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(7) ABSTRACT

Embodiments of the present invention may provide an
apparatus and a method for displaying a 3-dimensional
ultrasound image formed based on 2-dimensional ultrasound
images. The method for displaying an ultrasound image,
comprises: a) forming and storing a plurality of sequential
2-dimensional ultrasound images based on ultrasound echo
signals reflected from a target object, each of said sequential
2-dimensional ultrasound images being assigned a serial
number; b) selecting N numbers of 2-dimensional ultra-
sound images having consecutive serial numbers; ¢) super-
posing the N number of 2-dimensional ultrasound images to
form a 3-dimensional ultrasound image; d) forming a flow
direction marker indicating a first 2-dimensional ultrasound
image from the N numbers of 2-dimensional ultrasound
images; ¢) displaying the 3-dimensional ultrasound image
together with the flow direction marker on a screen; f)
removing the first 2-dimensional ultrasound image from the
N numbers of 2-dimensional ultrasound images; g) selecting
a (N+1)™ 2-dimensional ultrasound image and superposing
the selected 2-dimensional ultrasound image to the super-
posed 2-dimensional ultrasound images; and h) repeating the
steps ¢) to h) as many as a predetermined number.
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APPARATUS AND METHOD FOR DISPLAYING AN
ULTRASOUND IMAGE

[0001] The present application claims priority from
Korean Patent Application 10-2005-0117909 filed on Dec.
6, 2005, the entire subject matter of which is incorporated
herein by reference.

BACKGROUND
[0002]

[0003] The present invention generally relates to ultra-
sound image processing, and more particularly to an appa-
ratus and method for displaying a 3-dimensional ultrasound
image formed based on 2-dimensional ultrasound images.

[0004]

[0005] An ultrasound diagnostic system has become an
important and popular diagnostic tool since it has a wide
range of applications. Specifically, due to its non-invasive
and non-destructive nature, the ultrasound diagnostic system
has been extensively used in the medical profession. Modern
high-performance ultrasound diagnostic systems and tech-
niques are commonly used to produce two or three-dimen-
sional diagnostic images of internal features of an object
(e.g., human organs).

[0006] The ultrasound diagnostic system generally uses a
wide bandwidth transducer to transmit and receive ultra-
sound signals. The ultrasound diagnostic system forms
images of human internal tissues by electrically exciting an
acoustic transducer element or an array of acoustic trans-
ducer elements to generate ultrasound signals that travel into
the body. The ultrasound signals produce ultrasound echo
signals since they are reflected from body tissues, which
appear as discontinuities to the propagating ultrasound sig-
nals. Various ultrasound echo signals return to the transducer
element and are converted into electrical signals, which are
amplified and processed to produce ultrasound data for an
image of the tissues. The ultrasound diagnostic system is
very important in the medical field since it provides physi-
cians with real-time and high-resolution images of human
internal features without the need for invasive observation
techniques such as surgery.

[0007] Generally, the wultrasound diagnostic system
obtains raw 3D data (e.g., data on a coordinate system (X, V,
7)) through a 3D probe regardless of acquisition time by
stacking frames over one another at a uniform time interval
to form consecutive frames. It then processes the consecu-
tive frames using a 3D rendering technique, thereby pro-
ducing 3D static images. By using the static 3D images for
ultrasound diagnostic purposes, one may easily and accu-
rately observe, diagnose and treat the internal state of a
human body without performing any complicated proce-
dures associated with invasive operations. Thus, the static
3D images are widely used. However, the static 3D images
are not useful in observing a moving target object in real
time, such as a fetus in the uterus.

[0008] In order to overcome this shortcoming, a live 3D
imaging method and apparatus for providing a live 3D
moving image (rather than static 3D images) have been
developed. However, a 3-dimensional probe for forming a
live 3D ultrasound image is disadvantageous since it is very
complex and expensive.

1. Field

2. Background
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[0009] Accordingly, it is highly desirable to form a 3-di-
mensional ultrasound image without using the 3-dimen-
sional probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Arrangements and embodiments may be described
in detail with reference to the following drawings in which
like reference numerals refer to like elements and wherein:

[0011] FIG. 11is a schematic block diagram illustrating an
ultrasound diagnostic device constructed in accordance with
one embodiment of the present invention;

[0012] FIG. 2 is a flowchart illustrating a method for
displaying an ultrasound image in accordance with one
embodiment of the present invention,

[0013] FIG. 3 is a schematic diagram illustrating a plural-
ity of 2-dimensional ultrasound images;

[0014] FIG. 4 is a schematic diagram illustrating a prede-
termined number of 2-dimensional ultrasound images to
form a 3-dimensional ultrasound image;

[0015] FIG. 5 is a schematic diagram illustrating a 3-di-
mensional ultrasound image formed by superposing the
predetermined number of 2-dimensional ultrasound images
in accordance with one embodiment of the present inven-
tion;

[0016] FIG. 6 is a schematic diagram illustrating super-
posed 2-dimensional ultrasound images;

[0017] FIG. 7 is a schematic diagram illustrating an
example of setting a flow direction marker and a selection
marker on a 3-dimensional ultrasound image in accordance
with one embodiment of the present invention;

[0018] FIG. 8 is a schematic diagram illustrating an
example of displaying a 3-dimensional ultrasound image
and a 2-dimensional ultrasound image selected by a selec-
tion marker;

[0019] FIG. 9 is a schematic diagram illustrating an
example of indicating a rotation axis and a time guide line
on a 3-dimensional ultrasound image;

[0020] FIG. 10 is a schematic diagram illustrating
examples of various cutting markers set on a 3-dimensional
ultrasound image;

[0021] FIG. 11 is a schematic diagram illustrating an
example of a cutting marker set on a 3-dimensional ultra-
sound image; and

[0022] FIG. 12 is a schematic diagram illustrating a cross-
sectional plane formed along a cutting marker.

DETAILED DESCRIPTION

[0023] A detailed description may be provided with ref-
erence to the accompanying drawings. One of ordinary skill
in the art may realize that the following description is
illustrative only and is not in any way limiting. Other
embodiments of the present invention may readily suggest
themselves to such skilled persons having the benefit of this
disclosure.

[0024] FIG. 1 is a block diagram showing an ultrasound
diagnostic device constructed in accordance with the present
invention. As shown in FIG. 1, the ultrasound diagnostic
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device 100 includes a probe 110, a 2-dimensional ultrasound
image forming unit 120, a 3-dimensional ultrasound image
forming unit 130, a display unit 140 and a marker setting
unit 150. The probe 110 transmits ultrasound signals to a
target object and receives ultrasound echo signals. The probe
110 may be any probe capable of acquiring a 2-dimensional
ultrasound image.

[0025] The 2-dimensional ultrasound image forming unit
120 forms a plurality of 2-dimensional ultrasound images
having serial numbers based on the ultrasound echo signals.
The 2-dimensional ultrasound images may be one of
B-mode images, Doppler images and color-mode images.
The serial number may be set in an order of acquisition time
of the 2-dimensional ultrasound images.

[0026] The 3-dimensional ultrasound image forming uvnit
130 forms a 3-dimensional ultrasound image based on the
plurality of 2-dimensional ultrasound images. The 3-dimen-
sional ultrasound image forming unit 130 selects a prede-
termined number of 2-dimensional ultrasound images and
individually renders the selected 2-dimensional ultrasound
images. The rendered 2-dimensional ultrasound images are
sequentially buffered and then superposed, thereby forming
the 3-dimensional ultrasound image.

[0027] The 3-dimensional ultrasound image forming unit
130 may provide a transparent 3-dimensional ultrasound
image obtained by an appropriate transparency treatment for
showing a volume of interest (VOI) in the 3-dimensional
ultrasound image. The 3-dimensional ultrasound image or
the transparent 3-dimensional ultrasound image formed in
the 3-dimensional ultrasound image forming unit 130 is
transmitted to the display unit and then displayed on a screen
of the display unit 140.

[0028] The marker setting unit 150 sets a plurality of
markers on the 3-dimensional ultrasound image displayed
on the screen of the display unit 140. The markers may
represent a rotation axis of the 3-dimensional ultrasound
image, a direction along which the 2-dimensional ultrasound
images are superposed, and the like. The markers may be set
by using control keys provided on a control panel (not
shown) of the ultrasound diagnostic device.

[0029] Hereinafter, a method for displaying an ultrasound
image will be described in detail with reference to FIGS. 2
10 6. FIG. 2 is a flowchart illustrating a method for display-
ing the ultrasound image in accordance with an embodiment
of the present invention.

[0030] Referring to FIG. 2, the 2-dimensional ultrasound
image forming unit 120 forms a plurality of 2-dimensional
ultrasound images in real time based on the ultrasound echo
signals, which are reflected from a predetermined region of
a target object as shown in FIG. 3 at step S210. Serial
numbers P1, P2, .. .. may be assigned to each 2-dimensional
ultrasound image. The serial numbers assigned to the 2-di-
mensional ultrasound images may be set in an order of
acquisition time of the 2-dimensional ultrasound images.
The 3-dimensional ultrasound image forming unit 130
selects a predetermined number of 2-dimensional ultrasound
images having consecutive serial numbers among the plu-
rality of 2-dimensional ultrasound images at step S220.

[0031] The selected 2-dimensional ultrasound images are
individually rendered at step S230. Then, the rendered
2-dimensional ultrasound images are stored at step S240.
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Thereafter, the stored 2-dimensional ultrasound images are
superposed to thereby form and display a 3-dimensional
ultrasound image. The 3-dimensional ultrasound image may
be displayed together with a flow direction marker indicat-
ing a position of a preset 2-dimensional ultrasound image at
step S250. FIG. 5 schematically shows a 3-dimensional
ultrasound image displayed on a screen. The flow direction
marker 510 may be set to indicate a 2-dimensional ultra-
sound image having a foremost serial number.

[0032] Subsequently, a 2-dimensional ultrasound image
having a foremost serial number is removed from the stored
2-dimensional ultrasound images at step S260. Then, a
2-dimensional ultrasound image having a serial number
adjacent to the last serial number of the stored 2-dimensional
ultrasound images is selected at step S270. The 2-dimen-
sional ultrasound image selected at step S270 is rendered
and stored at step S280.

[0033] FIG. 6 is a schematic diagram showing the super-
posed 2-dimensional ultrasound images. The 2-dimensional
ultrasound image having the foremost serial number Pi is
removed and the 2-dimensional ultrasound image having a
serial number P, ,; adjacent to the last serial number of the
stored 2-dimensional ultrasound images is superposed. Steps
S240 to S280 are repeatedly performed for the plurality of
2-dimensional ultrasound images formed in the 2-dimen-
sional ultrasound image forming unit, thereby forming and
displaying 3-dimensional ultrasound sound images in real
time.

[0034] Various types of markers may be set together with
the flow direction marker on the 3-dimensional ultrasound
image displayed on a screen of the display unit 140. The
markers may be used to indicate a viewing angle of the
3-dimensional ultrasound image, a position for selecting an
arbitrary frame from the frames consisting of the 3-dimen-
sional ultrasound image and a cross-sectional view of the
3-dimensional ultrasound image.

[0035] An inverse mode may be applied to the 3-dimen-
sional ultrasound image formed according to the embodi-
ment of the present invention to make the walls of blood
vessels or a heart invisible in the 3-dimensional ultrasound
image. This is so that a change in the amount of blood in the
blood vessel or the heart according to a time change can be
easily observed.

[0036] FIG. 7 is a schematic diagram illustrating an
example of setting a flow direction marker 710 and a
selection marker 720 on the 3-dimensional ultrasound image
in accordance with the embodiment of the present invention.
As shown in FIG. 7, the flow direction marker 710 indicating
a 2-dimensional ultrasound image having a foremost serial
number and the selection marker 720 indicating an arbitrary
2-dimensional ultrasound image are set on the 3-dimen-
sional ultrasound image. A direction, along which the 2-di-
mensional ultrasound images are superposed, may be iden-
tified through the flow direction marker 710. If the
2-dimensional ultrasound image having the foremost serial
number is removed from the 3-dimensional ultrasound
image, then the flow direction marker 710 automatically
indicates a 2-dimensional ultrasound image having a next
serial number.

[0037] The selection marker 720 may be replaced with the
flow direction marker 710. For example, if a user inputs a
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setup instruction of the selection marker, then the marker
setting unit 150 sets the flow direction marker 710 displayed
on the 3-dimensional ultrasound image as a selection marker
720. If the user inputs a moving instruction of the selection
marker 720, then the marker setting unit 150 moves the
position of the selection marker 720 on the 3-dimensional
ultrasound image in response to the moving instruction.
Further, the screen of the display unit 140 is divided into a
first region 810 and a second region 820, as shown in FIG.
8. The 3-dimensional ultrasound image is displayed on the
first region 810 and a 2-dimensional ultrasound image
position at the moved selection marker 720 is displayed on
the second region 820. Further, an image direction marker
730 indicating a direction of a target object in the 3-dimen-
sional ultrasound image may be displayed.

[0038] FIG. 9 is a schematic diagram illustrating an
example of setting a rotation marker on the 3-dimensional
ultrasound image in accordance with the embodiment of the
present invention. A time axis may be used as a rotation
marker T. The rotation axis T is used to rotate the 3-dimen-
sional ultrasound image, thereby displaying the 3-dimen-
sional ultrasound image in various directions. Also. if the
rotation axis corresponds to the time axis, then a time guide
line indication for a moving period of the target object such
as a heart may be provided on the screen. It is preferable that
the time guide line is displayed in parallel with an array
direction of the 2-dimensional ultrasound images.

[0039] FIG. 10 is a schematic diagram showing an
example of setting various cutting markers for showing
cross-sectional views of the 3-dimensional ultrasound
image. If the user inputs a cutting marker setting instruction,
the marker setting unit 160 sets the cutting marker on the
2-dimensional ultrasound image displayed on the second
region 820 so that the 2-dimensional ultrasound image is
divided into at least two regions. Thereafter, if the user
selects one of the regions by using an indicator (not shown),
a cross-sectional plane image corresponding to the selected
region is displayed on the screen. As shown in FIG. 10, the
cutting marker may include a line cutting marker 1010, a
cure cutting marker 1020, a free line cutting marker 1030
and the like.

[0040] FIG. 11 shows an example of indicating a line
cutting marker 1110 on the 3-dimensional ultrasound image.
FIG. 12 shows a cross-sectional plane obtained by cutting
the 3-dimensional ultrasound image along the line cutting
marker 1110.

[0041] As mentioned above, the 3-dimensional ultrasound
image is formed by superposing the 2-dimensional ultra-
sound images in accordance with one embodiment of the
present invention. This is so that the 3-dimensional ultra-
sound image can be provided without using an expensive
3-dimensional probe. Also, as the 3-dimensional ultrasound
image is formed by individually rendering the 2-dimensional
ultrasound images, a time for forming the 3-dimensional
ultrasound image can be reduced, thereby providing the
3-dimensional ultrasound image in real time.

[0042] A method for displaying an ultrasound image,
comprises: a) forming and storing a plurality of sequential
2-dimensional ultrasound images based on ultrasound echo
signals reflected from a target object, each of said sequential
2-dimensional ultrasound images being assigned a serial
number; b) selecting N numbers of 2-dimensional ultra-
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sound images having consecutive serial numbers; c) super-
posing the N number of 2-dimensional ultrasound images to
form a 3-dimensional ultrasound image; d) forming a flow
direction marker indicating a first 2-dimensional ultrasound
image from the N numbers of 2-dimensional ultrasound
images; e) displaying the 3-dimensional ultrasound image
together with the flow direction marker on a screen; f)
removing the first 2-dimensional ultrasound image from the
N numbers of 2-dimensional ultrasound images; g) selecting
a (N+1)™ 2-dimensional ultrasound image and superposing
the selected 2-dimensional ultrasound image to the super-
posed 2-dimensional ultrasound images; and h) repeating the
steps ¢) to h) as many as a predetermined number.

[0043] An apparatus of displaying an ultrasound image,
comprises: a probe for transmitting ultrasound signals into a
target object and receiving ultrasound echo signals; a 2-di-
mensional ultrasound image forming unit for forming a
plurality of 2-dimensional ultrasound image based on the
ultrasound image signals, each of the plurality of 2-dimen-
sional ultrasound images being assigned a serial number; a
3-dimensional ultrasound image forming unit for selecting
consecutive N numbers of 2-dimensional ultrasound images
and superposing the N numbers of 2-dimensional ultrasound
images, thereby forming a 3-dimensional ultrasound image;
a marker setting unit for setting at least one marker on the
3-dimensional ultrasound image; and a displaying unit for
displaying the 3-dimensional ultrasound image and the
marker.

[0044] Any reference in this specification to “one embodi-
ment,”“an  embodiment,”“example embodiment,” etc.,
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in
at least one embodiment of the invention. The appearances
of such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure or characteristic is
described in connection with any embodiment, it is submit-
ted that it is within the purview of one skilled in the art to
effect such feature, structure or characteristic in connection
with other ones of the embodiments.

[0045] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A method for displaying an ultrasound image, com-
prising:

a) forming and storing a plurality of sequential 2-dimen-
sional ultrasound images based on ultrasound echo
signals reflected from a target object, each of said
sequential 2-dimensional ultrasound images being
assigned a serial number;,
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b) selecting N numbers of 2-dimensional ultrasound
images having consecutive serial numbers;

¢) superposing the N number of 2-dimensional ultrasound
images to form a 3-dimensional ultrasound image;

d) forming a flow direction marker indicating a first
2-dimensional ultrasound image from the N numbers of
2-dimensional ultrasound images;

e) displaying the 3-dimensional ultrasound image
together with the flow direction marker on a screen;

f) removing the first 2-dimensional ultrasound image from
the N numbers of 2-dimensional ultrasound images;

g) selecting a (N+1)™ 2-dimensional ultrasound image
and superposing the selected 2-dimensional ultrasound
image to the superposed 2-dimensional ultrasound
images; and

h) repeating the steps c) to h) as many as a predetermined

number.

2. The method of claim 1, wherein the step ¢) includes
individually rendering the selected 2-dimensional ultra-
sound images.

3. The method of claim 2, wherein the 2-dimensional
ultrasound image selected at step g) is rendered and then
superposed.

4. The method of claim 1. after forming the flow direction
marker at step d), further comprising.

d11) receiving a moving instruction from a user;

d12) moving the flow direction marker in response to the
moving instruction; and

d13) displaying the 3-dimensional ultrasound image on a
first region of the screen and a 2-dimensional ultra-
sound image positioned at the moved flow direction
marker on a second region of the screen.

5. The method of claim 1, wherein the serial numbers are
determined in an order of acquisition time of the 2-dimen-
sional ultrasound images.

6. The method of claim 5, wherein the flow direction
marker is set to indicate a first 2-dimensional ultrasound
image among the superposed 2-dimensional ultrasound
mages.

7. The method of claim 6, wherein a time guide line
parallel to a superposing direction of the 2-dimensional
ultrasound images is displayed together with the 3-dimen-
sional ultrasound image.

8. The method of claim 1, wherein the 3-dimensional
ultrasound image is inversed and the inversed 3-dimensional
ultrasound image is displayed.
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9. The method of claim 1, after forming the 3-dimensional
ultrasound image at step d), further comprising:

d21) receiving a cutting marker setting instruction from a
user,

d22) setting at least one cutting marker on the 3-dimen-
sional ultrasound image, thereby dividing the 3-dimen-
sional ultrasound image into a plurality of regions:

d23) selecting one of regions; and

d24) displaying the selected region.
10. An apparatus of displaying an ultrasound image,
comprising:

a probe for transmitting ultrasound signals into a target
object and receiving ultrasound echo signals;

a 2-dimensional ultrasound image forming unit for form-
ing a plurality of 2-dimensional ultrasound image based
on the ultrasound image signals, each of the plurality of
2-dimensional ultrasound images being assigned a
serial number;

a 3-dimensional ultrasound image forming unit for select-
ing consecutive N numbers of 2-dimensional ultra-
sound images and superposing the N numbers of 2-di-
mensional ultrasound images, thereby forming a
3-dimensional ultrasound image;

a marker setting unit for setting at least one marker on the
3-dimensional ultrasound image; and

a displaying unit for displaying the 3-dimensional ultra-

sound image and the marker.

11. The apparatus of claim 10, wherein the 3-dimensional
ultrasound image forming unit removes a first 2-dimensional
ultrasound image from the N numbers of 2-dimensional
ultrasound images, selects a (N+1)™ 2-dimensional ultra-
sound image, and forms the 3-dimensional ultrasound image
by superposing the selected 2-dimensional ultrasound
images to the superposed 2-dimensional ultrasound images.

12. The apparatus of claim 11, wherein the selected
2-dimensional ultrasound images are individually rendered.

13. The apparatus of claim 11, wherein the serial numbers
are determined in an order of acquisition time of the 2-di-
mensional ultrasound images.

14. The apparatus of claim 13, wherein the marker
includes a flow direction marker indicating a first 2-dimen-
sional ultrasound image among the superposed 2-dimen-
sional ultrasound images and a cutting marker indicating a
cutting position on the 3-dimensional ultrasound image.
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