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(57)  Disclosed are a three-dimensional (3D) pulsed
wave (PW) spectrum ultrasonic diagnostic apparatus
and a 3D PW spectrum data generating method. The 3D

PW spectrum ultrasonic diagnostic apparatus forms a
sample gate in a 3D format by using a two-dimensional
(2D) array probe, and generates 3D PW spectrum data
by using the formed 3D sample gate.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2009-0102586, filed on Oct.
28, 2009, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference.

BACKGROUND
1. Field

[0002] The presentinvention relates to a three-dimen-
sional (3D) PW spectrum data generating apparatus and
method of generating a 3D PW spectrum.

2. Description of the Related Art

[0003] Anultrasonic system may transmitan ultrasonic
signal toward a predetermined portion inside a body from
a surface of the body, and may obtain an image of a
section of a soft tissue or a bloodstream by using infor-
mation of an ultrasonic signal reflected from a tissue in-
side the body. The ultrasonic system has an advantage
of being small, inexpensive, and capable of displaying
an image in real time. Also, the ultrasonic system has an
advantage of being reliable without exposing a subject
to an X-ray and the like, and thus, the ultrasonic system
is commonly used together with other image diagnostic
devices, such as a computerized tomography (CT) scan-
ner, amagnetic resonance image (MRI) device, anuclear
medicine device, and the like.

[0004] Accurately measuring a speed of blood flow in
abloodstreamis significantly important for a conventional
pulsed wave (PW) Doppler scheme. Particularly, in
echocardiography, a speed of blood flow in a blood-
stream that is beyond a normal range due to coarctation,
regurgitation, or the like may be detected by using the
conventional PW Doppler, and a speed of the regurgita-
tion is determined and is used as a reference for treat-
ment.

[0005] However, when a diagnosis is performed using
the conventional PW, a location of a sample gate is often
changed due to respiration of a patient or a movement
of a sonographer. This may cause repetitious scanning
and may hinder an accurate diagnosis.

[0006] FIG. 1 illustrates an example of a spectrum
waveform according to a conventional art. Referring to
FIG. 1, a conventional ultrasonic diagnosis system may
place a sample gate on a valve of a heartin a PW mode,
and may obtain a spectrum waveform. In this instance,
a spectrum often does not appear in a location where it
was, due to respiration of a patient or a movement of a
sonographer. As illustrated in FIG. 1, a third spectrum
(inside a dotted circle) disappears due to the respiration
of the patient.

[0007] Accordingly, there is need for improving inac-

10

15

20

25

30

35

40

45

50

55

curacy and delayed diagnosis due to the respiration of
the patient or the movement of the sonographer.

SUMMARY

[0008] An aspect of the present invention provides a
3D PW spectrum ultrasonic diagnostic apparatus and a
3D PW spectrum data generating method that solves a
difficulty in diagnosis since a location of a sample gate
is changed due torespiration of a patientand amovement
of a sonographer, thereby enabling prompt and accurate
diagnosis.

[0009] According to example embodiments, there may
be provided a three-dimensional (3D) pulsed wave (PW)
spectrum ultrasonic diagnostic apparatus, the apparatus
including a transmitting/receiving unit to transmit a first
PW Doppler ultrasonic signal and a second PW Doppler
ultrasonic signal to a target object by using a two dimen-
sional (2D) array probe, and to receive a first PW Doppler
response signal corresponding to the first PW Doppler
ultrasonic signal and a second PW Doppler response
signal corresponding to the second PW Doppler ultra-
sonic signal, a forming unit to form a sample gate in a
3D format by using the received first PW Doppler re-
sponse signal and the received second PW Doppler re-
sponse signal, and a generating unit to generate 3D PW
spectrum data by using the formed 3D sample gate.
[0010] The transmitting/receiving unit may receive a
plurality of first PW Doppler response signals related to
an X-axis section in response to the first PW Doppler
ultrasonic signal, and may receive a plurality of second
Doppler response signals related to a Y-axis section in
response to the second PW Doppler ultrasonic signal.
[0011] The forming unit may form the sample gate hav-
ing a plurality of sections by using the plurality of first
Doppler response signals and the plurality of second
Doppler response signals to form a cube sample gate.
[0012] The generating unit may generate the 3D PW
spectrum data with respect to the target object, an
amount of the 3D PW spectrum data being equivalent to
a width of the 3D sample gate.

[0013] According to example embodiments, there may
be provided a method of generating 3D PW spectrum
data, the method including transmitting a first PW Dop-
pler ultrasonic signal and a second PW Doppler ultrason-
ic signal to a target object by using a 2D array probe,
receiving, from the target object, a first PW Doppler re-
sponse signal corresponding to the first PW Doppler ul-
trasonic signal and a second PW Doppler response sig-
nal corresponding to a second PW Doppler ultrasonic
signal, forming a sample gate in a 3D format by using
the received first PW Doppler response signal and the
received second PW Doppler response signal, and gen-
erating 3D PW spectrum data by using the formed 3D
sample gate.

[0014] Additional aspects and/or advantages will be
set forth in part in the description which follows and, in
part, will be apparent from the description, or may be
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learned by practice of the embodiments.
EFFECT

[0015] According to the present invention, when a
spectrum waveform having a loss due to respiration of a
patient or a movement of a sonographer is obtained while
a spectrum of an echocardiography is measured, spatial
data may be obtained. The spatial spectrum data is pro-
viding an effect of obtaining spectrum data with respect
to a plurality of sections at a time, an amount of the spec-
trum data being equivalent to a width of a cube sample
gate.

[0016] According to an embodiment of the present in-
vention, a 3D PW spectrum includes a spectrum wave-
form having a loss due to a movement of a patient or a
sonographer and a complete spectrum waveform, and
thus, the complete spectrum waveform is used as a ref-
erence for treatment of the patient, thereby enabling ac-
curate and prompt diagnosis. The complete spectrum
waveform is extracted from a plurality of waveforms by
using an auto trace and the like, thereby more rapidly
obtaining information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and/or other aspects and advantages
will become apparent and more readily appreciated from
the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
FIG. 1 is adiagramiillustrating an example of a spec-
trum waveform according to a conventional
art;

is a block diagram illustrating a three-dimen-
sional (3D) pulsed wave (PW) spectrum ul-
trasonic diagnostic apparatus accordingto an
exemplary embodiment of the present inven-
tion;

is a diagram illustrating an example of a com-
parison between a one- dimensional (1D) ar-
ray probe and a two-dimensional (2D) array
of the present invention;

is a diagram illustrating an example where a
3D PW spectrum ultrasonic diagnostic appa-
ratus forms a cube sample gate according to
an exemplary embodiment of the present in-
vention.; and

is a flowchart illustrating a 3D PW spectrum
data generating method according to an ex-
emplary embodiment of the present inven-
tion.

FIG. 2

FIG.33

FIG. 4

FIG. 5

DETAILED DESCRIPTION

[0018] Reference willnow be made in detail toexample
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numer-
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als refer to the like elements throughout. An ultrasonic
diagnosis apparatus utilizing a touch interaction is de-
scribed below to explain the present disclosure by refer-
ring to the figures.

[0019] FIG. 2 is a block diagram illustrating a three-
dimensional (3D) pulsed wave (PW) spectrum ultrasonic
diagnostic apparatus 200.

[0020] As illustrated in FIG. 2, the 3D PW spectrum
ultrasonic diagnostic apparatus 200 may include a trans-
mitting/receiving unit 210, a forming unit 220, and a gen-
erating unit 230.

[0021] The transmitting/receiving unit 210 may trans-
mit a first PW Doppler ultrasonic signal and a second PW
Doppler ultrasonic signal to a target object 250, and may
receive a first PW Doppler response signal correspond-
ing to the first PW Doppler ultrasonic signal and a second
PW Doppler response signal corresponding to the sec-
ond PW Doppler ultrasonic signal, from the target object
250. Inthisinstance, the first PW Doppler response signal
and the second PW Doppler response signal are signals
that are in response to the first PW Doppler ultrasonic
signal and the second PW Doppler ultrasonic signal, re-
spectively, and that may penetrate the target object 250
or may be reflected from the target object 250 Also, the
target object 250 may be a body.

[0022] According to an embodiment of the present in-
vention, the transmitting/receiving unit 210 may receive
a plurality of first PW Doppler response signals related
to an X-axis section in response to the first PW Doppler
ultrasonic signal, and may receive a plurality of second
PW Doppler response signals related to a Y-axis section
in response to the second PW Doppler ultrasonic signal.
[0023] The forming unit 220 may form a sample gate
in a 3D format by using the received plurality of first PW
Doppler response signals and the plurality of second PW
Doppler response signals. According to an embodiment
of the present invention, the forming unit 220 may form
the sample gate having a plurality of sections by using
the plurality of first PW Doppler response signals and the
plurality of second PW Doppler response signals to gen-
erate a cube sample gate.

[0024] Generally, aspectrumis generated with respect
to a single section in a conventional one dimensional
(1D) array, and thus, a part of a spectrum waveform may
be missing due to respiration of a patient or a movement
of a sonographer. To overcome the described weak
point, the present invention may receive the plurality of
first Doppler response signals and the plurality of second
Doppler response signals which enable forming of sev-
eral or several dozen sections, by using a two-dimen-
sional (2D) array probe 240, thereby minimizing a loss
of a part of spectrum waveform due to the respiration of
the patient or movement of the sonographer.

[0025] The generating unit 230 may generate 3D PW
spectrum data by using the formed 3D sample gate. Ac-
cording to embodiment of the present invention, the gen-
erating unit 230 may generate 3D PW spectrum data with
respect to the target object 250, an amount of the 3D PW
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spectrum data being equivalent to a width of a cube sam-
ple gate that is the 3D sample gate.

[0026] Asanexample, the generated 3D PW spectrum
data may include a spectrum waveform having a loss
due to the respiration of the patient or the movement of
the sonographer and a complete spectrum waveform.
Accordingly, the generating unit 230 may extract the
complete spectrum waveform from a plurality of spectrum
waveforms based on an auto trace and the like. In this
instance, the complete spectrum waveform may be used
as a reference for treatment of the patient, and thus, the
diagnosis is more accurately and rapidly performed.
[0027] Accordingly, the 3D PW spectrum data gener-
ated by the generating unit 230 may be displayed by a
display unit 260.

[0028] FIG. 3 illustrates an example of a comparison
between a conventional 1D array probe and a 2D array
of the present invention.

[0029] As illustratedin FIG. 3, the conventional 1D ar-
ray probe (1D Array) may only obtain a spectrum with
respect to a single section, whereas the 2D array probe
(2D Array) may obtain spectrums with respect to several
to several dozen sections by scanning both an X-axis
and a Y axis.

[0030] FIG. 4 illustrates an example where a 3D PW
spectrum ultrasonic diagnostic apparatus forms a cube
sample gate 410 according to an exemplary embodiment
of the present invention.

[0031] Referring to FIG. 4, the 3D PW spectrum ultra-
sonic diagnostic apparatus 200 may form the cube sam-
ple gate 410 by forming a sample gate having a plurality
of sections by using a plurality of first PW Doppler re-
sponse signals and a plurality of second PW Doppler
response signals.

[0032] Asanexample, a valve of a heart is composed
of sections. When a width of a sample gate is formed to
be equivalent to a width of the cube sample gate 410, a
spectrum of the valve that is composed of sections may
be observed, a width of the observed spectrum being
equivalent to a width of the cube sample gate 410. Ac-
cordingly, the 3D PW spectrum ultrasonic diagnostic ap-
paratus 200 may minimize a loss of the spectrum caused
by a change in a location of the sample gate due to res-
piration of a patient.

[0033] FIG. 5is a flowchart illustrating a 3D PW spec-
trum data generating method according to an exemplary
embodiment of the present invention.

[0034] In operation 510, a 3D PW spectrum data gen-
erating method transmits a first PW Doppler ultrasonic
signal and a second PW Doppler ultrasonic signal to a
target object by using the 2D array probe 240.

[0035] In operation 520, the 3D PW spectrum data
generating method receives a first PW Doppler response
signal corresponding to the first PW Doppler ultrasonic
signal and a second PW Doppler response signal corre-
sponding to the second PW Doppler ultrasonic signal,
from the target object 250.

[0036] In operation 530, the 3D PW spectrum data

10

15

20

25

30

35

40

45

50

55

generating method forms a sample gate in a 3D format
by using the received first PW Doppler response signal
and the second PW Doppler response signal.

[0037] In operation 540, the 3D PW spectrum data
generating method generates 3D PW spectrum data by
using the formed 3D sample gate.

[0038] The descriptions of the 3D PW spectrum ultra-
sonic diagnostic apparatus 200 described with respect
to FIG. 2to FIG. 4 may be applied to the 3D PW spectrum
data generating method illustrated in FIG. 5. Accordingly,
further description of the 3D PW spectrum data generat-
ing method will be omitted.

[0039] The method according to the above-described
exemplary embodiments of the present invention may be
recorded in computer-readable media including program
instructions to implement various operations embodied
by a computer. The media may also include, alone or in
combination with the program instructions, data files, da-
ta structures, and the like. Examples of computer-read-
able media include magnetic media such as hard disks,
floppy disks, and magnetic tape; optical media such as
CD ROM disks and DVDs; magneto-optical media such
as optical disks; and hardware devices that are specially
configured to store and perform program instructions,
such as read-only memory (ROM), random access mem-
ory (RAM), flash memory, and the like. Examples of pro-
gram instructions include both machine code, such as
produced by a compiler, and files containing higher level
code that may be executed by the computer using an
interpreter. The described hardware devices may be con-
figured to act as one or more software modules in order
to perform the operations of the above-described exem-
plary embodiments of the present invention, or vice ver-
sa.

[0040] Although a few example embodiments have
been shown and described, it would be appreciated by
those skilled in the art that changes may be made in these
example embodiments without departing from the prin-
ciples and spirit of the invention, the scope of which is
defined in the claims and their equivalents.

Claims

1. A three-dimensional (3D) pulsed wave (PW) spec-
trum ultrasonic diagnostic apparatus, the apparatus
comprising:

a transmitting/receiving unit to transmit a first
PW Doppler ultrasonic signal and a second PW
Doppler ultrasonic signal to a target object by
using a two dimensional (2D) array probe, and
to receive a first PW Doppler response signal
corresponding to the first PW Doppler ultrasonic
signal and a second PW Doppler response sig-
nal corresponding to the second PW Doppler
ultrasonic signal;

a forming unit to form a sample gate in a 3D
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format by using the received first PW Doppler forming a cube sample gate by forming the
response signal and the received second PW sample gate having a plurality of sections
Doppler response signal; and by using the plurality of first PW Doppler re-
a generating unit to generate 3D PW spectrum sponse signals and the plurality of second
data by using the formed 3D sample gate. 5 PW Doppler response signals, and

the generating comprises:
2. The apparatus of claim 1, wherein the transmitting/

receiving unit receives a plurality of first PW Doppler generating the 3D PW spectrum data
response signals related to an X-axis section in re- with respect to the target object, an
sponse to the first PW Doppler ultrasonic signal, and 70 amount of the 3D PW spectrum data
receives a plurality of second Doppler response sig- being equivalent to a width of the 3D
nals related to a Y-axis section in response to the sample gate.

second PW Doppler ultrasonic signal.

3. The apparatus of claim 2, wherein the forming unit 15
forms the sample gate having a plurality of sections
by using the plurality of first Doppler response sig-
nals and the plurality of second Doppler response
signals to form a cube sample gate.

20
4. The apparatus of claim 1, wherein the generating
unit generates the 3D PW spectrum data with re-
spect to the target object, an amount of the 3D PW
spectrum data being equivalent to a width of the 3D
sample gate. 25

5. A method of generating 3D PW spectrum data, the
method comprising:

transmitting a first PW Doppler ultrasonic signal 30
and a second PW Doppler ultrasonic signal to a
target object by using a 2D array probe;

receiving, from the target object, a first PW Dop-

pler response signal corresponding to the first

PW Doppler ultrasonic signal and a second PW 35
Doppler response signal corresponding to a
second PW Doppler ultrasonic signal;

forming a sample gate in a 3D format by using

the received first PW Doppler response signal

and the received second PW Doppler response 40
signal; and

generating 3D PW spectrum data by using the
formed 3D sample gate.

6. The method of claim 5, wherein the receiving com- 45
prises:

receiving a plurality of first PW Doppler response
signals related to an X-axis section in response
to the first PW Doppler ultrasonic signal; and 50
receiving a plurality of second PW Doppler re-
sponse signals related to a Y-axis section in re-
sponse to the second PW Doppler ultrasonic sig-
nal.

55

7. The method of claim 6, wherein:

the forming comprises:
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FIG. 1 (CONVENTIONAL ART)
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FIG. 2
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FIG. 3
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