as the contour of the left ventricle.

[0059] Besides, according to an embodiment of the present
invention, the predetermined image slice time series can be
determined according to a feature extracted from the motion
region of each image slice time series. As an example but not
a limitation, the feature may be at least one of the following
features: an average pixel value, a ratio of a white connected
region in the binary image of the motion region, an image
slice index, and a ratio of white connected region in multiple
sub-regions of the binary image of the motion region.

[0060] As a specific implementation mode, the predeter-
mined image slice time series may be determined using a
machine learning method, for example, using a support vector
machine (SVM) classifier or any other appropriate classifier.
In an embodiment, a classifier is trained with a sample set
consisting of features extracted from the motion region of
each image slice time series in the three-dimensional image
time series and the predetermined image slice time series in
the three-dimensional image time series is determined by
using the trained classifier. By the classification method using
the aforementioned features, the predetermined image slice
time series can be determined conveniently and accurately in
the three-dimensional image time series.

[0061] Inathree-dimensional image time series, there may
be some image slice time series which are beyond the real
range of the moving object. The contours of the moving
object extracted from such image slice time series are false
and, if being used, will undermine the accuracy of subsequent
parameter calculation for the moving object.

[0062] In an embodiment of the present invention, before
acquiring the contour of a moving object, such image slice
time series as mentioned above are determined and not sub-
jected to the acquiring of the contour of the moving object or
are directly deleted, so as to not undermine the accuracy of the
subsequent parameter calculation. According to this embodi-
ment, after the motion region of each image slice time series
is detected and before the motion regions of the other image
slice time series are adjusted by taking the motion region of
the predetermined image slice time series as a reference, two
image slice time series respectively corresponding to the two
ends of the moving object are determined using at least one of
the following features extracted from the motion region of
each image slice time series: an average pixel value, a ratio of
white connected region in a binary image of the motion
region, an image slice index, and a ratio of white connected
region in a plurality of sub-regions of a binary image of the
motion region.

[0063] After the two image slice time series respectively
corresponding to the two ends of the moving object are deter-
mined, in the following process of acquiring the contour of
the moving object in each image slice, only the contours of the
moving object in the image slices of the image slice time
series between these two image slice time series are acquired.
The two image slice time series corresponding to two ends of
the moving object and the image slice time series outside the
two image slice time series may be directly removed from the
three-dimensional image time series.
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[0064] Similarly, the two image slice time series corre-
sponding to the two ends of the moving object can be deter-
mined using a machine learning method, for example, using
an SVM classifier or any other appropriate classifier. In an
embodiment, classifiers respectively for the two ends of the
moving object are trained with a sample set consisting of the
above feature(s) extracted from the motion region of each
image slice time series in the three-dimensional image time
series, and the two image slice time series corresponding to
the two ends of the moving object in the three-dimensional
image time series are determined using the trained two clas-
sifiers.

[0065] For a three-dimensional image time series acquired
by an MRI device in the short axis direction of a heart, when
the left ventricle is taken as the moving object, the two image
slice time series corresponding to the two ends of the moving
object refer to the image slice time series of the base part and
the image slice time series of the apex part respectively.
[0066] FIG. 5 is a schematic flow chart illustrating the
correcting of a contour of a moving object based on motion
trend information of the moving object according to an
embodiment of the present invention.

[0067] In step S510, the motion trend information of the
moving object in each image slice time series is determined.
It should be appreciated that a variation trend of the contour of
the moving object may be used to represent the motion trend
of the moving object. For instance, the variation trend of at
least one of the features, such as radius, perimeter or area, of
the contour of the moving object may be used to represent the
motion trend of the moving object.

[0068] Instep S520, a similarity between the motion trend
information of the moving object in each image slice time
series and reference motion trend information of the moving
object is calculated. Here, the reference motion trend infor-
mation of the moving object may be determined in advance.
As an example but not alimitation, the reference motion trend
information of the moving object may be average motion
trend information of the moving object in the image slice time
series or motion trend information of the moving object in an
image slice time series that is predetermined as a template.
[0069] The similarity may be calculated using any appro-
priate existing similarity calculation method. As an example
but not a limitation, the similarity may be calculated using a
normalized cross correlation (NCC) algorithm. In order to
facilitate understanding, a formula of the NCC algorithm (it is
apparent that various mathematical transformations can be
made to the formula) is presented below:

N (Formula 1)
(B =T = 1)
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[0070] In this formula, i represents an index of an image
slice time series, the similarity of which is to be calculated, in
the three-dimensional image time series, t represents an index
of an image slice time series, which is predetermined as a
template, in the three-dimensional image time series, N rep-
resents the number of the phases of an image slice time series
(that is, the number of the acquisition time points correspond-
ing to the image slices in an image slice time series, and the
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number equals to the number of the image slices of the image
slice time series), I, , represents the area (or another feature,
suich as perimeter or radius) of the moving object in an image
slice corresponding to the n™ phase of the i image slice time
series, I, represents the average value of the areas (or another
feature, such as perimeter or radius) of the moving object in
all image slices of the i image slice time series, and p(i,t)
represents the similarity between the motion trend informa-
tion of the maving object in the i image slice time series and
the motion trend information (the reference motion trend
information) of the moving object in the image slice time
series t that is predetermined as a template.

[0071] In the case where the reference motion trend infor-
mation of the moving object is the motion trend information
of the moving object in the image slice time series that is
predetermined as a template, 1,, represents the area (or
another feature such as perimeter or radius) of the moving
object in an image slice corresponding to the n™ phase of the
image slice time series that is predetermined as a template,
and I, represents the average value of the areas (or another
feature such as perimeter or radius) of the moving object in all
image slices of the image slice time series that is predeter-
mined as a template.

[0072] In the case where the reference motion trend infor-
mation of the moving object is the average motion trend
information of the moving object in all image slice time
series, I,,, represents the average value of the areas (or another
feature, such as perimeter or radius) of the moving object in
the image slices corresponding to the n phase of the respec-
tiveimage slice time series, and I represents the average value
ofthe areas (or another feature, such as perimeter or radius) of
the moving object in all image slices of the respective image
slice time series.

[0073] Additionally, preferably, in the case where the ref-
erence motion trend information of the moving object refers
to the average motion trend information of the moving object
in all the image slice time series, I, , and I, may be calculated
according to the above description after the values of the
feature (area, perimeter or radius) of the moving object in
multiple image slices of each image slice time series are
normalized. Thatis, I, , may represent the average value of the
normalized areas (or another feature, such as perimeter or
radius) of the moving object in the image slices correspond-
ing to the n™ phase of the respective image slice time series,
and [, represents the average value of the normalized areas (or
another feature, such as perimeter or radius) of the moving
object in all image slices in the respective image slice time
series.

[0074] Instep S530, itis determined whether the similarity
between the motion trend information of the moving object in
the i image slice time series and the reference motion trend
information is lower than a predetermined threshold. If the
similarity between the motion trend information of the mov-
ing object in the i” image slice time series and the reference
motion trend information is lower than the predetermined
threshold, which indicates that the contours acquired in the i”
image slice time series may have errors and need to be cor-
rected, the process proceeds to step S540; otherwise, the flow
directly proceeds to step S550.

[0075] In step S540, the contours of the moving object in
the i” image slice time series are corrected. According to an
embodiment of the present invention, the contours of the
moving object in the image slices in the i image slice time
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series may be corrected using the contours of the moving
object in the image slices of an image slice time series adja-
cent to the i” image slice time series.

[0076] In addition, if after the correction, the similarity
between the motion trend information of the moving object in
the i” image slice time series and the reference motion trend
information is still lower than the predetermined threshold,
which indicates that the corrected contours in the i” image
slice time series still have errors, then the i” image slice time
series may be removed from the three-dimensional image
time series so as to avoid an undesirable influence on the
subsequent processing.

[0077] Instep S550, it is determined whether all the image
slice time series have been subjected to the foregoing pro-
cessing. If all image slice time series have been subjected to
the foregoing processing, then the process is ended; other-
wise, the process returns to step S520 to continue to calculate
the similarity for a next image slice time series in the three-
dimensional image time series.

[0078] Inorderto facilitate understanding, FIG. 6 shows an
example of motion trends of a moving object in a plurality of
image slice time series and similarities between the motion
trends of the moving object and a reference motion trend. In
this example, a variation trend of the area of the contour of the
moving object is taken as a motion trend of the moving object.
The S0, S1, . .., S8 in the horizontal coordinate represent the
reference signs of the image slice time series in spatial loca-
tion. The vertical coordinate represents the area of the contour
of the moving object. The multiple vertical lines at the refer-
ence sign of an image slice time seties respectively represent
the areas of the contour of the moving object in multiple
image slices of the image slice time series. The variation trend
of these vertical lines can reflect the motion trend of the
moving object in the image slice time series. [n this example,
the motion trend of the moving object in the image slice time
series S5 is taken as a reference motion trend. In addition,
what shown below the horizontal coordinate is the similarity
between the motion trend of the moving object in each image
slice time series and the reference motion trend, which is
calculated using the NCC method. It can be seen from FIG. 6
that the motion trends of the moving object in image slice
time series S7 and S8 are significantly different from the
reference motion trend. Accordingly, the similarities calcu-
lated for S7 and S8 are also low.

[0079] Inorder to facilitate understanding, FIG. 7 shows an
example of the correcting of contours of a moving object in an
image slice time series. In this example, the image slice time
series S7 is a schematic diagram of an image slice time series
in a three-dimensional image time series acquired by an MRI
device in the short axis direction of a heart. In the example of
FIG. 7, the left ventricle is taken as the moving object. In FIG.
7, the binary image in the second row shows uncorrected
contours of the left ventricle in the image slice time series S7.
It can be seen that before being corrected, the contours of the
left ventricle in some image slices of the series S7 are greatly
different from the real contour of the left ventricle. It can be
determined by the foregoing similarity calculation that the
contours of left ventricle in the series S7 need to be corrected.
InFIG. 7, the binary images in the third row show uncorrected
contours of the left ventricle in an image slice time series S6.
The image slice time series S6 is an image slice time series
adjacent to the image slice time series S7. The contours in the
series S7 are corrected using the contours in the series S6 to
obtain corrected contours in the series S7, as shown by the
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binary images in the fourth row of FIG. 7. After being cor-
rected, the contours of the left ventricle in the series S7 are
substantially approximate to the real contour of the left ven-
tricle.

<2. A Left Ventricle Image Segmentation Method>

[0080] A left ventricle image segmentation method accord-
ing to embodiments of the present invention is described
below with reference to FIG. 8-13. The left ventricle image
segmentation method according to the embodiments of the
present invention is configured to acquire contours of a left
ventricle from a three-dimensional medical image time
series. Typically, a contour of a left ventricle refers to a
contour of an endocardium (endocardial contour) of the left
ventricle. Preferably, the left ventricle image segmentation
method according to the embodiments of the present inven-
tion may be also configured to extract a contour of an epicar-
dium (epicardial contour) of the left ventricle so as to deter-
mine a myocardium by combining the extracted endocardial
contour with the extracted epicardial contour. The three-di-
mensional medical image time series includes a plurality of
three-dimensional images acquired respectively at a plurality
of time points in a period including at least one cardiac cycle.
Each of the three-dimensional images consists of a plurality
of parallel two-dimensional image slices that are intersected
with a long axis of the let ventricle, and the two-dimensional
image slices located at the same location in the plurality of
three-dimensional images form an image slice time series.
[0081] FIG. 8 is a schematic flow chart illustrating a left
ventricle image segmentation method according to an
embodiment of the present invention. In this embodiment,
considering that the endocardial contour and the epicardial
contour of the left ventricle are both curves, and the endocar-
dial contour tends to be influenced by a papillary muscle and
the epicardial contour is relatively blurry, the original image
slice is converted into a polar coordinate system so that the
contours of the endocardium and the epicardium can be
extracted from the image slice more accurately.

[0082] In order to facilitate understanding, FIG. 9 shows a
schematic diagram illustrating a conversion relationship
between a Euclidean coordinate system and a polar coordi-
nate system. In this figure, the origin of the Euclidean coor-
dinate system corresponds to the pole of the polar coordinate
system. The horizontal coordinate in the polar coordinate
system represents the angle of a line connecting the origin
with a point in the Euclidean coordinate system with respect
to the positive direction of the horizontal axis of the Euclidean
coordinate systen, and the vertical coordinate in the polar
coordinate system represents a distance between the origin
and a point in the Euclidean coordinate system. After being
converted to the polar coordinate system, the circles with
different radiuses in the Euclidean coordinate system are
presented as straight lines with different heights. On the other
hand, after being converted to the Euclidean coordinate sys-
tem, the straight lines with different heights in the polar
coordinate system are presented as circles with different radi-
uses.

[0083] Returning to FIG. 8, in step S810, a pole for polar
coordinate conversion is acquired in each image slice. The
pole is typically the center of the contour of the left ventricle
in the image slice. The pole may be marked manually or
determined by an appropriate method in the art. According to
an embodiment of the present invention, the left ventricle is
taken as a moving object and a contour of the left ventricle is
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extracted by using the moving object contour extraction
method described in foregoing embodiments from a three-
dimensional medial image time series as an initial contour of
the left ventricle, and the center of the initial contour of the
left ventricle in an image slice is taken as the pole in the image
slice.

[0084] In step S820, each image slice is converted to the
polar coordinate system based on the pole in the image slice.
In actual applications, in order into reduce the amount of
calculation, only the motion region part in the image slice,
rather than the whole image slice, is converted into the polar
coordinate system.

[0085] In step S830, the endocardial contour of the left
ventricle in each image slice is acquired in the polar coordi-
nate system as the contour of the left ventricle in the image
slice. The conversion to the polar coordinate system allows
the detection of the endocardial contour and the epicardial
contour to be easy and accurate. In the polar coordinate sys-
tem, the contour of the endocardium is approximate to a
straight line, and the extraction of the contour of the epicar-
dium becomes easy as well. In addition, in the polar coordi-
nate system, various types of information of a projection in
the circumferential direction (the horizontal direction, the
direction of the horizontal axis) such as brightness (typically
represented with a pixel value) and edge can be used, which
will be described later.

[0086] In step S840, the contour of the left ventricle
acquired in the polar coordinate system is mapped to the
corresponding original image slice. In the left ventricle, the
endocardial contour acquired by a common method may be
relative small due to the influence of the papillary muscle.
Therefore, in the acquiring of the endocardial contour of the
left ventricle, it is an important task to eliminate the influence
of the papillary muscle and to contain the papillary muscle in
a range defined by the endocardial contour so as to acquire a
bigger and more accurate endocardial contour.

[0087] The endocardial contour of the left ventricle in each
image slice can be acquired in the polar coordinate system
using any appropriate existing method. It is described below
a method for acquiring the endocardial contour of the left
ventricle in each image slice in the polar coordinate system
according to an embodiment of the present invention.

[0088] According to an embodiment of the present inven-
tion, in the case where a contour of a left ventricle is acquired
from the three-dimensional medial image time series using
the moving object contour extraction method described in a
foregoing embodiment as the initial contour of the left ven-
tricle, and a center of the initial contour of the left ventricle in
an image slice is taken as the pole in the image slice, the
endocardial contour of the left ventricle in each image slice
can be acquired using the initial contour of the left ventricle in
the image slice. Specifically, the initial contour of the left
ventricle in each image slice can be converted to the polar
coordinate system based on the pole in the image slice and
then is smoothed in the polar coordinate system to obtain an
endocardial contour in the image slice.

[0089] In order to facilitate understanding, FIG. 10a and
FIG. 105 are schematic diagrams illustrating the conversion
of an initial contour of a left ventricle to a polar coordinate
system. FIG. 10a shows a schematic original image slice, in
which the solid line frame in a substantially rectangular shape
represents a motion region and the solid line in a substantially
circular shape schematically shows the initial contour of the
left ventricle. FIG. 105 is a schematic diagram illustrating an
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image obtained by converting the original image slice shown
in FIG. 10a to a polar coordinate system by taking the center
of the initial contour in the image slice as a pole. The initial
contour of the left ventricle in a substantially circular shape in
FIG. 10a is presented as a contour in a shape of approximate
straight-line in the polar coordinate system. The protrusion on
the contour represents the part where the papillary muscle is
located. In this embodiment, the initial contour in an image
slice can be smoothed in the polar coordinate system using
any appropriate method to eliminate the influence of the
papillary muscle and to acquire an endocardial contour in an
approximate straight-line shape.

[0090] According to another embodiment of the present
invention, a rough location of the endocardial contour is
determined in the polar coordinate system using a circumfer-
ential directional projection of an image slice, and then the
endocardial contour is acquired from an edge image of the
image slice using a straight-line detection method. Specifi-
cally, edges in each image slice can be detected; a radius of the
endocardial contour of the left ventricle in each image slice is
acquired in the polar coordinate system using a circumferen-
tial directional projection (a horizontal projection) of a gray
scale image of each image slice; and the endocardial contour
of the left ventricle is acquired in the polar coordinate system
from the edges nearby the radius of the endocardial contour of
the left ventricle by using a straight-line detection method. It
can be seen from the original image slice of the left ventricle
that the grey scale of the myocardium of the left ventricle is
smaller than that of the part inside the left ventricle. Accord-
ingly, the location where a pixel value drops sharply in the
circumferential directional projection of the gray scale image
of the image slice can be taken as the location of the radius of
the endocardial contour.

[0091] Inorder to facilitate understanding, FIG. 11 shows a
schematic diagram illustrating a circumferential directional
projection of a gray scale image of an image slice in a polar
coordinate system. In FIG. 11, the horizontal coordinate rep-
resents a row in a gray scale image of an image slice, and the
vertical coordinate represents a sum or average of the pixel
values in a row. An image slice is divided into rows by taking
one or more pixels as a unit, depending on different demands
on accuracy. As shown in FIG. 11, it is determined that the
location where the sum or average of pixel values drops
sharply is the location of the radius R, ,, of the endocardial
contour.

[0092] According to another embodiment of the present
invention, the two methods for acquiring an endocardial con-
tour may be combined. Specifically, in this embodiment,
edges in each image slice is detected; a first radius of the
endocardial contour of the left ventricle in each image slice is
acquired in the polar coordinate system using the circumfer-
ential directional projection of the gray scale image of each
image slice; a second radius of the endocardial contour of the
left ventricle in each image slice is acquired based on the
initial contour of the left ventricle in each image slice; and the
endocardial contour of the left ventricle is acquired in the
polar coordinate system from the edges nearby an average
location of the first and second radiuses of the endocardial
contour of the left ventricle using a straight-line detection
method. It should be appreciated that weighted averaging
may be performed on the first and second radiuses according
to application requirements.

[0093] In the foregoing embodiments of acquiring an
endocardial contour, the straight-line detection method may

endo
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be a Hough transformation method. In addition, in the process
of smoothing the initial contour, the initial contour in an
image slice may be fitted in the polar coordinate system using
the Hough transformation method to obtain an endocardial
contour containing the papillary muscle in the range of the
endocardial contour. Compared with other methods, the
Hough transformation method, when being used for fitting
edge pixels (also referred to as edge points), can obtain a
contour containing most of the edge points and eliminate the
influence of the edge points such as the papillary muscle and
noises. While in the other methods, generally edge pixels with
small radiuses are also taken into account, thereby these
methods tend to be influenced by the papillary muscle.

[0094] In addition to acquiring the endocardial contour of
the left ventricle, an epicardial contour of the left ventricle
may also be acquired in the left ventrical image segmentation
method according to an embodiment of the present invention.
The thickness of the myocardium can be determined accord-
ing to the endocardial contour and the epicardial contour of
the left ventricle.

[0095] According to an embodiment of the present inven-
tion, the edge pixels of an endocardial contour and the thick-
ness of a myocardium can be determined using a circumfer-
ential directional projection of an image slice, so as to
determine a rough location of the epicardial contour in a polar
coordinate system, and then the epicardial contour can be
acquired from an edge image of the image slice using a curve
fitting method. Specifically, edges in each image pile can be
detected; a radius of the endocardial contour of the left ven-
tricle in each image slice is acquired in the polar coordinate
system using a circumferential directional projection of a
gray scale image of each image slice; a thickness of the
myocardium of the left ventricle is determined in the polar
coordinate system using a circumferential directional projec-
tion of an edge image of each image slice and the radius of the
endocardial contour of the left ventricle in the image slice,
thereby to acquire a radius of the epicardial contour of the left
ventricle in each image slice; the epicardial contour of the left
ventricle is acquired in the polar coordinate system from the
edges nearby by the radius of the epicardial contour of the left
ventricle using a curve fitting method; and the epicardial
contour of the left ventricle is mapped to a corresponding
original image slice.

[0096] Inorder to facilitate understanding, FIG. 12a shows
a schematic diagram illustrating an edge image of an image
slice in a polar coordinate system, and FIG. 126 shows a
schematic diagram illustrating a circumferential directional
projection the edge image showninF1G. 12a. InFI1G. 125, the
horizontal coordinate represents a row in the edge image of
the image slice, and the vertical coordinate represents a sum
or average of the pixel values in a row. An image slice may be
divided into rows by taking one or more pixels as a unit,
depending on different demands on accuracy. As shown in
FIG. 125, a location where the sum or average of pixel values
drops sharply is determined as the location of the radius R, ;,
of the endocardial contour. In the edge image, the myocar-
dium part between the endocardial and epicardial contours
substantially contains no edge. Therefore, there is a gap
between the endocardial contour and the epicardial contour in
the circumferential directional projection. Thus, as shown in
FIG. 125, the gap immediately next to the radius R, ,, of the
endocardial contour is determined as the thickness of the
myocardium between the endocardial contour and the epicar-
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dial contour, and the location behind the gap is determined as
the location of the radius R, of the epicardial contour.
[0097] Inorder to facilitate understanding, FIG. 13a shows
a schematic diagram illustrating an endocardial contour and
an epicardial contour acquired in a polar coordinate system
according to the foregoing embodiments. In FIG. 13a, the
upper contour line represents an endocardial contour, and the
lower contour line represents an epicardial contour. FIG. 136
shows a schematic diagram illustrating conversion of the
endocardial and epicardial contours acquired in FIG. 13ato a
schematic original image slice. The endocardial contour (rep-
resented with a line formed of hollow dots) shown in FIG. 135
is relatively smooth and includes no protrusion, that is, the
influence of the papillary muscle is eliminated.

[0098] In addition, according to an embodiment of the
present invention, in the case where the moving object con-
tour extraction method according to a foregoing embodiment
is used to extract contours of a left ventricle from a three-
dimensional medial image time series as initial contours of
the left ventricle and a center of the initial contour of the left
ventricle in each image slice 1s determined as a pole of the
image slice, when recognizing the candidate regions of the
moving object from the motion region of each image slice
time series, the candidate regions of the left ventricle can be
recognized from the motion region of each image slice time
series according to multiple graphic features of the motion
region of the image slice time series and an estimated central
location of the left ventricle. As an example, the multiple
graphic features of the motion region may be multiple graphic
features of a connected region in the motion region being
binarized.

[0099] In the process of recognizing candidate regions of
the left ventricle automatically, due to that after the image
slice is binarized and connected regions are marked in the
image slice, the connected regions have various shapes and
sizes, especially for the apex and the base, recognizing a
candidate region of the left ventricle becomes difficult. In the
apex part, the LV region is small and looks like noises if no
other adjacent information can be acquired. In the base part,
the LV region is always connected with a right ventricle (RV).
In view of'this, in this embodiment, a candidate region of the
LV can be recognized using multiple graphic features of the
connected region in a motion region. The features include, for
example, all or part of the followings: area, circularity ratio,
compactness, rectangularity, eccentricity and centroid dis-
tance variance. Here, the circularity ratio indicates how
approximate the shape of a connected region 1s to a circle, the
compactness indicates the ratio of the area of a connected
region to the minimum border frame of the connected region,
the rectangularity indicates the ratio of the width to the height
or the height to the width of a connected region, the eccen-
tricity indicates the ratio of the length of the primary axis to
the secondary axis of a connected region, and the centroid
distance variance indicates the variance of a distance from an
edge point to the centroid of a connected region.

[0100] In addition of the graphic features of the connected
region, the location of the LV is also used to allow the recog-
nition of the LV to be more accurate. Here, a manually-noted
LV central location or an estimated LV central location can be
used. As a specific example, the central location of an LV can
be estimated using an initial contour of the LV in an image
slice time series that is predetermined as a template. Typi-
cally, the image slice time series that is predetermined as a
template is the one located in the middle of all image slice
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time series, and the shape of the LV is more normal in such an
image slice time series. In addition, the central line of the LV
in a three-dimensional space can be fitted to assist the recog-
nition. Candidate regions of the LV in the image slice time
series that is predetermined as a template can be recognized
using the graphic features of a connected region, and the
center of each candidate region of the IV can be calculated as
an estimated center of the LV.

[0101] Considering that the estimated central location of
the LV is a relatively reliable feature, in an embodiment, in
recognizing a candidate region of the left ventricle, a weight
higher than those of the multiple graphic features is assigned
to the estimated central location of the left ventricle.

<3. A Moving Object Contour Extraction Apparatus>

[0102] A moving object contour extraction apparatus
according to embodiments of the present invention is
described below with reference to FIG. 14-FIG. 17. The mov-
ing object contour extraction apparatus is configured to
extract contours of a moving object which performs a deform-
ing motion from a three-dimensional image time series. The
three-dimensional image time series includes a plurality of
three-dimensional images acquired at a plurality of time
points. Each of the three-dimensional images consists of a
plurality of parallel two-dimensional image slices. The two-
dimensional image slices located at the same location in the
three-dimensional images form an image slice time series. It
should be appreciated that the moving object contour extrac-
tion apparatus according to the embodiments of the present
invention may be used to extract contours of a moving object
from various types of three-dimensional image time series.
As an example but not a limitation, the three-dimensional
image time series may be a medical image series formed by
data on an examinee obtained by a medial diagnostic imaging
device.

[0103] FIG. 14 is a schematic block diagram illustrating a
moving object contour extraction apparatus according to an
embodiment of the present invention. As shown in FIG. 14,
the moving object contour extraction apparatus 1400 includes
a contour acquisition unit 1410 and a contour correction unit
1420. The contour acquisition unit 1410 is configured to
acquire a contour of a moving object in each image slice. The
contour correction unit 1420 is configured to correct the con-
tours of the moving object in the image slices in at least one
image slice time series based on motion trend information of
the moving object in each of a plurality of image slice time
series.

[0104] Here, the contour of the moving object may be
acquired by various existing methods. As an example, FIG. 15
shows a schematic block diagram illustrating a contour acqui-
sition unit according to an embodiment of the present inven-
tion. As shown in FIG. 15, a contour acquisition unit 1500
includes a motion region detection unit 1510, a motion region
adjustment unit 1520 and a moving object recognition unit
1530. The motion region detection unit 1510 is configured to
detect a motion region of each image slice time series based
on variations of the values of pixels in the image slice time
series over time. The motion region adjustment unit 1520 is
configured to adjust the motion regions of other image slice
time series in the three-dimensional image time series than a
predetermined image slice time series by taking the motion
region of the predetermined image slice time series as a
reference. Specifically, the motion region adjustment unit
1520 may adjust a motion region using the method described
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in step S220 shown in FIG. 2. The moving object recognition
unit 1530 is configured to recognize candidate regions of the
moving object from the motion regions of each image slice
time series and take contours of the candidate regions as the
contours of the moving object.

[0105] According to an embodiment of the present inven-
tion, the predetermined image slice time series to be used in
the motion region adjustment unit 1620 can be determined
using the features extracted from the motion region of each
image slice time series. FIG. 16 is a schematic block diagram
illustrating the contour acquisition unit according to this
embodiment. As shown in FIG. 16, a contour acquisition unit
1600 includes a motion region detection unit 1610, a motion
region adjustment unit 1620, a moving object recognition unit
1630 and a classification unit 1640,

[0106] The motion region detection unit 1610, the motion
region adjustment unit 1620 and the moving object recogni-
tion unit 1630 are substantially identical to the motion region
detection unit 1510, the motion region adjustment unit 1520
and the moving object recognition unit 1530 included in the
contour acquisition unit 1500 shown in FIG. 15, and thus will
not be described repeatedly herein.

[0107] The classification unit 1640 is configured to deter-
mine the predetermined image slice time series to be used in
the motion region adjustment unit 1620 using at least one of
the following features extracted from the motion region of
each image slice time series: an average pixel value, a ratio of
white connected region in a binary image of the motion
region, an image slice index, and a ratio of white connected
region in a plurality of sub-regions of a binary image of the
motion region. As a specific implementation mode, the clas-
sification unit 1640 may determine the predetermined image
slice time series using the machine learning method described
in the forgoing embodiments of a moving object contour
extraction method.

[0108] According to another embodiment of the present
invention, a contour acquisition unit has a substantially iden-
tical structure with the contour acquisition unit 1600 shown in
FIG. 16 except that a classification unit may be configured to
determine two image slice time series respectively corre-
sponding to two ends of the moving object using at least one
of the following features extracted from the motion region of
each image slice time series: an average pixel value, a ratio of
white connected region in a binary image of the motion
region, an image slice index, and a ratio of white connected
region in a plurality of sub-regions of a binary image of the
motion region. In this embodiment, the contour acquisition
unit can acquire the contours of the moving object in the
image slices of the image slice time series between the two
image slice time series, rather than acquiring the contours of
the moving object for all image slice time series.

[0109] After the contours of the moving object are
acquired, the acquired contours of the moving object are
corrected based on motion trend information of the moving
object. FIG. 17 is a schematic block diagram illustrating a
contour correction unit according to an embodiment of the
present invention. As shown in FIG. 17, a contour correction
unit 1700 includes a motion trend determination unit 1710, a
similarity calculation unit 1720 and a correction execution
unit 1730.

[0110] The motion trend determination unit 1710 is config-
ured to determine the motion trend information of the moving
object in each image slice time series.
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[0111] The similarity calculation unit 1720 is configure to
calculate a similarity between the motion trend information
of the moving object in each image slice time series and
reference motion trend information of the moving object.
According to an embodiment of the present invention, the
similarity calculation unit 1720 is configured to calculate
average motion trend information of the moving object in all
image slice time series as the reference motion trend infor-
mation of the moving object, or to take motion trend infor-
mation of the moving object in the mage slice time series that
is predetermined as a template as the reference motion trend
information of the moving object. In addition, the similarity
calculation unit 1720 may calculate the similarity using the
similarity calculation method described in step S520 shown
in FIG. 5, such as the normalized cross correlation algorithm.
[0112] The correction execution unit 1730 is configured to
correct the contours of the moving object in the image slices
in a certain image slice time series if the similarity between
the motion trend information of the moving object in the
certain image slice time series and the reference motion trend
information is lower than a predetermined threshold. Accord-
ing to anembodiment of the present invention, the contours of
the moving object in the image slices in the certain image
slice time series may be corrected with the contours of the
moving object in the image slices in an image slice time series
adjacent to the certain image slice time series. According to
another embodiment of the present invention, the correction
execution unit 1730 removes the certain image slice time
series from the three-dimensional image time series if the
similarity between the motion trend information of the mov-
ing object in the image slices in the certain image slice time
series and the reference motion trend information is still
lower than the predetermined threshold afier the correction.

[0113] More detailed operations of each component in the
moving objection contour extraction apparatus can be under-
stood by reference to the above description of the moving
objection contour extraction method according to the
embodiments of the present invention and therefore are not
described repeatedly here.

[0114] The moving objection contour extraction apparatus
according to the embodiments of the present invention uti-
lizes the motion trend of the moving object to correct the
contours of the moving object so that the deformation of the
moving object is turned into a beneficial factor for facilitating
determining and removing error contours. In addition, by
taking the motion region of the predetermined image slice
time series which suffers the least interference as a reference
to adjust the motion regions of the other image slice time
series, the interference in the other image slice time series
may be eliminated. Further, by determining the image slice
time series in the three-dimensional image time series corre-
sponding to two ends of the moving object, there is no need to
extract the contours from the image slice time series outside
the two ends of the moving object, thus reducing the amount
of calculation and avoiding an undesired influence on the
subsequent processing. In addition, the image slice time
series in the three-dimensional time series corresponding to
the two ends of the moving object can be accurately deter-
minedbased on at least one feature of the moving region using
a machine learning method such as an SVM classifier.

<4. A Left Ventricle Image Segmentation Apparatus™>

[0115] A left ventricle image segmentation apparatus
according to embodiments of the present invention is
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described below with reference to FIG. 18 to FIG. 21. The left
ventricle image segmentation apparatus is configured to
acquire contours of a left ventricle from a three-dimensional
medical image time series. The three-dimensional medical
image time series includes a plurality of three-dimensional
images acquired at a plurality of time points in a period
including at least one cardiac cycle. Each of the three-dimen-
sional images consists of a plurality of parallel two-dimen-
sional image slices that are intersected with a long axis of the
left ventricle, and the two-dimensional image slices located at
the same location in the three-dimensional images form an
image slice time series.

[0116] FIG. 18 is a schematic block diagram illustrating a
left ventricle image segmentation apparatus according to an
embodiment of the present invention. As shown in FIG. 18,
the left ventricle image segmentation apparatus 1800
includes a pole acquisition unit 1810, a coordinate conversion
unit 1820 and an endocardial contour acquisition unit 1830.
The pole acquisition unit 1810 is configured to acquire a pole
in each image slice for polar coordinate conversion. The
coordinate conversion unit 1820 is configured to convert each
image slice into a polar coordinate system based on the pole
in the image slice, and to map a contour of the left ventricle
acquired by the endocardial contour acquisition unit 1830 to
a corresponding original image slice. The endocardial con-
tour acquisition unit 1830 is configured to acquire, in the
polar coordinate system, an endocardial contour of the left
ventricle in each image slice as the contour of the left ventricle
in the image slice.

[0117] The pole may be marked manually or determined by
an appropriate method in the art. FIG. 19 is a schematic block
diagram illustrating a pole acquisition unit according to an
embodiment of the present invention. In FIG. 19, the pole
acquisition unit 1900 includes a moving object contour
extraction unit 1910 and a pole determination unit 1920. The
moving object contour extraction unit 1910 is configured to
extract contours of the left ventricle from the three-dimen-
sional image time series as initial contours of the left ven-
tricle. The moving object contour extraction unit 1910 may be
implemented by the moving object contour extraction appa-
ratus according to an embodiment of the present invention,
taking the left ventricle as the moving object. The pole deter-
mination unit 1920 is configured to determine a center of the
initial contour of the left ventricle in each image slice as the
pole in the image slice.

[0118] The endocardial contour acquisition unit 1830 can
acquire the endocardial contour of the left ventricle in each
image slice in the polar coordinate system using any appro-
priate existing method.

[0119] According to an embodiment of the present inven-
tion, the coordinate conversion unit 1820 is further configured
to convert the initial contour ofthe left ventricle in each image
slice that is acquired by the moving object contour extraction
unit 1910 of the pole acquisition unit 1900 to the polar coor-
dinate system based on the pole in each image slice. The
endocardial contour acquisition unit 1830 is further config-
ured to smooth the initial contour in each image slice in the
polar coordinate system to acquire the endocardial contour in
each image slice. For instance, the endocardial contour acqui-
sition unit 1830 may smooth the initial contour of the left
ventricle in each image slice using a Hough transformation
method. Thus, the final endocardial contour can be acquired
based on the initial contour of the left ventricle acquired by
the moving object contour extraction unit 1910.
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[0120] According to another embodiment of the present
invention, the endocardial contour acquisition unit 1830 may
determine a rough location of the endocardial contour in the
polar coordinate system using a circumferential directional
projection of an image slice, and then acquire the endocardial
contour from an edge image of the image slice using a
straight-line detection method. FIG. 20 is a schematic block
diagram illustrating a left ventricle image segmentation appa-
ratus according to another embodiment of the present inven-
tion. As shown in FIG. 20, the left ventricle image segmen-
tation apparatus 2000 includes a pole acquisition unit 2010, a
coordinate conversion unit 2020, an endocardial contour
acquisition unit 2030 and an edge detection unit 2040. The
pole acquisition unit 2010 and the coordinate conversion unit
2020 are substantially identical to the pole acquisition unit
1810 and the coordinate conversion unit 1820 shown in FIG.
18. The edge detection unit 2040 is configured to detect edges
in each image slice. It should be appreciated that the edge
detection unit 2040 can detect the edges of each image slice in
the polar coordinate system or in the Euclidean coordinate
system, and then convert the edge image to the polar coordi-
nate system. The endocardial contour acquisition unit 2030 is
further configured based on the endocardial contour acquisi-
tion unit 1830 shown in the FIG. 18 to acquire, in the polar
coordinate system, a radius of the endocardial contour of the
left ventricle in each image slice using a circumferential
directional projection of a gray scale image of each image
slice; and to acquire the endocardial contour of the left ven-
tricle from the edges nearby the radius of the endocardial
contour of the left ventricle using a straight-line detection
method.

[0121] According to another embodiment of the present
invention, in the case where the moving object contour
extraction unit 1910 is implemented by the moving object
contour extraction apparatus according to an embodiment of
the present invention, the endocardial contour acquisition
unit 2030 may be further configured to acquire the endocar-
dial contour in the following way: acquire, in the polar coor-
dinate systemny, a first radius of the endocardial contour of the
left ventricle in each image slice using a circumferential
directional projection of a gray scale image of each image
slice, acquire a second radius of the endocardial contour of
the left ventricle in each image slice based on the initial
contour of the left ventricle in each image slice, and acquire,
in the polar coordinate system, the endocardial contour of the
left ventricle from the edges nearby an average location of the
first and second radiuses of the endocardial contour of the left
ventricle using a straight-line detection method.

[0122] In the foregoing embodiments, the straight-line
detection method used by the endocardial contour acquisition
unit may be a Hough transformation method.

[0123] Inorder to further acquire the contour of the epicar-
dium of the left ventricle, the left ventricle image segmenta-
tion apparatus according to an embodiment of the present
invention may further comprise an epicardial contour acqui-
sition unit. FIG. 21 shows a schematic block diagram illus-
trating a left ventricle image segmentation apparatus accord-
ing to a further embodiment of the present invention. As
shown in FIG. 21, the left ventricle image segmentation appa-
ratus 2100 includes a pole acquisition unit 2110, a coordinate
conversion unit 2120, an endocardial contour acquisition unit
2130, an edge detection unit 2140 and an epicardial contour
acquisition unit 2150. The pole acquisition unit 2110, the
coordinate conversion unit 2120 and the endocardial contour
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acquisition unit 2130 are substantially identical to the pole
acquisition unit 1810, the coordinate conversion unit 1820
and the endocardial contour acquisition unit 1830 shown in
FIG. 18. The edge detection unit 2140 is configured to detect
edges in each image slice. The epicardial contour acquisition
unit 2150 is configured to acquire an epicardial contour of the
left ventricle. Specifically, the endocardial contour acquisi-
tion unit 2130 is further configured to acquire, in a polar
coordinate system, a radius of an endocardial contour of the
left ventricle in each image slice using a circumferential
directional projection of a gray scale image of each image
slice. The epicardial contour acquisition unit 2150 is config-
ured to acquire, in the polar coordinate system, a radius of the
epicardial contour of the left ventricle in each image slice
using a circumferential directional projection of an edge
image of each image slice and the radius of the endocardial
contour of the left ventricle in the image slice, and to acquire,
in the polar coordinate system, the epicardial contour of the
left ventricle from the edges nearby the radius of the epicar-
dial contour of the left ventricle using a curve fitting method.
Further, in order to present the acquired epicardial contour,
the coordinate conversion unit 2120 is further configured to
map the epicardial contour of the left ventricle to a corre-
sponding original image slice.

[0124] In addition, according to an embodiment of the
present invention, when the moving object contour extraction
unit in the pole acquisition unit of the left ventricle image
segmentation apparatus is implemented by the moving object
contour extraction apparatus according to an embodiment of
the present invention, the moving object recognition unit in
the moving object contour extraction apparatus recognizes
the candidate regions of the left ventricle from the motion
region of each image slice time series according to multiple
graphic features of the motion region of the image slice time
series and an estimated central location of the left ventricle.
The estimated central location of the left ventricle may have
a greater weight than the multiple graphic features.

[0125] More detailed operations on each component in the
left ventricle image segmentation apparatus can be under-
stood by reference to related description on the left ventricle
image segmentation method and the moving objection con-
tour extraction method according to the foregoing embodi-
ments of the present invention and therefore are not repeated
here.

[0126] In the left ventricle image segmentation apparatus
according to embodiments of the present invention, an origi-
nal image slice is converted to a polar coordinate system so
that the endocardial contour which is originally a curve and
blurry is presented as an approximate straight-line and rela-
tively clear, thereby facilitating the more accurate segmenta-
tion of the left ventricle from an image slice. Further, the
initial contour of the endocardium is smoothed in the polar
coordinate system through a Hough conversion, or the con-
tour of the endocardium is fitted from the edge pixel points of
the endocardium using a straight-line detection method such
as a Hough transformation method in the polar coordinate
system, thus eliminating the influence caused by a papillary
muscle. In addition, the rough locations of the endocardial
and epicardial contours can be accurately determined using
the projection of an image slice in the horizontal direction.

<5. A Computer Structure Capable of Implementing the
Methods/Apparatuses in the Preset Disclosure>

[0127] As an example, the respective steps of the above-
described moving object contour extraction method and the
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respective modules and/or units of the above-described mov-
ing object contour extraction apparatus may be implemented
as software, firmware, hardware or the combination thereofin
amedical diagnostic apparatus (e.g. X-ray diagnostic device,
UL diagnostic device, CT device, MRI diagnostic device or
PET device), and serve as a part of the medical diagnostic
apparatus. As an example, the respective steps of the above-
described left ventrical image segmentation method and the
respective modules and/or units of the above-described left
ventrical image segmentation apparatus may be implemented
as software, firmware, hardware or the combination thereofin
amedical diagnostic apparatus (e.g. X-ray diagnostic device,
UL diagnostic device, CT device, MRI diagnostic device or
PET device), and serve as a part of the medical diagnostic
apparatus. The above-described methods and/or apparatuses
may be implemented in an existing medical diagnostic device
by making some modification on the sections of the existing
medical diagnostic device. As another example, the respec-
tive steps of the above-described methods and the respective
modules and/or units of the above-described apparatuses may
be implemented as an apparatus separately from the above-
described medical diagnostic apparatus. The specific means
or approaches that may be used in configuring the modules
and units in the foregoing apparatuses through software, firm-
ware, hardware or any combination thereof are well known to
those skilled in the art and therefore will not be repeatedly
described.

[0128] As an example, the steps of the above-described
methods and the modules and/or units of the above-described
apparatuses may be implemented as software, firmware,
hardware or any combination thereof. In the case where the
steps of the above-described methods and the modules and/or
units of the above-described apparatuses are implemented
through software or firmware, a program constituting the
software for implementing the above-described methods may
be installed in a computer (e.g. the general computer 2200
shown in FIG. 22) with a dedicate hardware structure from a
storage medium or a network, and the computer, when
installed with various programs, is capable of perform various
functions.

[0129] InFIG. 22, acentral processing unit (i.e. CPU) 2201
executes various processes according to the programs stored
in a read-only memory (ROM) 2202 or programs loaded to a
random access memory (RAM) 2203 from a storage part
2208. Data needed by the CPU 2201 to execute the various
processes are also stored in the RAM 2203 as required. The
CPU 2201, the ROM 2202 and the RAM 2203 are connected
with each other via a bus 2204. An input/output interface 2205
is also connected to the bus 2204.

[0130] The following parts are connected to the input/out-
put (I/O) interface 2205: an input part 2206 (including a
keyboard, a mouse and etc.), an output part 2207 (including a
display such as a cathode-ray tube (CRT) or a liquid crystal
display (LCD), and a speaker, etc.), the storage part 2208
(including a hard disk, etc.), and a communication part 2209
(including a network interface card such as an LAN card, a
MODEM and etc.). The communication part 2209 executes
communication processing via a network such as the Internet.
A driver 2210 can also be connected to the input/output
interface 2205 as required. A removable medium 2211 such
as a magnetic disk, an optical disk, a magneto-optical disk or
a semiconductor memory can be mounted on the driver 2210
as required, such that the computer program read out there-
from is installed into the storage part 2208 as required.
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[0131] In the case that the above series of processes are
implemented by software, a program constituting the soft-
ware is installed from a network such as the Internet or from
a storage medium such as the removable medium 2211.

[0132] Itis to be understood by those skilled in the art that
such storage medium is not limited to the removable medium
2211 storing programs therein and distributing the programs
to a user(s) dependently from a device. Examples of the
removable medium 2211 include a magnetic disk (including
a Floppy Disk (registered trademark)), an optical disk (in-
cluding a Compact Disk-Read Only Memory (CD-ROM) and
a Digital Versatile Disc (DVD)), a magneto-optical disk (in-
cluding a Microdisk (MD) (registered trademark)) and a
semiconductor memory. Alternatively, the storage medium
can be the ROM 2202, a hard disk contained in the storage
part 2208, etc., in which programs are stored and which is
distributed to a user(s) along with a device the storage
medium is contained in.

[0133] The present invention further provides a program
product in which computer-readable instruction codes are
stored. The instruction codes, when read and executed by a
machine, can execute the methods according to the embodi-
ments of the present invention.

[0134] Correspondingly, the storage medium for carrying
the program product storing machine-readable instruction
codes is also incorporated in the disclosure of the present
invention. The storage medium includes, but is not limited to,
a flexible disk, an optical disk, a magneto-optical disk, a
storage card and a storage stick.

[0135] In the above description of the specific embodi-
ments of the present invention, features described and/or
illustrated with respect to one embodiment can be used in one
or more other embodiments in an identical or similar manner,
be combined with features in other embodiments, or replace
features in other embodiments.

[0136] It should be emphasized that, the term “comprise/
include”, as used in the present description, refers to the
presence of features, sections, steps or components, but does
not exclude the presence or addition of one or more other
features, sections, steps or components.

[0137] In the above embodiments and examples, the steps
and/or units are represented with a reference sign consisting
of numbers. It should be understood by those of ordinary skill
of the art that the reference signs are merely intended to
facilitate description and drawing depiction, but are not to be
construed as indicating the orders ofthe steps and/or units nor
a limitation on any other aspect.

[0138] Furthermore, the methods of the present invention
are not limited to being executed in the temporal orders as
described in the specification, but can also be executed in
other temporal order, in parallel or separately. Therefore, the
execution orders of the methods described in the present
specification do not constitute limitation to the technical
scope of the present invention.

[0139] 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
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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. A moving object contour extraction apparatus for
extracting from a three-dimensional image time series con-
tours of amoving object which performs a deforming motion,
the three-dimensional image time series comprising a plural-
ity of three-dimensional images acquired at a plurality of time
points, each of the three-dimensional images consisting of a
plurality of parallel two-dimensional image slices, and the
two-dimensional image slices located at the same location in
the plurality of three-dimensional images forming an image
slice time series, the apparatus comprising:
a contour acquisition unit configured to acquire a contour
of the moving object in each image slice; and

acontour correction unit configured to correct the contours
of the moving object in the image slices of at least one
image slice time series based on motion trend informa-
tion of the moving object in each of a plurality of the
image slice time series.

2. The apparatus according to claim 1, wherein the contour
correction unit comprises:

amotion trend determination unit configured to determine
motion trend information of the moving object in each
image slice time series;

a similarity calculation unit configured to calculate a simi-
larity between the motion trend information of the mov-
ing object in each image slice time series and reference
motion trend information of the moving object; and

a correction execution unit configured to correct the con-
tours of the moving object in the image slices of a certain
image slice time series if the similarity between the
motion trend information of the moving object in the
certain image slice time series and the reference motion
trend information is lower than a predetermined thresh-
old.

3. The apparatus according to claim 2, wherein the simi-
larity calculation unit is configured to calculate average
motion trend information of the moving object in the plurality
of image slice time series as the reference motion trend infor-
mation of the moving object, or to take the motion trend
information of the moving object in an image slice time series
that is predetermined as a template as the reference motion
trend information of the moving object.

4. The apparatus according to claim 2, wherein the simi-
larity calculation unit is configured to calculate the similarity
using a normalized cross correlation algorithm.

5. The apparatus according to claim 2, wherein the correc-
tion execution unit is configured to correct the contours of the
moving object in the image slices of the certain image slice
time series with the contours of the moving object in the
image slices of an image slice time series adjacent to the
certain image slice time series.

6. The apparatus according to claim 5, wherein the correc-
tion execution unit is further configured to remove the certain
image slice time series from the three-dimensional image
time series if after the correction, the similarity between the
motion trend information of the moving object in the image
slices of the certain image slice time series and the reference
motion trend information is still lower than the predetermined
threshold.

7. The apparatus according to claim 1, wherein the contour
acquisition unit comprises:
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a motion region detection unit configured to detect a
motion region of each image slice time series based on
variations of values of pixels in the image slice time
series over time;

a motion region adjustment unit configured to adjust, by
taking the motion region of a predetermined image slice
time series in the three-dimensional image time series as
a reference, the motion regions of the other image slice
time series in the three-dimensional image time series;
and

a moving object recognition unit configured to recognize
candidate regions of the moving object from the motion
region of each image slice time series and take contours
of the candidate regions of the moving object as the
contours of the moving object.

8. The apparatus according to claim 7, wherein the contour

acquisition unit further comprises:

a classification unit configured to determine the predeter-
mined image slice time series using at least one of the
following features extracted from the motion region of
each image slice time series: an average pixel value, a
ratio of white connected region in a binary image of the
motion region, an image slice index, and a ratio of white
connected region in a plurality of sub-regions of a binary
image of the motion region.

9. The apparatus according to claim 7, wherein the contour

acquisition unit further comprises:

a classification unit configured to determine two image
slice time series corresponding to two ends of the mov-
ing object using at least one of the following features
extracted from the motion region of each image slice
time series: an average pixel value, a ratio of white
connected region in a binary image of the motion region,
an image slice index, and a ratio of white connected
region in a plurality of sub-regions of a binary image of
the motion region,

wherein the contour acquisition unit is configured to
acquire the contours of the moving object in the image
slices of the image slice time series located between the
two image slice time series.

10. The apparatus according to claim 1, wherein the three-
dimensional image time series is a medical image series
formed by data obtained through a medical diagnosis appa-
ratus.

11. A left ventricle image segmentation apparatus for
acquire contours of a left ventricle from a three-dimensional
medical image time series, the three-dimensional medical
image time series comprising a plurality of three-dimensional
images acquired at a plurality of time points in a period
including at least one cardiac cycle, each of the three-dimen-
sional images consisting of a plurality of parallel two-dimen-
sional image slices that are intersected with a long axis of the
left ventricle, and the two-dimensional image slices located at
the same location in the plurality of three-dimensional images
forming an image slice time series, the apparatus comprising:

a pole acquisition unit configured to acquire a pole in each
image slice for polar coordinate conversion;

a coordinate conversion unit configured to convert each
image slice into a polar coordinate system based on the
pole in the image slice; and

an endocardial contour acquisition unit configured to
acquire, in the polar coordinate system, an endocardial
contour of the left ventricle in each image slice as a
contour of the left ventricle in the image slice,
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wherein the coordinate conversion unit is configured to
map the contour of the left ventricle acquired by the
endocardial contour acquisition unit in the polar coordi-
nate system to a corresponding original image slice.

12. The apparatus according to claim 11, wherein the pole
acquisition unit comprises:

amoving object contour extraction apparatus configured to

extract contours of the left ventricle, which is taken as a
moving object, from the three-dimensional medical
image time series as initial contours of the left ventricle;
and

apole determination unit configured to determine a center

of the initial contour of the left ventricle in each image
slice as the pole in the image slice.

13. The apparatus according to claim 12, wherein the coor-
dinate conversion unit is further configured to convert the
initial contour of the left ventricle in each image slice to the
polar coordinate system based on the pole in the image slice;
and

the endocardial contour acquisition unit is further config-

ured to smooth the initial contour in each image slice in
the polar coordinate system to acquire the endocardial
contour in the image slice.

14. The apparatus according to claim 11, further compris-
ing:

an edge detection unit configured to detect edges in each

image slice,

wherein the endocardial contour acquisition unit is config-

ured to
acquire a radius of the endocardial contour of the left
ventricle in each image slice in the polar coordinate
system using a circumferential directional projection of
a gray scale image of the image slice, and

acquire the endocardial contour of the left ventricle in the
polar coordinate system from the edges nearby the
radius of the endocardial contour of the left ventricle
using a straight-line detection method.

15. The apparatus according to claim 12, further compris-
ing:

an edge detection unit configured to detect edges in each

image slice,

wherein the endocardial contour acquisition unit is config-

ured to
acquire a first radius of the endocardial contour of the left
ventricle in each image slice in the polar coordinate
system using a circumferential directional projection of
a gray scale image of the image slice,

acquire a second radius of the endocardial contour of the
left ventricle in each image slice based on the initial
contour of the left ventricle in the image slice, and

acquire the endocardial contour of the left ventricle from
the edges nearby an average location of the first and
second radiuses of the endocardial contour of the left
ventricle in the polar coordinate system using a straight-
line detection method.

16. The apparatus according to claim 11, wherein the
endocardial contour acquisition unit is configured to acquire
aradius of the endocardial contour of the left ventricle in each
image slice in the polar coordinate system using a circumfer-
ential directional projection of a gray scale image of the
image slice; and

the apparatus further comprises:

an edge detection unit configured to detect edges in each

image slice; and
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an epicardial contour acquisition unit configured to
acquire a radius of an epicardial contour of the left ventricle
in each image slice in the polar coordinate system using
a circumferential directional projection of an edge
image of the image slice and the radius of the endocar-
dial contour of the left ventricle in the image slice, and

acquire the epicardial contour of the left ventricle in the
polar coordinate system from the edges nearby the
radius of the epicardial contour of the left ventricle using
a curve fitting method; and

the coordinate conversion unit is further configured to map
the epicardial contour of the left ventricle to a corre-
sponding original image slice.

17. The apparatus according to claim 12, wherein the mov-
ing object contour extraction apparatus is configured to use at
least one of variation trend information of an area of the left
ventricle, variation trend information of a radius of the left
ventricle, and variation trend information of a perimeter of the
left ventricle as motion trend information of the moving
object.

18. The apparatus according to claim 11, wherein the pole
acquisition unit comprises:

amoving object contour extraction apparatus configured to

extract contours of the left ventricle, which is taken as a
moving object, from the three-dimensional medical
image time series as initial contours of the left ventricle;
and

a pole determination unit configured to determine a center

of the initial contour of the left ventricle in each image
slice as the pole of the image slice,

wherein the moving object contour extraction apparatus is

further configured to recognize candidate regions of the
left ventricle from a motion region of each image slice
time series according to multiple graphic features of the
motion region of the image slice time series and an
estimated central location of the left ventricle.

19. The apparatus according to claim 18, wherein the mov-
ing object contour extraction apparatus is configured to
assign the estimated central location of the left ventricle with
a weight higher than the weights of the multiple graphic
features when recognizing the candidate regions of the left
ventricle.

20. A moving object contour extraction method for extract-
ing from a three-dimensional image time series contours of a
moving object which performs a deforming motion, the three-
dimensional image time series comprising a plurality of
three-dimensional images acquired at a plurality of time
points, each of the three-dimensional images consisting of a
plurality of parallel two-dimensional image slices, and the
two-dimensional image slices located at the same location in
the plurality of three-dimensional images forming an image
slice time series, the method comprising:

acquiring a contour of the moving object in each image

slice; and

correcting the contours of the moving object in the image

slices of at least one image slice time series based on
motion trend information of the moving object in each of
a plurality of the image slice time series.

21. A left ventricle image segmentation method for acquir-
ing contours of a left ventricle from a three-dimensional
medical image time series, the three-dimensional medical
image time series comprising a plurality of three-dimensional
images acquired at a plurality of time points in a period
including at least one cardiac cycle, each of the three-dimen-
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sional images consisting of a plurality of parallel two-dimen-
sional image slices that are intersected with a long axis of the
left ventricle, and the two-dimensional image slices located at
the same location in the plurality of three-dimensional images
forming an image slice time series, the method comprising:
acquiring a pole in each image slice for polar coordinate
conversion;
converting each image slice into a polar coordinate system
based on the pole in the image slice;
acquiring, in the polar coordinate system, an endocardial
contour of the left ventricle in each image slice as a
contour of the left ventricle in the image slice; and
mapping the contour of the left ventricle acquired in the
polar coordinate system to a corresponding original
image slice.
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