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Description

[0001] The present invention generally relates to an
ultrasound diagnostic system, and more particularly to
an apparatus and method for forming a 3-dimensional
ultrasound image by using 2-dimenstional ultrasound im-
ages acquired from a 1-dimensional or 2-dimensional
probe in the ultrasound diagnostic system.

[0002] An ultrasound diagnostic system has become
an important and popular diagnostic tool due to its 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 profes-
sion. Modem high-performance ultrasound diagnostic
systems and techniques are commonly used to produce
two or three-dimensional diagnostic images of internal
features of an object (e.g., organs of a human patient).
The ultrasound diagnostic system generally uses a wide
bandwidth transducer to transmit and receive ultrasound
signals. The ultrasound diagnostic system forms images
of the internal tissues of a human body by electrically
exciting an acoustic transducer element or an array of
acoustic transducer elements to generate ultrasound
pulses that travel into the body. The ultrasound pulses
produce ultrasound echoes since they are reflected from
body tissues, which appear as discontinuities to the prop-
agating ultrasound pulses. The various ultrasound ech-
oes return to the transducer and are converted into elec-
trical signals, which are amplified and processed to pro-
duce ultrasound data for an image of the tissues. This
ultrasound diagnostic system is of significantimportance
to the medical field since it provides physicians with real-
time high-resolution images of internal features of a hu-
man anatomy without the need for invasive observation
techniques such as surgery.

[0003] The above ultrasound diagnostic system in-
cludes a probe for reciprocally converting ultrasound sig-
nals and electrical signals to acquire the ultrasound im-
age ofthe tissue of the target object. Such probe includes:
a piezo-electric layer for reciprocally converting the elec-
tric signals and ultrasound signals; a matching layer for
maximally transmitting the ultrasound signals to a target
portion in a human body by reducing an impedance dif-
ference between the piezo-electric layer and the human
body; a lens for focusing the ultrasound signals to a spe-
cific point; and a sound absorbing layer for preventing
image distortion by shielding the ultrasound signals so
as not to be propagated backward to the piezo-electric
layer. Typically, most of the ultrasound probes used for
clinical purposes includes a plurality of transducers.
[0004] The probe may be classified according to vari-
ous conditions such as the number of transducers, array
of transducers, fields of application, etc. The probe may
be classified into a single-type probe or a plural-type
probe based on the number of transducers.

[0005] Further, the plural-type probe may be classified
into a 1-dimensional array probe (arrays the transducers
on a single axis) or a 2-dimensional array probe (arrays
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the transducers on a 2-dimensional grid). The 1-dimen-
sional array probe may be classified into a linear probe
or a curvilinear probe depending on the shape of array
axis.

[0006] Since the ultrasound signals are propagated to
the target object in a straight manner, only a 2-dimen-
sional slice image of the target object, which is positioned
in front of the transducers, can be acquired. Therefore,
an operator cannot often accurately examine the target
object by using the 2-dimensional array probe. Also, it is
impossible to stereoscopically form an entire shape of a
fetus or display a moving image of the fetus. Thus, a 3-
dimensional probe is used to form a 3-dimensionalimage
of the interior of the human body, specifically a live 3-
dimensional image.

[0007] However, since the 3-dimensional probe for
forming the live 3-dimensional ultrasound image is con-
figured with a plurality of transducers, such a probe is
disadvantageous since it is very complex and expensive.
[0008] Accordingly, it is highly desirable to form a 3-
dimensional ultrasound image without using the 3-di-
mensional probe.

[0009] The present invention seeks to provide an ul-
trasound diagnostic system for forming a 3-dimensional
ultrasound image by superposing a plurality of 2-dimen-
sional ultrasound images acquired through a 1-dimen-
sional or 2-dimensional probe.

[0010] In accordance with one aspect of the present
invention, there is provided a method of forming an ul-
trasound image in an ultrasound diagnostic system,
which includes the following steps: a) forming a plurality
of 2-dimensional ultrasound images based on ultrasound
echo signals reflected from a predetermined portion of a
target object; b) setting a region of interest (ROI) on each
2-dimensional image; c) extracting images existing within
the ROI from the 2-dimensional ultrasound images; and
d) sequentially superposing the extracted images to form
a 3-dimensional ultrasound image.

[0011] In accordance with another aspect of the
present invention, there is provided a method of forming
an ultrasound image, which includes the following steps:
a) acquiring a plurality of 2-dimensional ultrasound im-
ages based on ultrasound echo signals; and b) sequen-
tially superposing the 2-dimensional ultrasound images
to form a 3-dimensional ultrasound image.

[0012] In accordance with yet another aspect of the
present invention, there is provided an apparatus for
forming an ultrasound image in an ultrasound diagnostic
system, including: a first image forming unit for forming
a plurality of 2-dimensional ultrasound images based on
ultrasound echo signals reflected from a predetermined
portion of a target object; a ROI setting unit for setting a
region of interest (ROIl) on each 2-dimensional image;
an image extracting unit for extracting images within the
ROI of the 2-dimensional ultrasound images; and a sec-
ond image forming unit for sequentially superposing the
extracted images to form a 3-dimensional ultrasound im-
age.
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[0013] The above and other objects and features of
the present invention will become apparent from the fol-
lowing description of preferred embodiments given in
conjunction with the accompanying drawings, in which:

Fig. 1 is a block diagram showing an ultrasound di-
agnostic system constructed in accordance with the
present invention;

Fig. 2is aflowchart showing an operation ofanimage
processor constructed in accordance with the
present invention;

Figs. 3 and 4 are schematic diagrams showing a 3-
dimensional ultrasound image formed in real time in
accordance with a preferred embodiment of the
present invention; and

Fig. 5 is a schematic diagram showing a 3-dimen-
sional ultrasound image formed in real time in ac-
cordance with another preferred embodiment of the
present invention.

[0014] Fig. 1is ablock diagram showing an ultrasound
diagnostic system, which is constructed in accordance
with the present invention. The ultrasound diagnostic
system 100 of the present invention includes a probe
110, a beam former 120, an image processor 130, a
memory 140 and a display unit 150.

[0015] The probe 110 includes a 1-dimensional or 2-
dimensional array transducer 112. The transmit signals,
which are appropriately delayed to form a focused ultra-
sound beam in the beam former 120, are transmitted to
the array transducer 112. Then, the focused ultrasound
beam is transmitted along a scan line of a target object
(not shown). The probe 110 receives ultrasound echo
signals reflected from the target object and converts the
ultrasound echo signals into electrical signals (hereinaf-
ter referred to as receive signals). The receive signals
are transmitted into the beam former 120.

[0016] The beam former 120 controls the delay of
transmit signals to be transmitted to the array transducer
112 in the probe 110 such that the ultrasound signals
outputted from the array transducer 112 are focused on
a focal point. Further, the beam former 120 focuses the
receive signals, which are received at the array trans-
ducer 112 included in the probe 110, in consideration of
the delays with which the echo signals are arrived at each
transducer.

[0017] The image processor 130 forms a plurality of 2-
dimensional ultrasound images based on the receive sig-
nals outputted from the beam former 120 and sequen-
tially superposes a plurality of 2-dimensional ultrasound
images to form a 3-dimensional ultrasound image. The
3-dimensional ultrasound image formed in the image
processor 130 is displayed on the display unit 150.
[0018] Hereinafter, the operation of the image proces-
sor 130 will be described in detail with reference to Figs.
2 to 4. Fig. 2 is a flowchart that shows the operation of
the image processor 130, which is constructed in accord-
ance with the present invention. As shown in Fig. 2, if a
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3-dimensional mode for forming a live 3-dimensional ul-
trasound image (hereinafter referred to as "live 3-dimen-
sional mode") is selected by an operator at step S210,
then the image processor 130 forms a plurality of 2-di-
mensional ultrasound images based on the ultrasound
echo signals reflected from a predetermined portion of a
target object at step S220. Each 2-dimensional ultra-
sound image may have a serial number, which is as-
signed in the order of its acquisition time.

[0019] The image processor 130 searches a region
corresponding to a region of interest (ROI) from the 2-
dimensional ultrasound images at step S230. The ROI
may be manually set by the operator or may be automat-
ically set according to a preset program. The image proc-
essor 130 extracts 2-dimensional images existing within
the ROI from the 2-dimensional ultrasound images at
step S240. Then, the image processor 130 sequentially
superposes the extracted 2-dimensionalimages, thereby
forming a 3-dimensional ultrasound image at step S250.
[0020] Subsequently,theimage processor 130 checks
whether the number of superposed images exceeds a
predetermined number at step S260. If it is determined
that the number of superposed 2-dimensional images is
less than the predetermined number at step S260, then
the live 3-dimensional ultrasound image formed in the
image processor 130 is displayed on the display unit 150
at step S280.

[0021] Fig. 3 is a schematic diagram showing the live
3-dimensional ultrasound image formed in real time in
accordance with the present invention. In Fig. 3, symbols
U, to U, represent cardiac slice images. Especially, U,
and U,, represent cardiac slice images of systole, where-
as U, represents a cardiac slice image of diastole.
[0022] The image processor 130 forms 2-dimensional
ultrasound images, that is, cardiac slice images based
on the ultrasound echo signals reflected from the prede-
termined portion of the target object, and extracts an im-
age U, existing within the ROI from the 2-dimensional
ultrasound image. Subsequently, the image processor
130 once again forms a 2-dimensional ultrasound image
based on the ultrasound echo signals and then extracts
an image U, within the ROI from the formed 2-dimen-
sional ultrasound image. Thereafter, the extracted image
U, is superposed to the image U,, thereby forming the
3-dimensional ultrasound image. In such a case, since
the number of superposed images in the 3-dimensional
ultrasound image is less than the predetermined number
(n), the image processor 130 decides to form the super-
posed images displayed on the display unit 150.

[0023] Subsequently, the image processor 130 ex-
tracts an image U5 within the ROI from the 2-dimensional
ultrasound image and then sequentially superposes the
extracted image U; to the 3-dimensional ultrasound im-
age, which is formed by superposing the images U, and
U,. In such a case, since the number of superposed im-
agesis also less than nnumbers, the superposed images
are directly displayed on the display unit 150. The image
processor 130 repeatedly extracts and superposes im-
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ages until the number of superposed images is equal to
n. As such, a 3-dimensional ultrasound image, which is
formed by superposing images U, to U,, can be dis-
played on the display unit 150, as shown in Fig. 3.
[0024] Further, if it is determined that the number of
superposed images is greater than the predetermined
number n at step S 160, then the image processor 130
removes an image (first superposed among superposed
images) from the 3-dimensional ultrasound image at step
S270.

[0025] Hereinafter, a process of removing an image
from superposed images will be described in detail with
reference to Fig. 4. Fig. 4 is a schematic diagram showing
a live 3-dimensional ultrasound image, which is formed
in accordance with the present invention. In Fig. 4, sym-
bols U, to U,,.4 represent cardiac slice images. Especial-
ly, U; represents a cardiac slice image of diastole (shown
in Fig. 3), whereas U,, represents a cardiac slice image
of systole.

[0026] The image processor 130 extracts an image
U,+1 within the ROI from a 2-dimensional ultrasound im-
age, which is formed based on the ultrasound echo sig-
nals.

It then superposes the extracted image U, upon the
superposed images U, to U,,, as illustrated in Fig. 3. In
such a case, since the number of superposed images
exceeds the predetermined number n, the image U, (first
extracted among superposed images) is removed form
the superposed images. Therefore, the number of super-
posed images becomes n (U, to U,,,¢), as shown in Fig.
4. Subsequently, the image processor 130 allows the su-
perposed images U, to U,,4 to be displayed as a 3-di-
mensional ultrasound image on the display unit 150 at
step S280.

[0027] In the preferred embodiment of the present in-
vention, the 2-dimensional ultrasound images, which are
formed based on the ultrasound echo signals reflected
from the predetermined portion of the target object, are
superposed to form a 3-dimensional ultrasound image in
realtime. Also, the 2-dimensional ultrasound images may
be stored in the memory 140 before forming the 3-dimen-
sional ultrasound image in accordance with another em-
bodiment of the present invention. The image processor
130reads out the predetermined number of 2-dimension-
al ultrasound images and superposes them to form a 3-
dimensional ultrasound image.

[0028] A plurality of 2-dimensional ultrasound images
are acquired based on the ultrasound echo signals re-
flected from the predetermined portion of the target object
(e.g., human heart) without moving the probe in accord-
ance with the preferred embodiment of the present in-
vention. Also, the plurality of 2-dimensional ultrasound
images can be acquired based on the ultrasound echo
signals acquired by swinging the probe within a prede-
termined range in accordance with another embodiment
of the present invention. This is so that a 3-dimensional
ultrasound image can be formed, as shown in Fig. 5. The
2-dimensional ultrasound images may be displayed on
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the display unit 150 together with the 3-dimensional ul-
trasound image, which is formed in accordance with the
present invention.

[0029] As discussed above, the 3-dimensional ultra-
sound image can be formed with the 1-dimensional or 2-
dimensional probe in real time in accordance with the
present invention, which is highly cost effective com-
pared to using an expensive 3-dimensional probe.
[0030] While the presentinvention has been described
and illustrated with respect to a preferred embodiment
of the invention, it will be apparent to those skilled in the
art that variations and modifications are possible without
deviating from the broad principles and teachings of the
present invention, which should be limited solely by the
scope of the claims appended hereto.

Claims

1. A method of forming an ultrasound image in an ul-
trasound diagnostic system, comprising the steps of:

a) forming a plurality of 2-dimensional ultra-
sound images based on ultrasound echo signals
reflected from a predetermined portion of a tar-
get object;

b) setting a region of interest (ROI) on each 2-
dimensional image;

c) extracting images within the ROIs of the 2-
dimensional images; and

d) sequentially superposing the extracted imag-
es to form a 3-dimensional ultrasound image.

2. The method of Claim 1, wherein the step a) compris-
es:

a1) assigning a serial number to each 2-dimen-
sional ultrasound image according to an order
of acquisition time of each 2-dimensional ultra-
sound image.

3. The method of Claim 2, wherein the step a) compris-
es:

a2) storing the 2-dimensional ultrasound imag-
es.

4. The method of Claim 2, wherein the step d) compris-
es:

d1) determining whether a number of the se-
quentially superposed images is greater than a
predetermined number; and

d2) if it is determined that the number of the su-
perposed images is greater than the predeter-
mined number at the step d1), removing an im-
age having an earliest serial number among the
superposed images.
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5. A method of forming an ultrasound image, compris-
ing the steps of:

a) acquiring a plurality of 2-dimensional ultra-
sound images based on ultrasound echo sig- %
nals; and
b) superposing the 2-dimensional ultrasound
images sequentially to form a 3-dimensional ul-
trasound image.
10
6. The method of Claim 5, wherein the step a) compris-
es:

a1) assigning a serial number to each 2-dimen-
sional ultrasound image according to an order 15
of acquisition time of each 2-dimensional ultra-
sound image.

7. The method of Claim 6, wherein the step a) compris-
es: 20

a2) storing the 2-dimensional ultrasound imag-
es.

8. The method of Claim 6, wherein the step b) compris- 25
es:

d1) determining whether a number of the se-
quentially superposed images is greater than a
predetermined number; and 30
d2) if it is determined that the number of the su-
perposed images is greater than the predeter-
mined number at the step d1), removing an im-
age having an earliest serial number among the
superposed images. 35

9. An apparatus of forming an ultrasound image in an
ultrasound diagnostic system, comprising:

a first image forming unit for forming a plurality 40
of 2-dimensional ultrasound images based on
ultrasound echo signals reflected from a prede-
termined portion of a target object;

a ROl setting unit for setting a region of interest
(ROI) on each 2-dimensional image; 45
an image extracting unit for extracting images
within the ROls of the 2-dimensional ultrasound
images; and

a second image forming unit for sequentially su-
perposing the extracted images to form a 3-di- 50
mensional ultrasound image.

10. The apparatus of Claim 9, further comprising a stor-
ing unit for storing the 2-dimensional ultrasound im-
ages. 55
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