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REAL TIME
CONTROL UNIT

G7)

An ultrasonic diagnostic device includes an automatic con-
tour extracting unit that contains an initial contour extracting
unit for roughly extracting an initial contour of an object to
be examined from an ultrasound image by performing a
predetermined operation (such as equalization, binarization,
and degeneration) on the ultrasound image. The automatic
contour extracting unit also contains a dynamic contour
extracting unit for accurately extracting a final contour of the
object by using the extracted initial contour as an initial
value and by applying an active contour model, such as the
SNAKES model, to the object within the ultrasound image.

9 Claims, 30 Drawing Sheets
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ULTRASONIC DIAGNOSTIC DEVICE AND
IMAGE PROCESSING DEVICE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an ultrasonic diagnostic
device and an image processing device, and particularly to
a technique to extract a contour of an object that is subject
to an examination from an image.

(2) Description of Prior Art

Anultrasonic diagnostic device receives an echo which is
obtained when ultrasound emitted from an ultrasonic probe
is partially reflected on reflection points and surfaces of
tissue of an object of a living body that is subject to an
examination. The ultrasonic diagnostic device then performs
signal processing for the received echo, and generates an
ultrasound image (an echo image) for the examined object.
Since the ultrasonic diagnostic device generates a two-
dimensional (2D) ultrasound image of an examined object of
a soft part and the like without invasion, the ultrasonic
device is widely used as a device which offers a high level
of safety and is essential in fields such as clinical medicine.

As ultrasonic diagnostic devices are increasingly in wide-
spread use and digitized, calculating a quantitative size, such
as an area, a volume, and a change in quantity, concerning
a fetus, an internal organ, and a circulatory organ has
become highly important as a part of screening by the use of
an ultrasonic diagnostic device. For such quantitative analy-
sis, it is necessary to accurately extract a contour (i.e.,
boundary) of an object to be examined, and a variety of
techniques have been developed to achieve such extraction.

For instance, Japanese Laid-Open Patent Application No.
H11-164834 discloses an ultrasonic image diagnostic
device, for which an operator roughly traces a boundary of
tissue subject to examination so that the boundary is
extracted without the effects of noise.

Japanese Laid-Open Patent Application No. H09-84739
discloses an ultrasonic image processing device. This image
processing device refers to textures of images, and tissue to
be examined and another tissue around the tissue to be
examined are analyzed by using a plurality of learning
windows. Based on difference in characteristic quantity
distribution between the two pieces of tissues, a boundary of
the tissue subject to the examination is extracted.

Japanese Laid-Open Patent Application No. H07-246207
also discloses an ultrasonic image processing device, which
extracts a contour of tissue in accordance with a plurality of
sample points that are set on a boundary of the tissue.

Japanese Laid-Open Patent Application No. H04-279156
discloses an ultrasonic three-dimensional (3D) image dis-
playing device. This 3D image displaying device compares
predetermined conditions and threshold values set by an
operator with those of echo data representing shades of an
image, and extracts echo data corresponding to a surface of
an object to be examined.

The above conventional techniques, however, have a
drawback in that they require an operator to perform a
number of operations and instructions, or they cannot per-
form a sufficiently accurate extraction of a contour of an
object.

More specifically, the above ultrasonic image diagnostic
device disclosed by Japanese Patent Application No. H11-
164834 first requires the operator to input a guide boundary
by roughly tracing tissue subject to examination with a
mouse. Secondly, the operator needs to set a starting point
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that is used for extracting the boundary. From this starting
point, scanning lines radially extend. Then the operator also
needs to manually set a detection region whose center is an
intersection point of each scanning line and the boundary.
After this, the image diagnostic device processes ultrasound
image data within the detection region to convert it into a
binary ultrasound image, and detects a boundary position for
which correction is necessary. The operator is then required
again to manually set the boundary.

The above ultrasonic image processing device of Japanese
Patent Application No. H09-84739 requires the operator to
designate each learning window with a mouse or the like.
The operator needs to perform this window setting while
checking learning effects, and so this is an intricate opera-
tion. Moreover, the operator needs to pay close attention to
selections of the learning window’s position and size so as
to allow the learning process to be effectively performed.

For the conventional ultrasonic image processing device
of Japanese Patent Application No. H07-246207, the opera-
tor needs to set a plurality of sample points on a boundary
of an object such as a tissue to be examined. A contour
obtained under this method significantly varies according to
which sample points are selected, and therefore setting such
accurate sample points requires as much labor and time as is
required to manually trace a contour. In addition, when
calculations are repeatedly performed on the same image
data, this image processing device cannot always extract the
same contour without the operator selecting exactly the
same sample points each time even if he has set them by
taking into the account the tremendous amount of care and
precision that is required by the manual tracing.

The above ultrasonic 3D image displaying device dis-
closed by Japanese Patent Application No. H04-279156 also
requires an operator’s operations such as for setting prede-
termined conditions and threshold values, but the image
displaying device may call for less operator involvement
than other techniques. This image displaying device, how-
ever, is susceptible to noise in an image because it extracts
a contour by simply converting density information for an
ultrasound image into a binary representation. This may
result in extracting an incorrect contour of tissue and a part
that is subject to examination.

SUMMARY OF THE INVENTION

The present invention is made in view of the above
problems. Accordingly, an object of the present invention is
to provide an ultrasonic diagnostic device and an image
processing device that are capable of extracting a contour of
an object to be examined from an ultrasound image with
high accuracy without requiring the operator to perform
many operations.

The above object can be achieved by an ultrasonic diag-
nostic device that generates and displays an ultrasound
image containing an object which is subject to examination
in accordance with reflection of ultrasound. This ultrasonic
diagnostic device includes an automatic contour extracting
unit for extracting a contour of the object from the ultra-
sound image by performing a predetermined operation on
the ultrasound image.

With this construction, the contour of the object is
extracted from the ultrasound image by using the ultrasound
image itself. As a result, the operator does not need to
perform troublesome input operations, and consistent stable
extraction results can be always obtained.
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Here, the above diagnostic ultrasonic device may also
include a 3D image generating unit for accumulating each
generated contour to generate and display a 3D image for the
object.

This construction allows the operator to intuitively rec-
ognize the object in 3D and helps the operator to perform a
precise examination.

Here, the above ultrasonic diagnostic device may also
include a contour correcting unit for correcting the contour
extracted by the automatic contour extracting unit in accor-
dance with either dialog (interaction) with the operator or a
standard that the contour correcting unit stores.

With this construction, the operator’s abundant knowl-
edge and experience can be reflected in the diagnostic result,
so that the contour can be obtained with increased accuracy.

Here, the ultrasonic diagnostic device may further include
an automatic capacity calculating unit for calculating a
capacity of the object by using the extracted contour.

As a result, the operator can obtain the capacity of the
object as well as its contour, which makes it possible to
perform a precise examination of cavities, for instance,
inside the living body.

Here, the ultrasonic diagnostic device may further include
a use ascertaining unit for determining, for one of the
extracted contour and the corrected contour, whether the
contour is used for a subsequent operation in accordance
with dialog with the operator.

For this construction, objects to be examined can be
limited, and unnecessary examination, such as that for a
virtual image, can be prevented from being conducted.

Here, the ultrasonic diagnostic device may further include
an image normalizing unit for normalizing the ultrasound
image by converting the density of pixels of the ultrasound
image in such a way as to make a density distribution of the
ultrasound image satisfy a predetermined condition, and the
automatic contour extracting unit may perform the prede-
termined operation on the normalized ultrasound image to
extract the contour.

This construction allows a density distribution of the
ultrasound image to be narrowed to a certain range in the
initial processing stage so that subsequent operations such as
contour extraction can be performed not only with stability
and with improved accuracy but also at a higher speed.

Here, for performing the predetermined operation, the
automatic contour extracting unit may include: an initial
contour extracting unit for roughly extracting an initial
contour of the object; and a dynamic contour extracting unit
for accurately extracting a final contour by using the
extracted initial contour as an initial value and by applying
an active contour model to the object within the ultrasound
image.

For this construction, the initial contour is automatically
and periodically extracted from the ultrasound image by
using this ultrasound image itself so as to be used for the
subsequent dynamic extraction. Consequently, the operator
no longer needs to input an initial contour. At the same time,
since consistent initial contours are automatically generated,
parameters which are used for the dynamic extraction can be
tuned in advance, so that a time taken by the dynamic
extraction can be reduced, and the dynamic extraction can be
performed with enhanced accuracy.

Here, the automatic contour extracting unit may also
include an initial contour correcting unit for judging whether
or not the extracted initial contour meets a predetermined
standard and for correcting the initial contour when the
initial contour correcting unit judges that the initial contour
does not meet the predetermined standard. Furthermore, the
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4

dynamic contour extracting unit may extract the final con-
tour by using the corrected initial contour as an initial value.

For this construction, the final contour can be dynamically
extracted by using the more accurate initial contour, so that
a total time taken to extract the contour can be reduced.

Here, the automatic contour extracting unit may also
include an initial contour selecting unit for storing a criterion
in advance and selecting an initial contour meeting the
criterion from a plurality of extracted initial contours when
the initial contour extracting unit extracts the plurality of
initial contours. The dynamic contour extracting unit may
extract the final contour by using the selected initial contour
as an initial value.

With this construction, initial contours of objects that
meet the criterion and that should be examined are only
selected from the plurality of initial contours which have
been extracted. This prevents an unnecessary examination
from being conducted for objects that are not the subject of
examination and thereby cuts unnecessary examination
time.

Here, when a plurality of extracted initial contours meet
the stored criterion, the initial contour selecting unit may
select the plurality of extracted initial contours.

This construction allows an examination to be performed
for the plurality of objects in parallel, and therefore reduces
overall time taken by examination.

Here, the automatic contour extracting unit may also
include an external selection unit for selecting at least one
initial contour from a plurality of initial contours in accor-
dance with dialog with an operator when the initial contour
extracting unit extracts the plurality of initial contours. The
dynamic contour extracting unit may extract a final contour
in accordance with the at least one selected initial contour as
an initial value.

With this construction, an examination can be performed
while limiting its target objects to those that are desired by
the operator.

Here, the normalizing unit may include a condition stor-
ing unit for storing the predetermined condition in advance;
a density converting unit for converting the density of the
pixels by using a plurality of transform functions to generate
a plurality of ultrasound images; and a control judging unit
for specifying, out of the plurality of ultrasound images, an
ultrasound image that satisfies the stored predetermined
condition, and outputting the specified ultrasound image as
a normalized ultrasound image.

This construction ensures that a normalization which is
suitable for a type of a target object is performed on an
ultrasound image containing the object through uniform
operation.

Here, the automatic contour extracting unit may also
include an initial contour input unit for obtaining an initial
contour that roughly specifies the object in accordance with
dialog with an operator. The dynamic contour extracting unit
may extract a final contour by using the obtained initial
contour as an initial value. The automatic contour extracting
unit may also include a contour selecting unit for selecting
one of the initial contour obtained by the initial contour input
unit and the initial contour extracted by the initial contour
extracting unit. The dynamic contour extracting unit may
extract a final contour by using the selected initial contour as
an initial value.

For this construction, the initial contour is extracted either
automatically or in accordance with the operator’s designa-
tion, and therefore the operator’s intention can be reflected
in the contour extraction.
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Here, the automatic contour extracting unit may extract a
contour of a left ventricle of a heart as the final contour, and
the automatic capacity calculating unit may calculate a
capacity of the left ventricle. The ultrasonic diagnostic
device may further include a measurement display unit for
displaying the calculated capacity. The ultrasonic diagnostic
device may further include a real time control unit for having
an operation repeatedly performed at a fixed frame rate,
where this operation includes: (a) the extraction of the final
contour by the automatic contour extracting unit; (b) the
calculation of the capacity; and (c) the display of the
calculated capacity.

This construction achieves an ultrasonic diagnostic device
which is capable of high-speed accurate examination dedi-
cated to the heart.

Here, the ultrasonic diagnostic device may further include
an image display unit for displaying at least one of the
ultrasound image and the final contour. The real time control
unit may control the image display unit and the measure-
ment display unit so that the calculated capacity is displayed
in synchronization with the display of the at least one of the
ultrasound image and the final contour.

For this construction, the operator can view changes in the
contour of the heart and its capacity in real time and thus
perform examination of the heart with improved accuracy.

Here, the automatic contour extracting unit may extract a
final contour from each of two ultrasound images corre-
sponding to two cross sections that are orthogonal to each
other. The capacity calculating unit may use each extracted
final contour in an approximate expression to calculate a
capacity, where the approximate expression is pursuant to
one of a modified Simpson method and a biplane area length
method.

For this construction, the capacity of the left ventricle of
the heart is calculated in accordance with two approximate
expressions that use values which are related to two different
cross sections of the left ventricle. As a result, a more
accurate capacity value can be obtained.

Here, the ultrasonic diagnostic device may further
include: a real time control unit for having an operation
repeatedly performed at a fixed frame rate, where the
operation includes (a) generation of the ultrasound image,
(b) the extraction of the final contour by the automatic
contour extracting unit, and (¢) the calculation of the capac-
ity; and a moving image storing unit for accumulating
ultrasound images that are generated through the repeatedly
performed operation to generate and store moving images
for the object. For this construction, the ultrasound images
and contours obtained in real time can be accumulated to be
precisely analyzed later as in a close examination.

Here, the ultrasonic diagnostic device may further include
a real time control unit for having an operation repeatedly
performed at a fixed frame rate, where the operation
includes: (a) generation of the ultrasound image; (b) the
extraction of the final contour by the automatic contour
extracting unit; and (c) the calculation of the capacity. The
real time control unit may include a frame rate control unit
for monitoring the operation and changing the frame rate to
have the operation be completely performed.

This construction can prevent malfunctions resulting from
an uncompleted analysis, and partial loss of an ultrasound
image due to a shortage of storage areas when the frame rate
is extremely high, or when an ultrasound image incurring a
huge operational load is suddenly generated.

Here, the automatic contour extracting unit may extract
the contour by using previously extracted contours.
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This construction reduces a time taken for the extraction
of the initial contour and allows the initial contour to be
extracted with increased accuracy.

The present invention can also be achieved as an image
processing device that includes the above automatic contour
extracting unit, and as a program to be executed by a
general-purpose computer to perform functions of the auto-
matic contour extracting unit.

As has been described, the ultrasonic diagnostic device
and the image processing device of the present invention are
capable of automatically extracting a contour of an object to
be examined with high accuracy and stability. This not only
reduces operational load of doctors but also improves the
quality of medical care and thereby reduces national medical
costs. The present invention therefore has great value in its
practicality.

BRIEF DESCRIPTION OF THE DRAWINGS

These and the other objects, advantages and features of
the present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings which illustrate specific
embodiments of the invention.

In the drawings:

FIG. 1 shows an external view of an ultrasonic diagnostic
device according to the first embodiment of the present
invention;

FIG. 2 is a block diagram showing a main function
configuration of the ultrasonic diagnostic device;

FIGS. 3A and 3B show examples of ultrasound images of
a heart which are extracted by an automatic contour extract-
ing unit of the ultrasonic diagnostic device, in a two chamber
view and a four chamber view, respectively;

FIG. 4 is a diagram used to explain a method (the single
plane area length method) used by an automatic capacity
measuring unit of the ultrasonic diagnostic device for cal-
culating a capacity;

FIG. 5 1s a block diagram showing a detailed function
configuration of an initial contour extracting unit contained
in the automatic contour extracting unit;

FIG. 6A shows an example of a conversion curve of
density equalization performed by a density adjusting unit
contained in the initial contour extracting unit;

FIG. 6B is a diagram used to explain a degenerate
operation performed by a degenerating unit contained in the
initial contour extracting unit;

FIGS. 7A-7D show changing states of an ultrasound
image obtained by an equalization, binarization, and degen-
erate operation which are performed by the initial contour
extracting unit;

FIG. 8A shows an example of an initial contour, which is
extracted by the initial contour extracting unit, of a left
ventricle of a heart;

FIGS. 8B1-8B4 show states in which extracted contours
of the left ventricle gradually become accurate through
dynamic extraction that uses the extracted initial contour;

FIGS. 9A-9C show states in which the initial contour
extracting unit estimates and generates a new initial contour
by using previously extracted contours;

FIG. 10 is a flowchart mainly showing the processing of
an image processing unit of the above ultrasonic diagnostic
device;

FIG. 11 shows an example of a screen, displaying a
capacity of the left ventricle, of a liquid crystal display
(LCD) unit in a probe of the ultrasonic diagnostic device;
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FIG. 12 shows an example of a screen, displaying the
contour of the left ventricle and a graph showing change of
its capacity over time, of a display apparatus of the ultra-
sonic diagnostic device;

FIG. 13 is a block diagram showing a function configu-
ration of an ultrasonic diagnostic device of the second
embodiment according to the present invention;

FIG. 14 is a diagram used to explain a method (single
biplane area length method) used by an automatic capacity
measuring unit of the ultrasonic diagnostic device for cal-
culating a capacity;

FIGS. 15A-15D are diagrams used to explain the control
processing of a pulsebeat synchronizing unit of the ultra-
sonic diagnostic device;

FIG. 16 shows an example of a screen, displaying con-
tours of organs such as a left ventricle of a heart and a graph
showing changes in its capacity over time, of a display
apparatus of the ultrasonic diagnostic device;

FIG. 17A is a block diagram showing a function configu-
ration of an image normalizing unit according to an example
modification;

FIG. 17B is a density distribution transition diagram,
which shows contents of normalization performed by the
normalizing unit on an ultrasound image:;

FIG. 18 is a flowchart showing the processing of the
image normalizing unit;

FIG. 19 is a block diagram showing a function configu-
ration of an automatic contour extracting unit according to
an example modification;

FIG. 20 is a block diagram showing a function configu-
ration of an image processing unit according to an example
modification;

FIG. 21 shows an example of a dialog screen provided by
a contour use ascertaining unit of the image processing unit
to interact with the operator;

FIG. 22 shows an example modification to a method used
by the initial contour extracting unit to generate a new initial
contour by using a previously extracted contour, with this
example showing the previously extracted initial contour
being used as a new initial contour;

FIGS. 23A-23C show an example modification to a
method used by the initial contour extracting unit to generate
a new initial contour by using a previously extracted con-
tour, with this example showing a new initial contour being
generated through interpolation;

FIGS. 24A-24C show an example modification to a
method used by the initial contour extracting unit to generate
a new initial contour by using a previously extracted con-
tour, with this example showing a new initial contour being
generated through an OR operation;

FIGS. 25A-25C show a modification method (which is
used by the initial contour extracting unit to generate a new
initial contour by using a previously extracted contour, with
this example showing a new initial contour being generated
through an AND operation;

FIG. 26 is a diagram used to explain a modification
method (Simpson method) for capacity calculation per-
formed by the automatic capacity measuring unit;

FIG. 27 is a diagram used to explain a modification
method (modified Simpson method) for capacity calculation
performed by the automatic capacity measuring unit;

FIG. 28 is an external view of a probe of an example
modification for which an LCD unit is provided in a handle
part near a cable of the probe;
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FIG. 29 is a block diagram showing a function configu-
ration of an automatic contour extracting unit according to
an example modification containing a contour externally
selecting unit; and

FIG. 30 is a block diagram showing a function configu-
ration of an automatic contour extracting unit according to
an example modification containing an initial contour input
unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following describes the present invention based on
several embodiments and the drawings.

First Embodiment

FIG. 1 shows an external view of a digital ultrasonic
diagnostic device 10 according to the first embodiment of
the present invention. This ultrasonic diagnostic device 10
not only generates ultrasound images of a fetus, an internal
organ, a heart, and the like according to an echo method, but
also automatically extracts a contour of an object of interest,
such as cancerous tissue and an inner wall of a heart in a
fetus and an internal organ. The ultrasonic diagnostic device
10 also calculates a capacity of this object and generates its
3D image in real time. The ultrasonic diagnostic device 10
includes, as its major hardware, a display apparatus 11, a
main unit 12, and a probe 13.

The display apparatus 11 is a cathode-ray tube (CRT) or
the like, whose front is covered by a transparent touch-
screen panel. The display apparatus 11 displays the gener-
ated ultrasound image, contour, and measurement result in
gray scale or color, and also receives instructions related to
the generated image from an operator via a stylus and the
like.

The probe 13 is a search unit containing an ultrasonic
oscillator and an acoustic lens for receiving and sending
ultrasound. The probe 13 includes a liquid crystal display
(LCD) unit that displays measurement values such as a
capacity of the object in real time.

The main unit 12 includes the following elements: a
send/receive circuit for electronic scanning with ultrasound,
a signal/image processing circuit containing a digital signal
processor (DSP) and a central processing unit (CPU); an
operational panel containing a group of switches, a track
ball, and an LCD for interface with the operator; and a
mouse.

FIG. 2 is a block diagram showing a function configura-
tion of the ultrasonic diagnostic device 10 in FIG. 1. The
ultrasonic diagnostic device 10 can be roughly divided into
an ultrasonic search unit 101, a send/receive unit 102, an
image processing unit 103, an image display unit 104, and
a digital output unit 105.

The ultrasonic search unit 101 functionally corresponds to
the probe 13 in FIG. 1, and scans the object with an
ultrasonic beam according to a signal from the send/receive
unit 102 by using the phased array method.

The send/receive unit 102 is achieved by a sender/beam
former for having the ultrasonic search unit 101 generate
ultrasound, and by a receiver/beam former for converting
ultrasound received by the ultrasonic search unit 101 into an
electric signal and sending the electric signal to the image
processing unit 103.

The image processing unit 103 processes the electric
signal sent from the send/receive unit 102 in a predeter-
mined manner to generate an ultrasound image, and auto-
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matically extracts a contour of the object of interest within
the generated ultrasound image. The image processing unit
103 also performs post-processing such as a capacity cal-
culation. The image processing unit 103 is achieved chiefly
by the main unit 12 in FIG. 1, and includes an image
generating unit 110, an image normalizing 111, a moving
image storing unit 112, a real time control unit 113, a contour
correcting unit 114, an automatic capacity measuring unit
115, a 3D image generating unit 116, and an automatic
contour extracting unit 120.

The image generating unit 110 performs analog-to-digital
(A/D) conversion on the electric signal sent from the send/
receive unit 102 to generate an ultrasound image each time
the ultrasonic search unit 101 performs one scan. The
generated ultrasound image may be, for instance, an image
0f 256x256 pixels (with 8-bit density resolution per pixel) in
gray scale.

Prior to image processing (such as a contour extracting
operation), the image normalizing unit 111 normalizes the
ultrasound image generated by the image generating unit
110 to set its density distribution within a predetermine
range. This may be achieved, for instance, by allowing the
operator to select one of the following conversion opera-
tions: keeping a dynamic range of the density distribution
within a predetermined range; keeping variance of the
density distribution within a predetermined value; and keep-
ing an average value of the density distribution within a
predetermined value range. The image normalizing unit 111
then performs the selected conversion operation by using a
look up table (LUT), or performs the selected conversion
operation only on a region of interest (ROI) containing the
object within the ultrasound image. The image normalizing
unit 111 also may eliminate noise from the ultrasound image
such as by calculating a weighted average of the density of
adjacent pixels, and remove a bias by using a band-pass filter
or by subtracting a predetermined value from a density value
of each pixel.

The moving image storing unit 112 is achieved by a
memory, an Moving Picture Experts Group (MPEG)
encoder, and the like. Whenever the image generating unit
110 and the image normalizing unit 111 generate a new
(normalized) ultrasound image, the moving image storing
unit 112 either stores the generated ultrasound image as it is,
or compresses and encodes the ultrasound image as moving
image data before storing the generated ultrasound image.

When sampling at a high frame rate is continuously
performed for ultrasound images, subsequent operations
may not be performed in real time (this is the case for
continuous sampling performed when a function of the real
time control unit 113 is off, which will be described later).
For such a case, the moving image storing unit 112 tempo-
rarily stores all the image data to be later displayed and
processed such as for a contour extraction, and thus func-
tions as a data recording unit.

For instance, ordinary ultrasonic diagnostic devices now
use a frame rate of 10 to 30 frames per second. In recent
years, however, ultrasonic diagnostic devices are required to
use 60 or more frames per second in a medical field for heart
and circulatory organs. The moving image storing unit 112
is therefore useful in that it can store ultrasound images
corresponding to several pulsebeats that are continuously
sampled at a higher speed so that they can be later examined.

After the image generating unit 110 and the image nor-
malizing unit 111 generate a new ultrasound image, the
automatic contour extracting unit 120 automatically extracts
a contour of an object to be examined, such as a heart, within
the ultrasound image by performing a predetermined opera-
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tion on the ultrasound image. Operations of the automatic
contour extracting unit 120 can be roughly divided into the
two steps, which are performed by the following two units:
(1) aninitial contour extracting unit 121 that extracts a rough
contour of the object; and (2) a dynamic contour extracting
unit 122 that extracts more accurate contour based on the
rough contour by applying an active contour model to the
object.

This automatic contour extracting unit 120 has the fol-
lowing two advantages: (1) automatically extracting the
contour of the object from the ultrasound image without
requiring the operator to perform an input operation; and (2)
extracting the contour at a high speed with great accuracy
through two-step operations that are dedicated to rough
extraction and accurate extraction. Note that, as will be
described later, the automatic contour extracting unit 120
does not reject an operator’s input operation which specifies,
for instance, an initial contour. The contour extracting unit
120 thus can also perform contour extraction in accordance
with an operator’s input operation.

The initial contour extracting unit 121 also includes a
function for receiving feedback, that is, referring to imme-
diately preceding contour data extracted by the dynamic
contour extracting unit 122 to extract a contour from a new
ultrasound image when the initial contour extracting unit
121 continuously receives new ultrasound images.

FIGS. 3A and 3B are provided to explain a function of the
automatic contour extracting unit 120, and show examples
of ultrasound images of a heart in a two chamber view and
a four chamber view, respectively. With a left ventricle as an
object of interest, the automatic contour extracting unit 120
extracts a contour (boundary, which is represented by a solid
line surrounding a shaded area) of the left ventricle from the
ultrasound image. This two chamber view includes a left
ventricle and a left atrium, and the four chamber view
includes a right ventricle and a right atrium as well as the left
ventricle and the left atrium.

The contour correcting unit 114 corrects the contour
extracted by the automatic contour extracting unit 120 when
the extracted contour takes an abnormal shape which devi-
ates from a predetermined standard that the contour correct-
ing unit 114 stores. The contour correcting unit 114 may
perform this correction by changing some of parameters
used by the automatic contour extracting unit 120 for
extracting a contour and then having the automatic contour
extracting unit 120 extract the contour again.

More specifically, the contour correcting unit 114 makes
the above judgment as to whether the extracted contour
takes an abnormal shape which deviates from the predeter-
mined standard by referring to a differential between the
current contour and a contour in a database that was gen-
erated in the past, or to an energy value of an active contour
model, which is described later. For correcting the contour,
the contour correcting unit 114 first specifies, out of the
database, a typical contour that is the most alike to the
contour to be corrected, and then corrects data on this
contour’s part that significantly differs from that of the
specified typical contour to make the part match the typical
contour.

Following this, in accordance with an instruction set by
the operator in advance, the contour correcting unit 114
sends corrected contour data to one of the automatic capac-
ity measuring unit 115, the image display unit 104, and the
automatic contour extracting unit 120 to have operations
performed for the corrected contour (or a contour before
correction), such as a capacity measurement, image display,
and contour extraction.
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The automatic capacity measuring unit 115 calculates a
certain length and area related to the contour extracted by the
automatic contour extracting unit 120 (or to the contour
corrected by the contour correcting unit 114), and then
calculates a capacity of the object of interest according to an
approximate expression under the single plane area length
method.

FIG. 4 is provided to explain the single plane area length
method used by the automatic capacity measuring unit 115
for calculating a capacity of the object. After the automatic
contour extracting unit 120 extracts the contour, the auto-
matic capacity measuring unit 115 calculates a total number
of pixels surrounded by this contour, a longest length of a
coordinate axis across the contour, and other necessary
values to specify a cross-sectional area “A” and a major axis
“h”, and calculates the capacity of the object by using the
approximate expression shown in FIG. 4.

The 3D image generating unit 116 continuously receives
data on the contour either extracted by the automatic contour
extracting unit 120 or corrected by the contour correcting
unit 114, and generates 3D image data of the object from the
accumulated 2D contour data in accordance with informa-
tion provided in advance, such as a moving speed of the
ultrasonic search unit 101 and a scanning direction (i.e., a
direction of a cross section) of ultrasound. The 3D image
generating unit 116 stores the generated 3D image data.

Based on an operator’s instructions provided in advance,
the 3D image generating unit 116 generates 3D data incor-
porating either a wire frame model made up of only line data
of the extracted contour, or a surface model for which the
extracted contour is represented as an outer surface or an
inner surface of the object. The 3D image generating unit
116 also performs volume rendering using contour data of
different ultrasound images for different cross sections, and
generates 3D data of the object viewed from a certain
direction by using ray casting.

The real time control unit 113 includes an interrupt
control circuit that repeatedly sends a trigger signal to each
unit (such as the moving image storing unit 112, the auto-
matic contour extracting unit 120, the automatic capacity
measuring unit 115, the 3D image generating unit 116, and
the image display unit 104). By doing so, the real time
control unit 113 controls the processing of the image pro-
cessing unit 103 and the image display unit 104 to have the
processing repeatedly performed at a certain frame rate (30
frames per second, for instance) synchronously. The real
time control unit 113 also includes a frame rate control unit
113a.

The frame rate control unit 113@ monitors a processing
state (or whether the processing is completed) of each unit,
and the free space of an internal memory to detect an adverse
state in which a predetermined level of leeway is not secured
in a unit. Upon detecting such an adverse state, the frame
rate control unit 113a adjusts the frame rate such as by
lowering it. This can prevent malfunctions, including a
partial loss of an ultrasound image and an error of not
yielding a capacity measurement, which may occur when an
ultrasound image incurring a huge operational load is gen-
erated suddenly, or when repeated processing is performed
due to the processing of the contour correcting unit 114.

The image display unit 104 is achieved by a graphic
accelerator and a scan converter, and includes the following
units: an ultrasound image display unit 104a for graphically
presenting images generated by the image processing unit
103, such as an ultrasound image, moving images, a contour,
and a 3D image, onto the display apparatus 11 and the LCD
unit of the probe 13; and a measurement display unit 1045
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for presenting an object’s capacity (or graph related to the
capacity) obtained by the automatic capacity measuring unit
115 onto the LCD units of the probe 13 and the main unit 12.

In displaying a measurement such as a capacity value and
a graph, the measurement display unit 1045 superimposes
the measurement over an ultrasound image displayed by the
ultrasound image display unit 104a (which is to say, mea-
surement data is inserted into image data).

The digital output unit 105 is achieved by a parallel
interface circuit and other elements, and outputs a digital
signal representing an image or a capacity value generated
by the image processing unit 103 to a device in the periph-
ery, such as a personal computer (PC).

Each unit shown in FIG. 2 performs its processing in an
operational mode (which may be mode to pause the pro-
cessing) that is set by the operator before diagnosis is
conducted. For instance, it is possible for the operator to
prohibit (pause) processing, such as normalization by the
image normalizing unit 111, moving image generation by
the moving image storing unit 112, correction by the contour
correcting unit 114, calculation by the automatic capacity
measuring unit 115, and 3D data generation by the 3D image
generating unit 116. The operator can also freely set and
change a variety of parameters that are used in each pro-
cessing.

The following describes the automatic contour extracting
unit 120 in detail, which is a characteristic element of the
above ultrasonic diagnostic device 10.

FIG. 5 is a block diagram showing a detailed construction
of the initial contour extracting unit 121 included in the
automatic contour extracting unit 120. For roughly specify-
ing a contour of an object of interest within an ultrasound
image, the initial contour extracting unit 121 includes a
density adjusting unit 121a, a binarization (converting) unit
1215, and a degenerating unit 121c.

The density adjusting unit 121a changes density values of
an inputted ultrasound image to facilitate the extraction of an
initial contour prior to the extraction. More specifically, the
density adjusting unit 121a performs, for all or designated
parts of the ultrasound image, one or more operations
selected out of noise removal, use of the band-pass filter,
bias removal, edge enhancement, density equalization, and
the like.

The edge enhancement refers to an operation for convert-
ing the density value of a pixel into, for instance, a differ-
ential value between the density of this pixel and the density
of an adjacent pixel.

The density equalization refers to an operation for cor-
recting contrast distortion (i.e., a state in which density
values concentrate close to black or white) of the ultrasound
image. For instance, this operation may be density conver-
sion in accordance with a transform function (which
enhances the density of halftones) held in the LUT, as shown
in FIG. 6A.

The binarization unit 1216 compares a density value,
which is adjusted by the density adjusting unit 121a, of each
pixel with a predetermined threshold value to convert the
density value into one of two values, that is, a white pixel
and a black pixel to generate binary image data.

The degenerating unit 121¢ performs a degenerate opera-
tion for the binary image data generated by the binarization
unit 1215, and outputs the degenerated result as an initial
contour to the dynamic contour extracting unit 122. The
degenerate operation refers to an operation for outputting a
signal of “TRUE” when properties (density for this embodi-
ment) of a pixel and other pixels (e.g., eight pixels adjacent
to the pixel) surrounding this pixel are the same as a property
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set as a criterion. On the other hand, when the above pixels
include any one pixel whose property is different from the
criterion property. a signal of “FALSE” is outputted. This
degenerate operation is performed for the entire image data
a given number of times.

For instance, assume that the criterion property for the
binary image data is set as “density being white (0)” as
shown in FIG. 6B. With a pixel “P” specified by coordinates
(X,Y), the signal “TRUE” (or “0”, for instance) is outputted
when density values of this pixel P(X, Y) and adjacent eight
pixels as follows are white (0): pixels of P(X-1,Y); P(X+1,
Y), P(X, Y-1); PX, Y+1); P(X-1, Y-1); P(X+1, Y-1);
P(X-1, Y+1); and P(X+1, Y+1). On the other hand, the
signal “FALSE” is outputted for this pixel P(X, Y) when
there is any one pixel, out of the above nine pixels, that has
a density value of black (“1”). This degenerate operation is
performed for every pixel. When such conversion operation
is repeatedly performed, a white region gradually recedes.
Accordingly, this degenerate operation is stopped, for
instance, when it has been performed a predetermined
number of times, or when a number of target regions for
degeneration (i.e., white regions for the current example)
lowers to either one or a predetermine number.

FIGS. 7A-7D show changing states of an ultrasound
image on which the operations of the units 121a—121c¢ of the
initial contour extracting unit 121 shown in FIG. 5§ are
performed. FIG. 7A shows the ultrasound image soon after
it is inputted to the initial contour extracting unit 121, and
FIG. 7B shows the ultrasound image on which the density
adjusting unit 121a performs density equalization. FIG. 7C
shows the ultrasound image on which the binarization unit
1215 performs binarization (i.e., converting non-white
regions into black regions, with white regions being left as
they are for this example). FIG. 7D shows the ultrasound
image on which the degenerating unit 121¢ performs the
degenerate operation, with the criterion property as “density
being white” for this example.

FIGS. 8A-8B are used to explain a detailed operation of
the dynamic contour extracting unit 122. FIG. 8A shows an
example of an initial contour (of a left ventricle’s inner wall
of a heart for this example) of the object of interest (i.e., the
left ventricle) inputted from the initial contour extracting
unit 121 to the dynamic contour extracting unit 122. FIGS.
8B1-8B4 show states in which extracted contours of the left
ventricle gradually become accurate through iterative cal-
culations performed by the dynamic contour extracting unit
122.

The dynamic contour extracting unit 122 uses the initial
contour sent from the initial contour extracting unit 121 as
the initial value, and applies an active contour model (an
active contour model called SNAKES is used for this
embodiment) to an object subject to examination within an
ultrasound image generated by the image generating unit
110. The dynamic contour extracting unit 122 then regards
the applied active contour model as the energy minimization
problem in a dynamical system and formulates it, so that the
dynamic contour extracting unit 122 finds, as an optimum
solution of one type of an optimization problem, a contour
pattern that matches best to the contour of the object to be
examined.

In more detail, the dynamic contour extracting unit 122
specifies a curve representing the contour while gradually
changing and converging a position and a shape of the curve
in such a way as to make energy “E” shown in an expression
below equal to either a minimum value or a relative mini-
mum value when the curve is represented by an expression,
v(s)=(x(s), y(s)). For instance, the contour (curve) may
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continue to be deformed until fluctuations of the energy “E”
for the iterative calculation stabilize within a predetermined
range.

Expression: £=[{Eint(v(s))+Eimage (v(s))+Econ
(v(s)}ds

In the above expression, “Fint” represents a function
defining internal energy produced by a bend in the curve,
“Eimage” represents a function defining energy that pulls
the curve toward edges or the like of an image, and “Econ”
represents a function defining energy of an external con-
straining force.

In order to converge contours by using the SNAKES
model, in other words, to minimize the energy value, cal-
culations should be repeated while a certain active construc-
tion is applied to a temporally obtained contour. This may be
performed by iterative operations, such as the variation
method, a method for adding perturbation, and a method
called “dynamic programming.”

FIGS. 9A-9C are provided to explain how contour data
extracted by the dynamic contour extracting unit 122 is used
as feedback to the initial contour extracting unit 121. FIGS.
9A-9B show two sets of example contour data (contours
“A” and “B”) which have been extracted, in its final opera-
tional stage, by the automatic contour extracting unit 120
from two ultrasound images successively inputted to the
automatic contour extraction unit 120, and FIG. 9C shows a
state in which the initial contour extracting unit 121 gener-
ates an initial contour for a new ultrasound image from the
two extracted contours “A” and “B.”

More specifically, the initial contour extracting unit 121
estimates an initial contour of an object of interest within an
ultrasound image by predicting movement (i.e., performing
movement compensation) of the object from two sets of
contour data which have been extracted by the dynamic
contour extracting unit 122 immediately before the initial
contour to be estimated. For instance, the two sets of contour
data precede the initial contour by one frame and two
frames, respectively. The initial contour extracting unit 121
then sends the estimated initial contour to the dynamic
contour extracting unit 122. The above estimation is pet-
formed, for instance, by (1) specifying the same character-
istic points (pixels) for the two sets of contour data, (2)
calculating a motion vector based on differentials of coor-
dinates of the specified characteristic points, and (3) calcu-
lating coordinates of the characteristic points when they are
assumed to move at a fixed speed for a fixed period to
estimate the initial contour.

As is described above, the automatic contour extracting
unit 120 first extracts an initial contour based on a method
which is suited to rough extraction, such as the degenerate
operation, and then performs a more accurate extraction
such as by using the SNAKES model. As compared with a
case in which only a dynamic extraction such as that using
the SNAKES model is performed, the extraction method of
the present embodiment not only offers greatly improved
convergence but also reduces overall operational time.

An empirical result obtained for a left ventricle indicates
that solely using the SNAKES model as in a conventional
technique requires the operator to designate the initial con-
tour and this operator’s designation takes several to dozens
of seconds. When the designated initial value is not appro-
priate, a great amount of time is required for a subsequent
iterative operation due to the heavy dependency of the
SNAKES model on the initial value, and a correct contour
cannot be output.
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The initial value condition that allows convergence of the
SNAKES model to be securely achieved is highly sensitive
to an image’s states (such as density distribution and noise
amount) and to parameters to be set. Accordingly, the
designation of the initial value by the operator does not
provide a sufficiently reliable index. This is to say, even
when the operator sets the initial value for the object of the
interest very carefully, a resulting operation may be unex-
pectedly undesirable. In addition, the operator also needs to
set parameters.

If the operator succeeds in setting the appropriate initial
value by overcoming the above problems, an operational
time taken by a 500-MHz Intel’s Pentium 3 CPU to achieve
the convergence is about 0.2 to 2.0 seconds. Operational
time taken by the initial contour extracting unit 121 is about
0.01 seconds.

Accordingly, with the ultrasonic diagnostic device 10 of
the present invention, an operation which conventionally
takes several seconds or longer to set the initial contour is no
longer necessary. In addition, the operational speed is highly
improved.

Moreover, the present ultrasonic diagnostic device 10 can
provide initial contours with consistent patterns and condi-
tions since the initial contour extracting unit 121 extracts
each initial contour according to a predetermined image
processing procedure. As a result, parameters consistent
with an initial contour extracted by the initial contour
extracting unit 121 can be provided to the dynamic contour
extracting unit 122, which is to say, the parameters can be
tuned in advance. Consequently, the convergernce (or stabil-
ity) in dynamic contour extraction is greatly enhanced, and
the overall operational time is highly reduced.

Accordingly, the operator can benefit from the present
invention in that operations that conventionally require the
operator’s involvement are completely automated, and
always-consistent diagnostic information can be obtained.

It 1s possible to set, in advance, parameters and conver-
gence conditions used in each extraction operation in such a
way as to satisfy an expression of t1 2t2, when “t1” and “12”
represent a duration during which the initial contour extract-
ing unit 121 extracts an initial contour, and a duration during
which the automatic contour extracting unit 122 extracts a
contour, respectively. With this setting, the initial contour is
specified with high accuracy, and the overall time taken by
contour extraction can be reduced. On the other hand, it is
alternatively possible to set parameters and convergence
conditions used for each operation so as to satisfy an
expression of t1==t2. With this setting, a longer time is
taken to dynamically extract a contour so that a highly
accurate contour can be obtained.

The following describes the processing of the above
ultrasonic diagnostic device 10.

FIG. 10 is a flowchart showing the processing flow of the
ultrasonic diagnostic device 10. The shown processing flow
is mainly for the image processing unit 103, and corresponds
to one cycle to be repeated under the frame-rate control of
the real time control unit 113.

The image generating unit 110 performs A/D conversion
on a signal from the send/receive unit 102, and has the image
normalizing unit 111 normalize a density value of each pixel,
so that ultrasonic image data corresponding to one scan by
the ultrasonic search unit 101 is generated (steps
S501-S502). The generated image data is accumulated by
the moving image storing unit 112, and also sent to the
automatic contour extracting unit 120.

In the automatic contour extracting unit 120, the initial
contour extracting unit 121 judges whether there is contour
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data extracted from past ultrasound images which the auto-
matic contour extracting unit 120 has received immediately
before the currently inputted ultrasound image data (step
S503). If so (i.e., the “yes” judgment is made in step S503),
the initial contour extracting unit 121 estimates and gener-
ates an initial contour of the current ultrasound image from
the past contour data (step S504). If no such past contour
data exists (i.e., the “no” judgment is made in step S503), the
initial contour extracting unit 121 performs, on the current
ultrasound image, density correction, binarization, and the
degenerate operation to extract a new initial contour (step
S50%).

Following this, the dynamic contour extracting unit 122
uses the initial contour sent from the initial contour extract-
ing unit 121 as an initial value, and performs iterative
calculations using the active contour model to extract an
accurate contour (step S506).

The automatic capacity measuring unit 115 applies the
approximate expression and the like to the extracted contour
to calculate a capacity of the object to be examined (step
S507), and the 3D image generating unit 116 accumulates
the extracted contour data to produce data for a 3D contour
image (step S508).

The ultrasound image display unit 104a presents images,
such as the ultrasound image generated by the image pro-
cessing unit 110 and the object’s contour extracted by the
automatic contour extracting unit 120, to the display appa-
ratus 11. At the same time, the measurement display unit
1045 presents the capacity calculated by the automatic
capacity measuring unit 115 to the LCD unit of the probe 13
(step S509).

In this way, the ultrasonic diagnostic device 10 of the
present invention displays synchronized images and data,
such as a generated ultrasound image, a contour obtained
from the generated ultrasound image, and a capacity calcu-
lated based on the contour. This allows the operator to
examine the object of interest such as a heart from different
perspectives in real time.

As to moving images stored in the moving image storing
unit 112 and 3D images in the 3D image generating unit 116,
the image display unit 104 presents them as either moving
images or a still picture to the display apparatus 11 while
real-time diagnosis from steps S501 to S509 using a stated
frame rate is not performed. In accordance with an instruc-
tion given by the operator, the digital output unit 105 outputs
digital data concerning the contour and the capacity to a
device in the periphery either in parallel with the real-time
diagnosis or during a period in which the real-time diagnosis
is not performed.

FIG. 11 shows an example of a screen, which is obtained
in the above real-time diagnosis, of the LCD unit in the
probe 13. With this example, a capacity of a left ventricle of
a heart calculated by the automatic capacity measuring umt
115 is displayed while the capacity is being updated in
accordance with the frame rate.

FIG. 12 shows an example of a screen, which is obtained
in the real-time diagnosis, of the display apparatus 11. With
this example, an ultrasound image generated for the heart by
the image generating unit 110 is displayed in real time. In a
lower part of the screen, a graph is superimposed and
displayed in a manner that is either asynchronous or syn-
chronous with the display of the ultrasound image. This
graph shows a transition of the capacity which is calculated
based on the contour of the left ventricle over time.

As has been described, the ultrasonic diagnostic device 10
of the present embodiment allows the automatic contour
extracting unit 120 to automatically extract a contour of an
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object subject to examination from an ultrasound image.
Accordingly, the operator can obtain the accurate contour
and a capacity of the object in real time by only moving the
probe 13 in a part of a patient’s body without needing to
perform any operations such as the designation of an initial
contour during diagnosis.

Second Embodiment

The following describes an ultrasonic diagnostic device
20 according to the second embodiment of the present
invention. This ultrasonic diagnostic device 20 is the same
as the diagnostic device 10 of the first embodiment in that
the ultrasonic diagnostic device 20 automatically extracts a
contour of an object from continuously generated ultrasound
images and calculates a capacity of the object by using the
extracted contour. The two ultrasonic diagnostic devices 10
and 20 differ, however, in that the ultrasonic diagnostic
device 20 of the second embodiment uses a plurality of
ultrasound images corresponding to different cross sections
of the same object to calculate a capacity with high accuracy.
The ultrasonic diagnostic device 20 also differs from the
ultrasonic diagnostic device 10 in that the ultrasonic diag-
nostic device 20 displays synchronized images of different
cross sections.

FIG. 13 is a block diagram showing a function configu-
ration of the ultrasonic diagnostic device 20 of the second
embodiment. In FIG. 13, units that are the same as those in
the first embodiment are either omitted or given the same
reference numbers as used in the first embodiment, and will
not be described, with this being the case for the subsequent
figures.

An image processing unit 203 of the present ultrasonic
diagnostic device 20 includes an automatic contour extract-
ing unit 120, a moving image storing unit 112, a pulsebeat
synchronizing unit 130, and an automatic capacity measur-
ing unit 215. This image processing unit 203 differs from the
first embodiment in that the image processing unit 203
includes the pulsebeat synchronizing unit 130 and the auto-
matic capacity measuring unit 215 that calculates a capacity
with higher accuracy than the first embodiment.

The pulsebeat synchronizing unit 130 associates an ultra-
sound image with another ultrasound image, which are
obtained in different periods and correspond to different
cross sections. The pulsebeat synchronizing unit 130 then
controls units 120, 112, 215, and 104 in such a way as to
synchronize the associated ultrasound images in accordance
with a pulsebeat that is indicated by a blood-flow waveform
sent from an electrocardiogram (ECG) measuring instru-
ment (not shown in FIG. 13). In other words, the pulsebeat
synchronizing unit 130 performs control operation to pro-
cess the associated ultrasound images as a group of images
of the same object under the same state.

In more detail, while interacting with the operator, the
pulsebeat synchronizing unit 130 controls the automatic
contour extracting unit 120 and the moving image storing
unit 112 so as to make the moving image storing unit 112
accumulate ultrasound images corresponding to different
cross sections of the same object, and to make the automatic
contour extracting unit 120 extract a contour from each of
these ultrasound images. For instance, the moving image
storing unit 112 is controlled to accumulate two-chamber
and four-chamber ultrasound images of a left ventricle of a
heart which are obtained by turning the probe 13 at 90
degrees (or any given degrees, such as 120 and 30 degrees)
over a period corresponding to at least one pulsebeat cycle.
The automatic contour extracting unit 120 is controlled to
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extract a contour of an inner wall of the left ventricle from
each of the above two types of ultrasound images.

The pulsebeat synchronizing unit 130 then specifies a pair
of ultrasound images (hereafter referred to as an image pair)
and a pair of contour data (hereafter referred to as a contour
pair) from the above two types of a sequence of ultrasound
images and that of contour data, respectively. Images in each
specified image pair correspond to the same phase (i.e.,
relatively the same time in a pulsebeat cycle), and so does
contour data in each specified contour pair. The pulsebeat
synchronizing unit 130 then has the moving image storing
unit 112 send the specified image pair to the image display
unit 104, and has the automatic contour extracting unit 120
send the specified contour pair to the automatic capacity
measuring unit 215. The pulsebeat synchronizing unit 130
repeats the above series of operations for each phase.

As shown in FIG. 14, the automatic capacity measuring
unit 215 specifies cross-sectional areas “Al” and “A2”, and
major axes “h1” and “h2” of the contour pair sent from the
automatic contour extracting unit 120 to calculate a capacity
of the object by using an approximate expression in accor-
dance with the biplane area length method. This approxi-
mate expression uses two cross sections that are orthogonal
to each other, and yields a more accurate capacity than the
single-plane-area approximate expression used in the first
embodiment.

FIGS. 15A-15D are used to explain control operations of
the pulsebeat synchronizing unit 130. FIGS. 15A and 15B
show a time axis and pulsebeats (a blood-flow waveform),
respectively. FIG. 15C shows an example of sequences of
ultrasound images (or contour data extracted from these
ultrasound images), which are obtained over different peri-
ods for cross sections that are orthogonal to each other. For
this example, the sequences of ultrasound images are for
two-chamber and four-chamber views of the heart. FIG. 15D
shows a state in which an image pair and a contour pair are
used for image display and capacity calculation, respec-
tively. The image pair and the contour pair are selected from
the above two types of ultrasound image sequences and
contour data sequences, and consist of images and contour
data, respectively, with the same phase.

FIG. 16 shows an example of a screen of the object’s
contours and capacity obtained under the control of the
pulsebeat synchronizing unit 130. For this example, the
image display unit 104 presents a graph showing the tran-
sition of the capacity of the left ventricle over time in a lower
part of the screen of the display apparatus 11. In synchro-
nization with this presentation, the image display unit 104
also presents a contour of the left ventricle in a two chamber
view at the upper left portion of the screen, and a contour of
the left ventricle in a four chamber view at the upper right
portion of the screen.

As has been described, the present ultrasonic diagnostic
device 20 has the pulsebeat synchronizing unit 130 specify
an image pair and a contour pair that consist of ultrasound
images and sets of contour data, respectively, with the same
phase out of a plurality of ultrasound image sequences and
contour data sequences obtained over different periods. As
the present ultrasonic diagnostic device 20 performs image
processing while treating images and contour data within
each specified pair as a group of information concerning the
same state of the same object, the ultrasonic diagnostic
device 20 can provide highly detailed and accurate diagnos-
tic results.
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Example Modifications

The following describes example modifications of the
ultrasonic diagnostic devices 10 and 20 and their elements of
the first and second embodiments.

An example modification relating to an image normaliz-
ing unit 211 that can replace the image normalizing unit 111
described in the above embodiments is described first.

FIG. 17A is a block diagram showing a detailed construc-
tion of the image normalizing unit 211. FIG. 17B illustrates
contents of normalization performed by the normalizing unit
211 for an ultrasound image. FIG. 17B shows a transition of
density distribution of the ultrasound image.

This image normalizing unit 211 is unique in that it
performs different normalization for each object to be exam-
ined, and the image normalization unit 211 selects a con-
version operation that is best suited for the object and
performs the selected conversion operation to normalize an
ultrasound image of the object. The image normalizing unit
211 includes a control judging unit 2114, a standard storing
unit 2115, and a density converting unit 211¢.

The standard storing unit 2115 is a rewritable memory
storing in advance normalization standards (i.e., indexes
showing how density distribution should be converted)
which are associated with each type of an object subject to
examination. The operator can edit and set contents of the
standard storing unit 2115 in advance.

The stored normalization standards may be, for instance,
standard parameters for normalization that produces an
image of a heart in which a left ventricle is presented more
clearly than other parts of the heart, and an image of a fetus
whose surface parts are clearly presented. More specifically,
one of the stored normalization standards may be, with a
premise that density distribution of an ultrasound image is
Gaussian distribution, for making an average density value
in a predetermined region around the center of the ultra-
sound image half a dynamic range value, and another
standard may be for making a variance of the density
distribution in the predetermined region one-tenth the
dynamic range (as in conversion shown in FIG. 17B).

The density converting unit 211¢ stores in advance LUTs
corresponding to a plurality of transform functions. Upon
receiving an ultrasound image and a designated region in the
image, the density converting unit 211¢ converts the density
of each pixel of the designated region by using each of the
plurality of LUTs to generate a plurality of sets of image
data, and sends them back to the control judging unit 211a.

By communicating with the standard storing unit 2115
and the density converting unit 211¢, the control judging umt
211a controls operations to perform normalization that best
matches the normalization standard determined by a type or
other property of the object.

FIG. 18 is a flowchart showing the processing of the
image normalizing unit 211. Upon receiving an ultrasound
image from the image generating unit 110, the control
judging unit 2114 specifies an object to be examined and a
region to be normalized in accordance with either an instruc-
tion given by the operator beforehand, or contours of objects
extracted in the past (step S520). The control judging unit
211a then reads from the standard storing unit 2115 a
normalization standard which is associated with the speci-
fied object (step S521).

After this, the control judging unit 211a sends the ultra-
sonic image containing the specified region to be normalized
to the density converting unit 211¢, and has the density
converting unit 211¢ convert the sent ultrasound image to
generate a set of image data (step S523). The control judging
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unit 211a then evaluates a level of normalization performed
on the generated set of image data (step S524). The control
judging unit 211a repeats these operations from steps
S523-S524 a number of times equal to a number of LUTs
stored in the density converting unit 211c (steps
S522-S525). For instance, if the read normalization standard
relates to variance, the control judging unit 211a evaluates
a level of the conducted normalization by calculating a
variance of density distribution of each set of the generated
image data in step S524.

Out of the plurality of evaluated levels, the control
judging unit 211a specifies one level that is closest to the
read normalization standard, and then sends the generated
set of image data corresponding to the specified level to the
image generating unit 110 as a normalized ultrasound image
(step S526). For example, the control judging unit 211a
specifies, out of calculated variance values, a variance value
closest to one-tenth of the dynamic range, and returns a set
of image data corresponding to the specified variance to the
image generating unit 110.

This image normalizing unit 211 performs flexible nor-
malization, instead of fixed normalization, by selecting a
normalization that is best suited to an object to be examined.
This allows subsequent image processing, such as contour
extraction, to be accurately performed at a higher speed.

The following describes another example modification
relating to an automatic contour extracting unit 220 that can
replace the automatic contour extracting unit 120 of the
above embodiments.

FIG. 19 is a block diagram showing a construction of the
automatic contour extracting unit 220 of the present example
modification. In addition to the elements of the automatic
contour extracting unit 120 of the above embodiments, the
present automatic contour extracting unit 220 includes an
initial contour correcting unit 223, an input selecting umt
224, an initial contour selecting unit 225, and an information
storing unit 226.

The initial contour correcting unit 223 corrects a shape
and a position of an initial contour extracted by the initial
contour extracting unit 121 so as to stabilize subsequent
extraction by the dynamic contour extracting unit 122. The
initial contour correcting unit 223 returns the corrected
initial contour to the initial contour extracting unit 121, or
outputs the corrected initial contour to the dynamic contour
extracting unit 122 via the input selecting unit 224.

In more detail, the initial contour correcting unit 223
calculates a deviation in a position of the initial contour
extracted by the initial contour extracting unit 121 by
comparing a center position and a moment quantity of the
initial contour with those obtained from information regard-
ing regions within the ultrasound image around this initial
contour. Upon detecting that the calculated deviation value
is higher than a predetermined value, the initial contour
correcting unit 223 moves the center of the initial contour to
a position between the above positions of centers. The initial
contour correcting unit 223 may also change a parameter
(such as a threshold value for the stated binarization) that is
used for the extraction of the initial contour, and has the
initial contour extracting unit 121 extract the initial contour
again.

In accordance with an instruction and the like given by the
operator in advance, the input selecting unit 224 selects one
of the following two control flows: (i) returning the result of
correction by the initial contour correcting unit 223 to the
initial contour extracting unit 121 to allow the initial contour
extracting unit 121 to extract the initial contour again, and
having the dynamic contour extracting unit 122 extract a
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contour; and (ii) giving the correction result of the initial
contour correcting unit 223 directly (by feed-forward opera-
tion) to the dynamic contour extracting unit 122, and having
the contour extracting unit 122 extract a contour. This
selection allows an initial contour extraction to be repeated
a given number of times in accordance with necessity.

By referring to criterion information stored in the infor-
mation storing unit 226, the initial contour selecting unit 225
selects either one or at least two designated contours out of
a plurality of contours extracted by the initial contour
extracting unit 121. The initial contour selecting unit 225
then sends the selected contours to the initial contour
extracting unit 121, which sends the contours as initial
contours to the initial contour correcting unit 223 and the
dynamic contour extracting unit 122.

Note that the initial contour selecting unit 225 is allowed
to select a plurality of contours because a single ultrasound
image often contains a plurality of regions and objects of
interest. In such a case, the contour selecting unit 225
enables the selected plurality of objects to be processed and
analyzed in parallel in subsequent operations.

The information storing unit 226 stores beforehand the
criterion information, such as that relating to positions,
shapes, sizes, and a position relative to other initial contours,
which specify organs and cavities that are important for
diagnosis. The stored criterion information may indicate for
a heart that its left ventricle is often an object that is subject
to examination, takes a bell-like shape in an upper center of
the ultrasound image, is larger than other cavities (such as a
left atrium, a right atrium, and a right ventricle), and lies in
a region at the upper right.

By referring to such criterion information as described
above, the initial contour selecting unit 225 is capable of
accurately selecting a contour (of the left ventricle) specified
by the criterion information.

With the provision of the above units, such as the initial
contour correcting unit 223 and the initial contour selecting
unit 225, an initial contour extracted by the initial contour
extracting unit 121 is sent to the dynamic contour extracting
unit 122 not directly but through correction and selection
made from a variety of viewpoints. This can improve
convergence in the iterative calculation by the dynamic
contour extracting unit 122.

The following describes another example modification
incorporating an image processing unit 303 that can replace
the image processing unit 103 described in the above
embodiments.

FIG. 20 is a block diagram showing a construction of the
image processing unit 303 of the present modification. The
image processing unit 303 includes, in addition to the units
included in the stated image processing unit 103, a contour
use ascertaining unit 321 which allows the operator to select
whether an automatically extracted contour should be used
for the subsequence operations.

The contour use ascertaining unit 321 uses a graphical
user interface (GUI) to communicate with the operator by
presenting contours either extracted by the automatic con-
tour extracting unit 120 or corrected by the contour correct-
ing unit 114 to the display apparatus 11. The use ascertaining
unit 321 then receives an operator’s instruction regarding the
use of the presented contours to allow the subsequent
operations to be performed based on the operator’s instruc-
tion.

More specifically, the contour use ascertaining unit 321
receives an operator’s instructions indicating, for every
contour displayed by the display apparatus 11, whether the
contour is used for the subsequent operations via a track ball,
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amouse, a stylus, and the like, as shown in FIG. 21. The use
ascertaining unit 321 then only sends data on contours
indicated by the operator’s instruction that it should be
processed by subsequent units (such as a contour correcting
unit 114, an automatic capacity measuring unit 115, a 3D
image generating unit 116, and an image display unit 104).
In this way, contours are selected for subsequent operations.

This not only achieves correct diagnosis for which extrac-
tion result of the automatic contour extracting unit 120
reflects an operator’s purpose, experience, and knowledge
concerning diagnosis, but also limits objects to be examined
to a certain object and prevents incorrect diagnosis from
being conducted due to a virtual image resulting from the
refraction of ultrasound in the living body.

The following describes example modifications regarding
methods for using past extraction results for initial contour
extraction.

With the above embodiments, the initial contour extract-
ing unit 121 generates a new initial contour by predicting the
movement of the object of interest from a plurality of
contours extracted immediately before this new initial con-
tour when frames are continuously inputted at a certain
frame rate, as shown in FIGS. 9A-9C. This method may be
replaced by other methods described below.

For instance, the initial contour extracting unit 121 may
use a contour, which has been most recently extracted by the
dynamic contour extracting unit 122, as an initial contour
that follows this extracted contour, as shown in FIG. 22.
Such a simple (high-speed) operation is sufficient when a
frame rate is high or movement of the object is small.

When the real-time contour extraction is not necessary
(i.e., when contour extraction does not have to be performed
for ultrasound images in order of their generation), it is
alternatively possible to generate (estimate) an initial con-
tour within an ultrasound image through interpolation using
past results of extraction from a plurality of ultrasound
images (of frames) which have been obtained immediately
before and after the ultrasound image containing the initial
contour to be estimated.

FIGS. 23A-23C show a method for generating an initial
contour through such interpolation. In FIGS. 23A-23C,
contours are expressed from the oldest to newest as contours
“A” “B”, and “C.” With this method, the initial contour “B”
is generated (estimated) from two already extracted contours
“A” and “C”, which respectively correspond to times before
and after a time corresponding to the ultrasound image
containing the estimated contour “B.”

Specifically, this estimation (calculation) may be per-
formed, for instance, by calculating an average of the same
characteristic points of the extracted contours “A” and “C”
to regard the calculated average as a coordinate of the
estimated initial contour “B.” Tt is alternatively possible to
regard, as an estimated initial contour “B”, a contour that
surrounds a region (for which the stated binarization has
been performed) generated by the OR operation using two
regions surrounded by the extracted contours “A” and “C”,
as shown in FIGS. 24A-24C. Instead of the above OR
operation, the AND operation may be performed, as shown
in FIGS. 25A-25C.

From the above methods for estimating an initial contour,
a desirable method may be selected in accordance with an
object’s type, changing state and speed of the object’s shape,
and the like.

The following describes an example modification relating
to methods for calculating the capacity of an object of
interest by using an extracted contour of the object.
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The automatic capacity measuring units 115 and 215 of
the first and second embodiments calculate the capacity of
the object by using approximate expressions in accordance
with the single plane area length method and the biplane area
length method, respectively. Instead of such approximate
expressions, other expressions may be used for the present
invention.

For instance, when an ultrasound image for a cross section
viewed from only one direction can be obtained, an approxi-
mate expression in accordance with the Simpson method
may be used to calculate the object’s capacity as shown in
FIG. 26. When ultrasound images for different cross sections
that are orthogonal to each other are obtained, an approxi-
mate expression under the modified Simpson method may
be used, as shown in FIG. 27.

For these two approximate expressions, an object of
interest is divided into a plurality of slices, and a radius “Ai”
(and a radius “Bi”) of each slice and a length “I” between
two slices are used for calculation based on the shown
approximate expressions to yield an approximate volume of
the object. Although the present two approximate expres-
sions do not achieve a real-time feature as achieved by the
plane area length method of the above embodiment because
they require a plurality of ultrasound images, they have an
advantage of correctly calculating a capacity that is very
close to the object’s actual capacity.

The ultrasonic diagnostic devices of the present invention
have been described based on several embodiments and
example modifications. The present invention, however, is
not limited to these embodiments and example modifica-
tions, and the following modifications are also possible.

The probe 13 of the ultrasonic diagnostic device 10 may
include the LCD unit in its handle part near the cable as
shown in FIG. 28 or may not include any LCD unit as in
ordinary probes although the probe 13 of the above embodi-
ments includes the LCD unit in its top part on the back.

It is of course possible to combine given independent
elements and units, which bear no exclusive relations with
one another, of the above ultrasonic diagnostic devices so as
to achieve an ultrasonic diagnostic device with a variety of
functions and features. For instance, it is possible to com-
bine the following units: the real time control unit 113 of the
first embodiment for controlling a frame rate based on which
an object’s cross section viewed from a single direction is
scanned; the pulsebeat synchronizing unit 130 of the second
embodiment for combining different ultrasound images of
cross sections viewed from a plurality of directions; the
automatic contour extracting unit 220 of the above example
modification for extracting the contour of the object with
great accuracy; and the contour use ascertaining unit 321 of
the example modification to determine whether or not con-
tours for two cross sections that are orthogonal to each other
are collectively processed. This combination achieves an
ultrasonic diagnostic device which is capable of highly
accurate contour extraction and capacity calculation that
reflect the knowledge of the operator.

The ultrasonic diagnostic devices of the present invention
do not reject an operator’s input operation during diagnosis
and can operate in accordance with an operator’s instruc-
tions for a variety of operations.

For instance, although the automatic contour extracting
unit 220 shown in FIG. 19 automatically selects certain
initial contours that are used for the subsequent operation
from a plurality of candidate initial contours, it is alterna-
tively possible, as in an automatic contour extracting unit
420 shown in FIG. 29, that the operator specifies, out of a
plurality of contours extracted by an initial contour extract-
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ing unit 121, an initial contour for the subsequent use while
viewing the display apparatus 11. For achieving this, a
contour externally selecting unit 421 may be provided.

As shown in FIG. 30, it is alternatively possible to provide
an automatic contour extracting unit 430 which includes the
following units: an initial contour input unit 431 for obtain-
ing and storing an initial contour in accordance with a dialog
(interaction) with the operator; and a contour selecting unit
432 for selecting, in accordance with a parameter and the
like that are set beforehand, either the stored initial contour
or another initial contour that is automatically extracted by
an initial contour extracting unit 121, and for sending the
selected initial contour to a dynamic contour extracting unit
122.

Not that this operator’s input operation is for specifying
not a precise contour of an object but an initial contour of the
object and that the operator’s load of such operation is very
small especially when types of target objects such as organs
are limited. This modification may therefore reduce overall
diagnosis time in some cases.

Similarly, although the contour correcting unit 114 of the
above embodiments automatically corrects a contour in
accordance with a stored standard in real time, the contour
correcting unit 114 may perform, instead of such real-time
automatic correction, correction on an accumulated ultra-
sound image while interacting with the operator.

The image normalizing unit 111 and the density adjusting
unit 121¢ within the automatic contour extracting unit 120
of the above embodiments may be provided as a single umt
because both of the units 111 and 121a perform image
processing to improve the contrast of a region and an object
that is subject to examination within an ultrasound image.
For instance, an image normalizing unit may perform equal-
ization for facilitating contour extraction, in addition to
predetermined normalization for the entire ultrasound
image.

The ultrasonic diagnostic devices of the above embodi-
ments may limit the target object that is subject to exami-
nation to a left ventricle of a heart, a fetus, and the like. The
ultrasonic diagnostic device of the second embodiment is
particularly suitable for use dedicated to heart diagnosis
since this diagnostic device is capable of extracting images
synchronized by a pulsebeat from ultrasound images corre-
sponding to two cross sections that are orthogonal to each
other, and is capable of calculating a capacity of the object
with high accuracy. For such a dedicated ultrasonic diag-
nostic device, parameters to be stored can be limited to those
related to the left ventricle, and the processing can be
simplified. This makes it possible to not only invest the
system resource intensively in the processing related to the
left ventricle and achieve higher-speed system performance
but also reduce the cost by omitting unused functions. The
user therefore benefits from the improved ease of use
resulting from the enhanced system performance.

In the above example modifications shown in FIGS.
23-25, the method for extracting an initial contour based on
the past extraction results is described by using three frames
“A”, “B”, and “C.” The number of such frames, however, is
not limited to three and may be five, for example. In this
case, five frames are used for equalization and interpolation
to estimate an initial contour that comes midway between
these frames in timing.

The processing of the automatic contour extracting units
of the present ultrasonic diagnostic devices may be applied
to more common images obtained by a digital camera and
the like as well as to an ultrasound image obtained by an
ultrasonic diagnostic device. Embodying such contour
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extraction function as a program and having this program
executed by a computer such as a PC achieve a general-
purpose image processing device having a contour extrac-
tion function according to the preset invention.

What is claimed is:

1. An ultrasonic diagnostic device that generates and
displays an ultrasound image containing an object which is
subject to examination in accordance with reflection of
ultrasound, said ultrasonic diagnostic device comprising:

an automatic contour extracting unit operable to extract a

final contour of the object from the ultrasound image by
performing a predetermined operation on the ultra-
sound image;

an automatic capacity calculating unit operable to calcu-

late a capacity of the object by using the final contour
extracted by said automatic contour extracting unit; and

a measurement display unit operable to display the capac-

ity calculated by said automatic capacity calculating
unit;

wherein said automatic contour extracting unit includes:

an initial contour extracting unit operable to roughly
extract an initial contour of the object; and

a dynamic contour extracting unit operable to accu-
rately extract the final contour by using the initial
contour extracted by said initial contour extracting
unit as an initial value and by applying an active
contour model to the object within the ultrasound
image; and

wherein said measurement displaying unit is operable to

display the capacity while leaving previously calcu-
lated capacities displayed so as to display a transition of
capacity over time.

2. The ultrasonic diagnostic device of claim 1, wherein:

said automatic contour extracting unit is operable to

extract a contour of a left ventricle of a heart as the final
contour,

said automatic capacity calculating unit is operable to

calculate a capacity of the left ventricle; and

said measurement displaying unit is operable to display

the capacity of the left ventricle while leaving previ-
ously calculated capacities displayed to thereby display
a transition of the capacity of the left ventricle over
time.

3. An ultrasonic diagnostic device that generates and
displays an ultrasound image containing an object which is
subject to examination in accordance with reflection of
ultrasound, said ultrasonic diagnostic device comprising:

an automatic contour extracting unit operable to extract a

final contour of the object from the ultrasound image by
performing a predetermined operation on the ultra-
sound image;

an automatic capacity calculating unit operable to calcu-

late a capacity of the object by using the final contour
extracted by said automatic contour extracting unit; and

a real time control unit operable to have an operation

repeatedly performed at a fixed frame rate, the opera-
tion including: (a) generation of the ultrasound image;
(b) the extraction of the final contour by said automatic
contour extracting unit; and (c¢) the calculation of the
capacity of the object by said automatic capacity cal-
culating unit;

wherein said automatic contour extracting unit includes:

an initial contour extracting unit operable to roughly
extract an initial contour of the object; and

a dynamic contour extracting unit operable to accu-
rately extract the final contour by using the initial
contour extracted by said initial contour extracting
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unit as an initial value and by applying an active
contour model to the object within the ultrasound
image; and
wherein said real time control unit includes a frame rate
control unit operable to monitor the operation and
change the frame rate to have the operation completely
performed.
4. An ultrasonic diagnostic device that generates and
displays an ultrasound image containing an object which is
subject to examination in accordance with reflection of
ultrasound, said ultrasonic diagnostic device comprising:
an automatic contour extracting unit operable to extract a
final contour of the object from the ultrasound image by
performing a predetermined operation on the ultra-
sound image;
a contour correcting unit operable to correct the final
contour extracted by said automatic contour extracting
unit in accordance with either interaction with an
operator or a standard that said contour correcting unit
stores; and
a use ascertaining unit operable to determine, for one of
the extracted final contour and the corrected final
contour, whether the final contour is used for subse-
quent operation in accordance with interaction with the
operator;
wherein said automatic contour extracting unit includes:
an initial contour extracting unit operable to roughly
extract an initial contour of the object; and

a dynamic contour extracting unit operable to accu-
rately extract the final contour by using the initial
contour extracted by said initial contour extracting
unit as an initial value and by applying an active
contour model to the object within the ultrasound
image.
5. The ultrasonic diagnostic device of claim 4, further
comprising an automatic capacity calculating unit operable
to calculate a capacity of the object by using the final
contour determined to be used by said use ascertaining unit.
6. The ultrasonic diagnostic device of claim 5, further
comprising a three-dimensional image generating unit oper-
able to accumulate each final contour determined to be used
so as to generate and display a three-dimensional image for
the object.
7. An ultrasonic diagnostic device that generates and
displays an ultrasound image containing an object which is
subject to examination in accordance with reflection of
ultrasound, said ultrasonic diagnostic device comprising:
an automatic contour extracting unit operable to extract a
final contour of the object from the ultrasound image by
performing a predetermined operation on the ultra-
sound image; and
an image normalizing unit operable to normalize the
ultrasound image by converting a density of pixels of
the ultrasound image in such a way as to make a density
distribution of the ultrasound image satisfy a predeter-
mined condition;
wherein said automatic contour extracting unit includes:
an initial contour extracting unit operable to roughly
extract an initial contour of the object; and

a dynamic contour extracting unit operable to accu-
rately extract the final contour by using the initial
contour extracted by said initial contour unit as an
initial value and by applying an active contour model
to the object within the ultrasound image;

wherein said automatic contour extracting unit is operable
to perform the predetermined operation on the normal-
ized ultrasound image to extract the final contour; and
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wherein said image normalizing unit includes:

a condition storing unit operable to store the predetet-
mined condition in advance;

a density converting unit operable to convert the den-
sity of the pixels by using a plurality of transform
functions to generate a plurality of ultrasound
images; and

a control judging unit operable to specify, out of the
plurality of ultrasound images, an ultrasound image
that satisfies the predetermined condition stored in
said condition storing unit, and output the specified
ultrasound image as a normalized ultrasound image.

8. An image processing device that extracts a final contour
of an object that is subject to examination from an ultra-
sound image, said image processing device comprising:

an automatic contour extracting unit operable to extract

the final contour;

an automatic capacity calculating unit operable to calcu-

late a capacity of the object by using the final contour
extracted by said automatic contour extracting unit; and

a measurement display unit operable to display the capac-

ity calculated by said automatic capacity calculating
unit;

wherein said automatic contour extracting unit includes:

an initial contour extracting unit operable to roughly
extract an initial contour of the object; and

a dynamic contour extracting unit operable to accu-
rately extract the final contour by using the initial

28

contour extracted by said initial contour extracting
unit as an initial value and by applying an active
contour model to the object within the ultrasound
image; and
wherein said measurement displaying unit is operable to
display the capacity while leaving previously calcu-
lated capacities displayed to thereby display a transition
of capacity over time.
9. A program stored on a computer-readable medium, said

10 program causing a computer to execute operations compris-

ing:

roughly extracting an initial contour of the object by
performing a predetermined operation on the ultra-
sound image;

accurately extracting a final contour of the object by using
the initial contour extracted in said roughly extracting
of the initial contour as an initial value and by applying
an active contour model to the object within the ultra-
sound image;

calculating a capacity of the object by using the final
contour extracted in said accurately extracting of the
final contour; and

displaying the capacity calculated in said calculating of
the capacity while leaving previously calculated
capacities displayed to thereby display a transition of
capacity over time.
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