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57 ABSTRACT

In an ultrasonic diagnostic apparatus capable of forming a
three-dimensional ultrasonic image, an entire cavity portion
of an organ can be displayed without any part being invis-
ible. Three-dimensional ultrasonic image data obtained
based on an ultrasonic wave transmitted and received with
respect to an object organ is stored in a memory 20. With
regard to the stored data, a brightness value of each voxel is
binarized in a binarization processing section 24 using a
predetermined threshold value. Then, the binarized bright-
ness value is further inverted in a brightness value inverting
section 26. Consequently, the cavity portion of the organ
which has low brightness before inversion has high bright-
ness, and the wall portion of the organ which has high
brightness before inversion and which obstruct observation
of the inner cavity portion has now low brightness. Thus,
solid representation of the cavity portion to be observed can
be obtained, thereby facilitating observation.

5 Claims, 5 Drawing Sheets
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1
ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic diagnostic
apparatus for providing an image of a cavity portion of an
organ as a three-dimensional image.

2. Description of Related Art

Ultrasonic diagnostic apparatuses which transmit and
receive ultrasound with respect to a living body and which
then provide a three-dimensional image of inside the living
body based on a received ultrasonic signal have been known.
In general, the three-dimensional image thus obtained is a
solid representation of information concerning a brightness
value of each voxel. In this case, however, a cavity portion
inside an organ cannot be observed. When observing a heart,
for example, a cardiac muscle portion is brightly displayed
because ultrasound is reflected by the cardiac muscle of the
heart, and no information can be obtained regarding a cavity
portion inside the organ, such as the characteristics or
behavior of a ventricle. Therefore, in order to observe a
cavity portion, a processing is conventionally performed in
which a cutting plane is specified and an image of the cavity
portion is displayed while information concerning regions in
front of the plane is eliminated, for example.

Further, in diagnosis regarding the heart, there is a
demand for obtaining a stroke volume of the heart. Con-
ventionally, an approximate stroke volume has been
obtained based on a tomogram of the heart or the like. For
example, the length of a predetermined portion of the left
ventricle is measured and the stroke volume is obtained
based on sequential change of this length over time, or, in
another example, the cross sectional area of the left ventricle
at a certain cutting section is obtained and the stroke volume
is calculated based on sequential change in this cross sec-
tional area with time.

When a cavity portion inside an organ is observed,
necessary information is often provided by the state of the
inner wall surface of the cavity. Accordingly, when a cavity
is observed in such a manner that a cutting plane is specified
and information concerning regions in front of the cutting
plane is eliminated, as conventionally performed, it is not
possible to observe the regions of the cavity which have
been eliminated.

Further, according to the conventional method, a volume
of a cavity portion being observed is only an assumed value
based on the length of a predetermined part and the area of
a predetermined section. Therefore, an accurate volume
cannot be obtained.

SUMMARY OF THE INVENTION

The present invention advantageously provides an ultra-
sonic diagnostic apparatus capable of preferable observation
and information acquisition concerning a cavity portion
inside an organ.

An ultrasonic diagnostic apparatus according to an
embodiment of the present invention inverts and binarizes
the brightness value of each voxel regarding three-dimen-
sional data obtained based on a received ultrasonic signal so
as to display a cavity portion of an organ, and provides a
three-dimensional image of the cavity portion of the organ.
Because the brightness value is inverted, it is possible to
observe cavity portions where ultrasound reflection is weak.
Further, binarization processing enables reliable extraction
of the outline surface of the cavity portion being observed.
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It is further possible to provide means for specifying a
region of interest for extracting a cavity portion of an organ
to be observed with regard to the inverted and binarized
data.

Also, it is possible to calculate and provide the volume of
the cavity portion of the organ based on a three-dimensional
image thereof. Further, it is possible to provide data for
supporting diagnosis, such as a change of the volume with
time and a ratio between the minimum and maxinum values
of the volume.

An object organ may be a heart and an object cavity
portion may be a left ventricle. Information concerning the
cardiac output can be obtained by calculating the volume of
the left ventricle.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the invention will be explained
in the description below, in connection with the accompa-
nying drawings, in which:

FIG. 1 is a schematic view showing an appearance of an
ultrasonic diagnostic apparatus according to an embodiment
of the present invention;

FIG. 2 is a block diagram showing a configuration accord-
ing to the embodiment of the present invention;

FIG. 3 is a view showing an example of an inverted and
binarized ultrasonic image;

FIG. 4 is a view showing an example of region of interest
for extracting the cardiac cavity portion; and

FIG. 5 is an example image of an extracted cardiac cavity
portion which has been binarized and inverted.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be
described in further detail with reference to the accompa-
nying drawings. Although a heart, particularly a left ven-
tricle, is described as the object of observation in the
following example, the present invention is clearly also
applicable to other cardiac cavities and to cavity portions of
other organs.

FIG. 1 schematically shows an appearance of an ultra-
sonic diagnostic apparatus 10 according to an embodiment
of the present invention. The ultrasonic diagnostic apparatus
10 has a function of forming a three-dimensional ultrasonic
image. The ultrasonic diagnostic apparatus 10 includes an
operation panel 14 for performing various operations at a
front surface of a main body 12 of the apparatus 10. Further,
an ultrasonic probe 16 for transmitting and receiving ultra-
sound with regard to an object is connected via a cable to the
apparatus main body 12. A monitor 17 is provided above the
apparatus main body 12 for displaying an ultrasonic image
or the like obtained based on a reflection wave received by
the ultrasonic probe 16. A circuit board in which a circuit for
performing transmission/reception of ultrasonic wave, sig-
nal processing of received reflection wave, image process-
ing, or the like is incorporated, is provided within the
apparatus main body 12.

FIG. 2 is a block diagram showing a configuration con-
cerning formation of an ultrasonic image, and specifically
shows a configuration related to image processing suitable
for displaying a cavity portion of an organ, such, for
example, as a cardiac cavity portion including a left ven-
tricle. The ultrasonic probe 16 is capable of scanning in two
directions using an ultrasonic beam, which enables forma-
tion of a three-dimensional ultrasonic image. A transmis-
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sion/reception section 18, which corresponds to the ultra-
sonic probe 16 for three-dimensional image, controls
transmission and reception of ultrasonic wave and transmits
the received data to a three-dimensional data memory 20
where the data is stored. In an example according to the
present embodiment in which the ultrasonic probe 16 is a
convex type probe, the three-dimensional data is stored in
the form of a polar coordinate system (0, ¢, r) based on a
main scanning direction 8 of the ultrasonic beam, a sub
scanning direction ¢ orthogonal to the main scanning direc-
tion, and a distance r from the center of curvature of a
contact surface of the ultrasonic probe 16. The three-dimen-
sional data may also be stored in another form, such as a
form obtained by converting the polar coordinate system,
which can be obtained directly from reflection wave infor-
mation, into another coordinate system, such as, for
example, a rectangular coordinate system (x, y, z).

The data stored in the three-dimensional data memory 20
has a brightness corresponding to the intensity of reflection
wave. When a heart is an observation object, the cardiac
muscle portion which causes significant reflection has a high
brightness, while the cardiac cavity portion which is filled
with fluid (blood) only weakly reflects the ultrasound and
has a low brightness. When such data is displayed in a
typical three-dimensional representation, only the cardiac
muscle portion having high brightness is displayed, and the
inner cardiac cavity portion being hidden behind the cardiac
muscle portion and not displayed. According to the present
embodiment, in order to display the cardiac cavity portion,
the brightness value is inverted, such that the cardiac muscle
portion will have low brightness and the cardiac cavity
portion will have high brightness, thereby making it possible
1o observe the cardiac cavity portion in a three-dimensional
representation. An inverted image is created by processing
the data stored in the three-dimensional data memory 20 by
an inverted image forming section 22. The image processing
performed by the inverted image forming section 22 will be
described in detail below.

First, the brightness value of each voxel data in the
three-dimensional data memory 20 is binarized in a bina-
rization processing section 24. The threshold value used for
binarization may be a predetermined fixed value or may be
set by an operator in accordance with an ultrasonic image
which is obtained. When the brightness data is based on 64
gray-scale levels, for each voxel, the brightness value is set
to 0 when the brightness is lower than the threshold value,
and the brightness value is set to 63 when the brightness
value equals to or greater than the threshold value. Then, the
brightness value is inverted in a brightness value inverting
section 26. Because the brightness value has already been
binarized, the brightness value is inverted from 0 to 63, or
from 63 to 0 due to the inversion. Similar results can be
obtained even when the order of performing the binarization
and the inversion processing is reversed. When the inversion
processing is performed prior to the binarization, in the case
of 64 gray-scale levels, a processing is first performed in
which the brightness is inverted from 0 to 63, from 1 to 62,
from 2 to 61, . . . from 63to 0. Subsequently, the inverted
values are binarized using a predetermined threshold value.

FIG. 3 shows an example image based on binarized and
inverted data. In FIG. 3 is shown a state in which conversion
from a polar coordinate system to a rectangular coordinate
system has been performed. The surfaces which have an
appearance similar to side surfaces of a quadrangular pyra-
mid correspond to a portion where, perhaps due to the
influence of a rib or the like, no reflection wave of ultrasound
exists, and have appeared by inversion of the brightness
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values. The portion which seems to bulge in the middle of
the drawing represents the cardiac cavity.

Although not shown in FIG. 3, when the binarized data is
displayed without any processing, the display is inferior
because the contrast is too high, and the noise is emphasized.
It is therefore preferable to apply image processing such as
the following to the binarized and inverted data so as to form
and display a clear and useful image. First, noise removal is
performed in a noise removing section 28. For example, on
a 0-¢ plane, with regard to eight voxels surrounding a certain
target voxel, when at least five voxels have a brightness
value of 63 (in the case of 64 gray-scale), the brightness
value of the target voxel is set to 63. When four or less
voxels have a brightness value of 63, the target voxel
maintains its brightness value. Further, when at least five
voxels surrounding the target voxel have a brightness value
of 0, the brightness value of the target pixel is set to 0. When
four or less voxels have a brightness value of 0, the target
voxel maintains its brightness value. The noise removing
processing which is performed on a 6-¢ plane in the above
description may also be performed on a 6-r plane or a ¢-r
plane. Further, the brightness value of a target voxel may be
determined based on brightness values of 26 voxels three
dimensionally surrounding the target voxel.

Subsequently, a smoothing processing is performed in a
smoothing section 30. Because the binarized data is, as
described above, not preferable, an image processing for
obtaining a smooth display is performed. For example,
smoothing can be achieved by determining the brightness
value of a certain voxel to be an average of brightness values
of the certain voxel and the surrounding voxels. In order to
calculate the average value, 9 voxels within one plane or 27
voxels in a three-dimensional plane may be used. With such
smoothing processing, voxels with a middle tone are gen-
erated, resulting in a smooth display. Further, in an interpo-
lating section 32, interpolation between lines (in the 6
direction) and between frames (in the ¢ direction) is per-
formed.

Finally, extraction of a cardiac cavity portion is performed
in a cardiac cavity portion extracting section 34. As also
shown in FIG. 3, in an image which has been binarized and
inverted, displayed images other than that of the cardiac
cavity portion which is the object of observation obstruct
observation of the cardiac cavity portion being observed.
Therefore, the cardiac cavity portion is extracted using a
general shape thereof. FIG. 4 shows an example of region of
interest for extracting the cardiac cavity portion. Because the
shape of the cardiac cavity portion can be outlined by a
substantial ellipsoid, the region of interest is set to a sub-
stantial ellipsoid. In FIG. 4, the upper left view is a plan view
of an ellipsoid, the lower left view is a front view thereof, the
upper right view is a side view thereof, and the lower right
view is a perspective view thereof. The shape (the length of
a longer axis, the length of shorter axis, and so on) and the
position of the ellipsoid is determined such that the cardiac
cavity portion can be preferably extracted. Although the
region of interest is preferably a substantial ellipsoid when
a cardiac cavity portion is extracted, when other site is
extracted, it is preferable that the region of interest having a
shape in accordance with that target site is used for extrac-
tion.

A selector 36 selects either the original three-dimensional
data or the extracted data of a cardiac cavity portion which
has been binarized and inverted, according to an operator’s
instruction, and transmits the selected data to a converting
section 38. The converting section 38 performs data con-
version from a polar coordinate system to a rectangular
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coordinate system and also data conversion for two-dimen-
sional display. When data stored in the three-dimensional
data memory 20 is already converted to a rectangular
coordinate system, only the data conversion for displaying
three-dimensional data two-dimensionally is performed in
the converting section 38. Then, a display is created on the
monitor 17 using the converted data.

Further, a volume calculating section 40 calculates the
volume of the cardiac cavity portion based on the data of the
cardiac cavity portion extracted by the cardiac cavity portion
extracting section 34. Because the extracted cardiac cavity
portion is a solid model, the volume can be obtained with
higher degree of accuracy than when the volume is assumed
from the length of a part of the cardiac cavity portion or from
a cross sectional area in one section of the cardiac cavity
portion. In addition, information supporting a diagnosis,
such as, for example, a change of the volume with time, the
maxim and minimum values of the volume, and a stroke
volume corresponding to the difference between the maxim
and minimum volumes, are also calculated. All or some
portion of the calculated data is displayed on the monitor 17.

FIG. 5 shows an example of an image of the extracted
cardiac cavity portion. The viewing point can be changed by
user operation of the operation panel 14, so that the rear side
in the display of FIG. 5 can also be observed.

While in the foregoing embodiment, processing in which
the brightness value is both inverted and binarized is per-
formed, it is also possible to display data which has only
been inverted, and has not been binarized.

As described above, a cavity portion of an organ, which
normally has a low brightness, is made bright by inverting
the brightness value of an obtained ultrasonic image, and
three-dimensional display of the cavity portion is performed.
As a result, the shape of the cavity portion can be easily
understood and the accuracy of calculating the volume of the
cavity portion can be increased.

While the preferred embodiment of the present invention
has been described using specific terms, such description is
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for illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the appended claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus for transmitting and
receiving an ultrasonic wave with regard to a living body
and providing a three-dimensional image of an organ based
on the received ultrasonic wave, comprising:

a means for inverting a brightness value of each voxel
regarding three-dimensional data obtained from
received ultrasonic signal so as to display a cavity
portion of the organ, and a three-dimensional image of
the cavity portion of the organ is provided based on the
inverted data;

a means for binarizing the brightness value before or after
inversion of the brightness value of each voxel,

a means for setting a region of interest outside a target
portion so as to surround the target, portion; and

a means for three-dimensionally displaying inverted and
binarized voxels present within the set region of inter-
est.

2. An ultrasonic diagnostic apparatus according to claim

1, comprising:

a means for calculating and providing a volume of the
cavity portion of the organ based on the three-dimen-
sional image of the cavity portion.

3. An ultrasonic diagnostic apparatus according to claim

2, comprising:

a means for calculating and providing data for supporting
diagnosis based on a result of the calculation of the
volume of the cavity portion.

4. An ultrasonic diagnostic apparatus according to claim

1, wherein the organ to be observed is a heart.

5. An ultrasonic diagnostic apparatus according to claim
4, wherein

the cavity portion to be observed is the left ventricle.
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