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(54) Ultrasonic image apparatus for separating object

(57)  An ultrasonic image apparatus is provided in
which a diagnostic object is separated from the back-
ground to show the separated object in a three dimen-
sional image. Here, a contour of a target object is
automatically separated and extracted and the
extracted information is used to visualize the object in
three dimension. Thus, the object can be visualized in
three dimension based on the extracted information, to
thereby observe the shape of the object without having
a physical treatment such as a surgical operation. It is

also possible to display the shape of the two dimen-
sional cross-section on a monitor in the case that the
object is cut at a certain angle without running a surgical
operation. Also, since the shape information of the three
dimensional object can be obtained additionally, the vol-
ume of the apparatus necessary for diagnosis can be
obtained without making a particular additional calcula-
tion.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a three-
dimensional ultrasonic image system, and more partic-
ularly, to an ultrasonic image apparatus, in which a con-
tour of a diagnostic object is automatically extracted,
and the extracted contour is manually fine-tuned, to
thereby visualize the pattern of the extracted contour.

2. Description of the Related Art

[0002] In general, an ultrasonic testing apparatus
emits an ultrasonic signal to an object to be tested, and
receives a returning ultrasonic signal reflected from a
discontinuous plane of the object accordingly. Then, the
received ultrasonic signal is converted into an electrical
signal, which is output to a predetermined image appa-
ratus, to thereby test the internal status of the object.
The ultrasonic testing apparatus is widely used in med-
ical diagnosis, non-destructive testing, underwater
detection, and so on.

[0003] There are two existing methods for measur-
ing the volume of a target object by use of an ultrasonic
image.

[0004] In the case of the first method, a contour of a

target object is traced in all transverse sections, and
then each area of the transverse sections is calculated.
Considering the thickness, the volume is calculated.
[0005] FIG. 1 shows an example of calculating the
volume at the continuous transverse sections.
[0006] In FIG. 1, the volume of the prostate of a
man is obtained. First, based on the ultrasonic fault
images photographed at interval of 0.5cm, the prostate
area of all cross-sections described at the transverse
sections of the prostate is measured. Then, the volume
of the prostate is obtained by multiplying the prostate
area by the thickness of 0.5cm. This method can be rep-
resented by the following equation (1).
V=0.5x(S1+S2+ ¢« + + +55) @)
[0007] Here, V denotes the volume of the prostate,
and S denotes the surface area of the prostate at each
transverse section. The surface area is calculated in a
manner that an observer draws a contour line of the
prostate manually by using a mouse on a screen where
an ultrasonic image is displayed, and calculates an area
based on the drawn contour line.
[0008] In the case of the second method, a contour
is traced only with respect to the maximum transverse
section and an area is calculated, in order to measure
the volume of a particular internal organ of a human
body by using an ultrasonic image. Then, the shape of
the internal organ is assumed an ellipse, and thereafter
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the volume in the case that the maximum transverse
section is rotated with respect to the long axis is calcu-
lated according to a defined formula. This method is
called a one-section rotation elliptical approximation
method. When an area at the maximum transverse sec-
tionis S, and the long axis is X, the volume V of the rota-
tional elliptical body is obtained by rotating the ellipse of
the area S around the long axis X which is set the rota-
tional axis. The calculation formula is represented as
the following equation (2).

8s?
V=i (2)
[0009] In the first method, a very accurate volume
can be obtained. However, since the contour should be
traced manually with respect to all the transverse sec-
tions, much time is required. Also, in the second
method, since only one-time manual trace is performed
in order to calculate the volume by the determined for-
mula, quick processing is possible but its accuracy is
very low. Also, both the two methods do not separate a
target object from the background and do not visualize
the separated object. Thus, an observer cannot view a
three dimensional shape of the target object and a two
dimensional shape of the cross-section assuming that
the object has been cut at a certain angle.

SUMMARY OF THE INVENTION

[0010] To solve the above problems, it is an object
of the present invention to provide an ultrasonic image
apparatus for quickly separating a target object from the
background, and visualizing the separated object in a
three dimensional image, by use of volume data
obtained from a two dimensional ultrasonic image.
[0011] To accomplish the above object of the
present invention, there is provided an ultrasonic image
apparatus for quickly separating a target object from the
background, and visualizing the separated object in a
three dimensional image, the ultrasonic image appara-
tus comprising: a volume data acquisition unit for com-
bining two dimensional ultrasonic images input from the
object and producing volume data; a reference point
and rotational axis setting unit for setting a rotational
axis for rotating the volume data and setting points
where the rotational axis and the object intersect as a
reference point; a data rotating unit for rotating the vol-
ume data by a predetermined angle around the rota-
tional axis; a contour extraction unit for extracting a
contour line with respect to the two dimensional ultra-
sonic image at a respective angle obtained by rotating
the volume data and setting a vertex on the contour line,
to thereby extract a contour; and a three dimensional
image production unit for forming a wire frame from the
set vertices and producing a three dimensional image.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above object and other advantages of
the present invention will become more apparent by
describing the preferred embodiment thereof in more
detail with reference to the accompanying drawings in
which:

FIG. 1 shows an example of calculating the volume
at the continuous transverse sections using a con-
ventional ultrasonic image;

FIG. 2 is a block diagram showing an ultrasonic
image apparatus separating a target object from
the background, and visualizing the separated
object in a three dimensional image, according to
an embodiment of the present invention;

FIG. 3 shows a rotational axis and reference point
setting status for separating an object from the
background;

FIG. 4A shows an example of an observatory win-
dow for automatic contour extraction;

FIG. 4B shows a binarized image for automatic con-
tour extraction;

FIG. 4C shows a binarized image from which a
small area is removed for automatic contour extrac-
tion;

FIG. 4D shows a post-processed resultant image
for automatic contour extraction;

FIG. 5 shows a contour extracted with respect to a
certain plane and the vertices in the extracted con-
tour;

FIG. 6 shows a wire frame for graphic processing
using the vertices; and

FIG. 7 shows a combined three-dimensional image.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0013] A preferred embodiment of the present
invention will be described with reference to the accom-
panying drawings.

[0014] Referring to FIG. 2, an ultrasonic image
apparatus according to an embodiment of the present
invention includes a volume data acquisition unit 21 for
combining two dimensional ultrasonic images and
obtaining volume data. A reference point and rotational
axis setting unit 22 sets the rotational axis of the volume
data and sets two points where the rotational axis and
the object intersect as a reference point. A data rotating
unit 23 rotates the volume data by a predetermined
angle around the rotational axis under a rotational angle
controller 24. Also, the FIG. 2 apparatus includes a con-
tour extraction unit 30 for extracting a contour with
respect to the plane at the rotated angle and defining
vertices which are used for graphic processing on the
extracted contour. The contour extraction unit 30
includes an automatic contour extractor 31, a vertex
definer 32 and a vertex position fine tuner 33. A three
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dimensional image production unit 24 forms a wire
frame from the vertices defined in the contour extraction
unit 30 and produces a three dimensional image of the
object using a computer graphic technique.

[0015] The ultrasonic image apparatus for separat-
ing an object having the above configuration will be
described in detail with reference to FIGs. 3 through 7.

[0016] The volume data acquisition unit 21 receives
two dimensional ultrasonic images through an ultra-
sonic continuous scanning and produces volume data.
That is, the ultrasonic images are collected to form a
single volume. The reference point and rotational axis
setting unit 22 sets the rotational axis for rotating the
volume data produced in the volume data acquisition
unit 21 by 360° and sets two points where the rotational
axis and the contour of the object intersect, as a refer-
ence point.

[0017] The process is shown in FIG. 3. That s, FIG.
3 shows a rotational axis and reference point setting
status for separating an object from the background, in
which the vertical line is the rotational axis and two tri-
angles denote reference points.

[0018] The rotational angle controller 24 in FIG. 2
outputs a control signal for rotating the volume data by
a predetermined angle to the data rotating unit 23.
Accordingly, the data rotating unit 23 rotates the volume
data by the predetermined angle and produces a two
dimensional ultrasonic image at a respective angle. The
automatic contour extractor 31 in the contour extraction
unit 30 binarizes the image with respect to the two
dimensional ultrasonic image plane at a respective
angle and divides the area. Then, the small areas are
removed and thereafter a contour line of a single area is
extracted.

[0019] The automatic contour extraction process in
the automatic contour extractor 31 will be described in
detail with reference to FIGs. 4A through 4D.

[0020] First, the automatic contour extractor 31 sets
an observatory window showing the approximate posi-
tion and size of the two dimensional ultrasonic image
input from the data rotating unit 23 (see FIG. 4A). It is
assumed that the volume data of the object corre-
sponds to the first frame which has not been rotated,
and the object from which the contour is extracted exists
at a respective angle when the volume data is rotated
around the rotational axis. Also, a rectangular for esti-
mating the lengths of the top and bottom and the left
and right of the object based on the reference point is
defined as an observatory window, to thereby represent
the size of the object. Then, the size of the observatory
window is adjusted at a small clearance in contour infor-
mation of the object obtained at a preceding frame, with
respect to the second frame obtained by rotating the
volume data by a predetermined angle. This process is
repeated until the volume data is completely rotated by
360° . As shown in FIG. 4A, the observatory window is
larger than the size of an actual object to a certain
degree and includes the object.
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[0021] Then, binarization for separating the object
from the background is adaptively performed. That is,
since the above-described observatory window is the
approximate size of the object, binarization is not
applied to the whole image input but applied within the
observatory window. FIG. 4B shows a binarized image.
[0022] The binarized image has a number of noise
components. Thus, a morphological filter is applied in
order to remove the noise components.

[0023] In the case of the binary image to which the
morphological filter is applied, the noise components
have been removed but small areas still exist. Thus, the
small areas should be removed in order to extract an
accurate object. According to a method for removing the
small areas, the size of each area is investigated in the
binary image and then the area is classified into an
object area or a background area according to a prede-
termined reference. For example, in FIG. 4b, an area
which has been classified into the object area and
whose size is smaller than the reference is converted
into a background area and in the reverse case, the
background area is converted into the object area, to
thereby remove the small areas. FIG. 4C shows a bina-
rized image from which the small areas have been
removed.

[0024] The binary image from which the small
areas have been removed includes several large areas.
A morphological filter is applied to the binary image
from which the small areas have been removed, in order
to simplify the image. That is, only an area whose size is
largest among the areas corresponding to the object is
extracted. FIG. 4D shows an image resulting from post-
processing, in which a boundary of the finally extracted
area is determined as a contour of the object. Here, a
number of sudden changes exist in the boundary of the
area. Since the sudden changes cannot exist in the real
natural system, a smoothing filter is applied along the
boundary of the extracted area, to remove the sudden
changes.

[0025] The automatic contour extractor 31 extracts
the contour of the object which is the two dimensional
ultrasonic image. Then, the vertex definer 32 selects the
vertices at a predetermined interval on the contour line
of the object, FIG. 5 shows a contour which is automat-
ically extracted with respect to a certain plane and the
vertices in the extracted contour. The automatically
extracted contours and vertices of the object may not be
completely consistent with the contour of the original
object. Thus, the vertex position fine tuner 33 manually
fine-tunes the positions of the automatically extracted
vertices in order to have them consistent with the con-
tour of the original object. The three dimensional image
production unit 25 uses the extracted vertices and forms
a three dimensional frame (see FIG. 6). A shading or
quality mapping of the computer graphic is applied to
the frame, to thereby produce the three dimensional
image, which is shown in FIG. 7.

[0026] As described above, the present invention
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defines the rotational axis, rotates the three dimensional
volume data around the rotational axis, acquires the
contour of the target object, and separates the object
from the background. Here, in a method for obtaining a
contour, a contour is automatically extracted and the
extracted contour is manually fine-tunes, to thereby
obtain final contour information. Therefore, it is possible
to apply a method which requires much execution time
but adjusts only positions of the vertices of the predeter-
mined figure manually and forms the contour of the
object, without having an automatic contour extraction,
to thereby synthesize the three dimensional image with
only the contour information.

[0027] As described above, the ultrasonic image
apparatus according to the present invention automati-
cally extracts the contour of the target object, fine-tunes
the extracted contour, and quickly and accurately sepa-
rates the object from the object, to thereby extract the
object. The object is visualized in three dimensional pat-
tern based on the extracted information, to thereby view
the shape of the object without having a physical treat-
ment such as a surgery operation. It is also possible to
display the shape of the two dimensional cross-section
in the case that the object has been cut at a certain
angle. Since the present invention has the shape infor-
mation of the three dimensional object additionally, the
volume of the apparatus necessary for diagnosis can be
obtained without making a particular additional calcula-
tion.

Claims

1. An ultrasonic image apparatus for quickly separat-
ing a target object from the background, and visual-
izing the separated object in a three dimensional
image, the ultrasonic image apparatus comprising:

a volume data acquisition unit for combining
two dimensional ultrasonic images input from
the object and producing volume data;

a reference point and rotational axis setting unit
for setting a rotational axis for rotating the vol-
ume data and setting points where the rota-
tional axis and the object intersect as a
reference point;

a data rotating unit for rotating the volume data
by a predetermined angle around the rotational
axis;

a contour extraction unit for extracting a con-
tour line with respect to the two dimensional
ultrasonic image at a respective angle obtained
by rotating the volume data and setting a vertex
on the contour line, to thereby extract a con-
tour; and

a three dimensional image production unit for
forming a wire frame from the set vertices and
producing a three dimensional image.
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2. The ultrasonic image apparatus of claim 1, wherein
said contour extraction unit comprises:

an automatic contour extractor for binarizing

the two dimensional ultrasonic image at the 5
respective angles, classifying the binarized
result into the areas, selecting only one area
among the classified areas, and extracting the
contour line of the area;

a vertex definer for selecting the vertices ata 10
predetermined interval on the extracted con-
tour line; and

a fine tuner for fine tuning the extracted contour

line so that the positions of the defined vertices

are consistent with the contour of the original 15
object.

3. The ultrasonic image apparatus of claim 2, wherein
said automatic contour extractor selects the largest
area among the classified areas. 20

4. The ultrasonic image apparatus of claim 2, wherein
said automatic contour extractor performs a mor-
phological filtering in order to remove the noise
components included in the binarized image. 25

5. The ultrasonic image apparatus of claim 1, wherein
said data rotating unit further comprises a rotational
angle controller for outputting a rotational angle for
rotating the volume data by a predetermined angle. 30

6. The ultrasonic image apparatus of claim 1, wherein
said three dimensional image production unit pro-
duces a three dimensional image by applying a
shading of the computer graphic to the wire frame. 35

7. The ultrasonic image apparatus of claim 1, wherein
said three dimensional image production unit pro-
duces a three dimensional image by applying a

quality mapping of the computer graphic to the wire 40
frame.
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FIG. 4B
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FIG. 4C
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