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IMAGES FOR ULTRASONIC DIAGNOSIS, AND HIGH INTENSITY FOCUSED ULTRASONIC
THERAPEUTIC DEVICE PERFORMING SAME

(67)  The present disclosure relates to a method for
forming ultrasonic images using transmitted and re-
ceived signals for ultrasonic diagnosis and a HIFU ther-
apeutic device performing the same. The HIFU thera-
peutic device includes a transceiver for transmitting a
diagnostic ultrasound to a subject, and receive areflected
subject ultrasonic echo signal to form a received signal;
an image processor for forming a B-mode image based
on the received signal and output the B-mode image
through a display unit; an ultrasonic wave generator for
transmitting a high intensity ultrasound to a specific area
of the subject; and a control unit for enabling the trans-
ceiver and the ultrasonic wave generator to control trans-
mission periods of the diagnostic ultrasound and the
high-intensity ultrasound wave based on information on
at least one of a prescribed HIFU PRF (Pulse Repetition
Frequency) and duty ratio and a PRF disable signal gen-
erated by the ultrasonic wave generator.
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Description
[Technical Field]

[0001] The present disclosure in some embodiments
relates to a method forforming ultrasonicimages by using
transmitted and received signals for ultrasonic diagnosis
and a high-intensity focused ultrasound therapeutic de-
vice for the same. More particularly, the present disclo-
sure relates to a method for forming ultrasonic images
by using transmitted and received signals for ultrasonic
diagnosis and a high-intensity focused ultrasound ther-
apeutic device, capable of identifying a subject requiring
ultrasonic therapy more precisely by cancelling an inter-
ference caused by a high-intensity ultrasound wave from
an image formed of a diagnostic ultrasound when per-
forming a high-intensity focused ultrasound therapy.

[Background]

[0002] The statements in this section merely provide
background information related to the present embodi-
ment and may not constitute prior art.

[0003] A high-intensity focused ultrasound (HIFU) is
generally used to cure (treat) tissues such as cancer,
tumor and lesion. A form of treatment using a high-inten-
sity ultrasound wave causes necrosis of a relevant body
tissue by using heat occurring when the high-intensity
ultrasound wave is focused at a point and transmitted
thereto. To this end, the high-intensity ultrasound wave
is duly controlled to prevent healthy tissues from being
damaged, whereas the treatment using the high-intensity
ultrasound wave can obviate an incision occurring when
performing a surgical operation.

[0004] A conventional HIFU treatment method is per-
formed by transmitting ultrasonic wave to a body tissue
to be treated, acquiring an image by using an echo signal
reflected at the relevant body tissue, and performing a
HIFU based detection of changes in the relevant body
tissue. Herein, an interference caused by the high-inten-
sity ultrasound wave affects the image, thereby disturb-
ing a correct presentation of the relevant image.

[Disclosure]
[Technical Problem]

[0005] The present disclosure provides a method for
forming ultrasonic images by using transmitted and re-
ceived signals for ultrasonic diagnosis and a HIFU ther-
apeutic device for the same, capable of identifying a sub-
ject requiring ultrasonic therapy more precisely by can-
celling an interference caused by a high-intensity ultra-
sound wave from an image formed of a diagnostic ultra-
sound when performing a HIFU therapy.
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[Summary]

[0006] According to an aspect of the present disclo-
sure, there is provided a HIFU therapeutic device, includ-
ing atransceiver, animage processor, an ultrasonic wave
generator and a control unit. The transceiver is config-
ured to transmit a diagnostic ultrasound to a subject, and
receive an ultrasonic echo signal reflected from the sub-
ject to form a received signal. The image processor is
configured to form a B-mode image based on the re-
ceived signal, and output the B-mode image on a display
unit. The ultrasonic wave generator is configured to trans-
mit a high-intensity ultrasound wave to a specific area of
the subject. And the control unit is configured to enable
the transceiver and the ultrasonic wave generator to con-
trol transmission periods of the diagnostic ultrasound and
the high-intensity ultrasound wave based on information
on at least one of a prescribed HIFU PRF (Pulse Repe-
tition Frequency) and a prescribed duty ratio and a PRF
disable signal generated by the ultrasonic wave gener-
ator.

[0007] Further, according to another aspect of the
present disclosure, there is provided a method for form-
ing ultrasonic images using transmitted and received sig-
nals for ultrasonic diagnosis, including transmitting, by
using a transceiver, a diagnostic ultrasound to a subject
and receiving an ultrasonic echo signal reflected from
the subject to form a received signal; forming, by using
an image processor, a B-mode image based on the re-
ceived signal and outputting the B-mode image on a dis-
play unit; transmitting, by using an ultrasonic wave gen-
erator, a high-intensity ultrasound wave to a specific area
of the subject; and controlling, by using a control unit, the
transceiver and the ultrasonic wave generator to control
transmission periods of the diagnostic ultrasound and
the high-intensity ultrasound wave based on information
on at least one of a prescribed HIFU PRF (Pulse Repe-
tition Frequency) and a prescribed duty and a PRF dis-
able signal generated by the ultrasonic wave generator.

[Advantageous Effects]

[0008] According to the present embodiment, a treat-
ment effect can be maximized by making a subject re-
quiring ultrasonic therapy presented more correctly by
cancelling an interference caused by a high-intensity ul-
trasound wave from an image formed of a diagnostic ul-
trasound when performing a HIFU therapy.

[0009] Moreover, a treatment region can be correctly
located during a HIFU treatment, resulting in the effective
treatment capable of ensuring patient’s stability and re-
ducing the HIFU treatment time.

[Description of Drawings]
[0010]

FIG. 1 is a schematic block diagram of a HIFU ther-
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apeutic device according to the present embodi-
ment.

FIG. 2 is a flowchart of a method for forming an ul-
trasonic image based on a HIFU PRF and a duty
ratio according to a first embodiment.

FIG. 3 is a flowchart of a method for forming an ul-
trasonic image based on a PRF disable signal ac-
cording to a second embodiment.

FIG. 4 is an exemplary diagram of forming an ultra-
sonic image based on a HIFU PRF and a duty ratio
according to a first embodiment.

FIG. 5 is an exemplary diagram of forming an ultra-
sonic image based on a PRF disable signal accord-
ing to a second embodiment.

FIG. 6 is an exemplary diagram illustrating an image
free from interference according to the present em-
bodiment.

[Detailed Description]

[0011] Hereinafter, a detailed description of at least
one embodiment is given with reference to accompany-
ing drawings.

[0012] A high-intensity ultrasound wave described in
the present embodiment refers to an ultrasound whose
intensity is about 100 thousand times stronger than a
diagnostic ultrasound wave. Further, a HIFU therapy de-
scribed in the present embodiment refers to a procedure
to burn out tissues of a specific area using heat of 64°C
to 100°C occurring at a specific area by focusing a high-
intensity ultrasound wave at a point (a specific area) and
transmitting it thereto. When focusing a high-intensity ul-
trasound wave ata point (a specific area), whose intensity
about 100 thousand times stronger than a regular diag-
nostic ultrasound, a heat is generated at a focal point.
This is based on a similar principle similar to where a
heat is generated at a focal point where sunlight is col-
lected through a convex lens. Since ultrasound wave is
harmless per se to human bodies and generates heat at
a confined focal point where ultrasound is concentrated,
ultrasound therapeutic method has been used to cure
lesions in a human body and obviates the need to use
knife or needle nor putting a person under general an-
esthesia.

[0013] Further, a B-mode image described in the
present embodiment is a grayscale image which refers
to an image mode indicating movement of a subject, and
a C-mode image refers to a color flow image mode.
Meanwhile, a BC-mode image refers to an image mode
which indicates flow of blood or movement of a subject
using Doppler Effect providing a B-mode image and a C-
mode image simultaneously. This image mode provides
information on flow of blood and movement of a subject
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together with anatomical information. In other words, the
B-mode is a grayscale image which refers to an image
mode indicating movement of a subject, and the C-mode
is a color flow image which refers to an image mode in-
dicating flow of blood or movement of a subject. Mean-
while, a HIFU device 100 described in the present dis-
closure can provide the B-mode image and the C-mode
image, simultaneously. For the purpose of illustration,
the present disclosure assumes that a HIFU therapeutic
device 100 provides a B-mode image.

[0014] FIG. 1 is a schematic block diagram of a HIFU
therapeutic device according to the presentembodiment.
[0015] The HIFU therapeutic device 100 according to
the present embodiment includes a user input unit 110,
a transceiver 120, an ultrasonic wave generator 122, a
storage unit 130, a control unit 140, a signal processor
150, an image processor 160 and a display unit 170.
Meanwhile, although the present embodiment is de-
scribed toinclude only the userinput unit 110, transceiver
120, ultrasonic wave generator 122, storage unit 130,
control unit 140, signal processor 150, image processor
160 and display unit 170, it should be noted thatthe above
described construction is merely exemplary for the tech-
nical idea of the present embodiment and those skilled
in the art can make a variety of modifications and varia-
tions to the constituents included in the HIFU therapeutic
device 100, if not departing from intrinsic characteristics
of the present embodiment.

[0016] The userinputunit 110 receives instructions in-
putted by a user’'s manipulation. Here, the user instruc-
tions may be setting instructions to control the HIFU ther-
apeutic device 100.

[0017] The transceiver 120 transmits a diagnostic ul-
trasound wave to a subject and receives an ultrasonic
echo signal reflected from the subject as a received sig-
nal. In other words, the transceiver 120 transmits a diag-
nostic ultrasound used to obtain a B-mode image (or a
C-mode image) to the subject and receives an ultrasonic
echo signal reflected from the subject as a received sig-
nal. Further, the transceiver 120 transmits a diagnostic
ultrasound to a subject and receives an ultrasonic echo
signal reflected from the subject, based on a control sig-
nal received from the control unit 140, to form a received
signal. Further, the transceiver 120 transmits and re-
ceives an ultrasound at a PRF (Pulse Repetition Fre-
quency) to and from an area of interest, based on a con-
trol signal received from the control unit 140, to form a
received signal. Here, the received signal includes a Dop-
pler signal and a clutter signal. The Doppler signal is an
ultrasonic signal that is originated from the transceiver
120 and then reflected by flowing blood, which has a
relatively high frequency but has arelatively low intensity.
The clutter signal is an ultrasonic signal that is originated
from the transceiver 120 and then reflected by a cardiac
wall, a cardiac plate, and so on, which has a relatively
low frequency but has a relatively high intensity.

[0018] The transceiver 120 includes a probe (not
shown) that serves to transmit and receive an ultrasound



5 EP 2799 113 A1 6

and abeamformer (notshown) thatserves to make trans-
mit focusing and receive focusing of an ultrasound. Here,
the probe includes a plurality of 1 dimensional or 2 di-
mensional array transducers. The probe transmits fo-
cused ultrasonic beam to a subject (not shown) along a
transmission scan line by suitably delaying input time of
pulses that are fed into each transducer. Meanwhile, the
ultrasonic echo signal reflected from the subject is fed
into each transducer with different reception time and
each transducer outputs the input ultrasonic echo signal
to the beam former. The beam former focuses the ultra-
sound to a specific position by manipulating a drive timing
of each transducer in the probe when the probe transmits
the ultrasound. The beam former focuses the ultrasonic
echo signal by allocating time delay to each ultrasonic
echo signal of the probe considering that the ultrasonic
echo signals reflected by the subject arrive at the respec-
tive transducers of the probe at different times.

[0019] The transceiver 120 basically transmits a diag-
nostic ultrasound to a subject and receives an ultrasonic
echo signal reflected from the subject correspondingly
to the diagnostic ultrasound to form a received signal.
Herein, the transceiver 120 according to a first embodi-
ment performs the transmission and reception and fur-
ther receives a second ultrasonic echo signal reflecting
the switching period of switching into a disable state for
the diagnostic ultrasound and the switching period of
switching into an enable state, to form a second received
signal. Meanwhile, when the transceiver 120 according
to a second embodiment receives an ultrasonic echo sig-
nal corresponding to the diagnostic ultrasound transmit-
ted to the subject, itreceives a third ultrasonic echo signal
reflecting the period of switching into a disable state ac-
cording to a PRF disable signal and the period of switch-
ing into an enable state in order to form a third received
signal.

[0020] The ultrasonic wave generator 122 transmits a
high-intensity ultrasound wave to a specific area of a sub-
ject. In particular, the ultrasonic wave generator 122
transmits the high-intensity ultrasound wave to a specific
location designated by the user input unit 110. Here, the
user first transmits a diagnostic ultrasound to a subject
using the transceiver 120, and then determines a specific
area of the subject from an image generated based on
areceived signal thatis formed by receiving an ultrasonic
echo signal reflected from the subject. Here, in order for
the user to determine the specific area, he or she can do
it by inputting a value of the position corresponding to
the specific area or manipulating a joystick-shaped nav-
igation key. This input or manipulation allows transmitting
the high-intensity ultrasound wave to a specific area of
subjects such as cancer tissue, tumor tissue and lesion
tissue. Here, the ultrasonic wave generator 122 may be
manufactured in a circular shape, and preferably be em-
bodied to have the transceiver 120 in its center, though
it is not limited thereto.

[0021] The ultrasonic wave generator 122 according
to the first embodiment transmits a high-intensity ultra-
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sound wave to the specific area of the subject under the
control of the control unit 140 based on a prescribed duty
ratio. The ultrasonic wave generator 122 receives a trig-
ger signal transmitted by the control unit 140, and trans-
mits the high-intensity ultrasound wave based on the trig-
ger signal. Meanwhile, the ultrasonic wave generator 122
according to the second embodiment generates a PRF
disable signal when transmitting the high-intensity ultra-
sound wave, and transmits it to the transceiver 120 or
the control unit 140. When transmission of the high-in-
tensity ultrasound wave is stopped, the ultrasonic wave
generator 122 according to the second embodiment
stops transmitting the PRF disable signal. When a trans-
mission command for the high-intensity ultrasound wave
is inputted from the user input unit 110, the ultrasonic
wave generator 122 transmits the high-intensity ultra-
sound wave to a specific area of the subject, and when
a stop instruction of the high-intensity ultrasound wave
is inputted from the user input unit 110, the ultrasonic
wave generator 122 stops transmitting the high-intensity
ultrasound wave.

[0022] The storage unit 130 stores a received signal
formed through the transceiver 120. Further, the storage
unit 130 stores information on a number of cut off fre-
quencies to remove a clutter signal from the received
signal.

[0023] The control unit 140 refers to a control means
for controlling and coordinating the overall operation of
the HIFU therapeutic device 100. The control unit 140
according to the present embodiment sets up a desired
HIFU PRF and a duty ratio based on information inputted
by the user input unit 110. Further, the control unit 140
according to the present embodiment enables the trans-
ceiver 120 and the ultrasonic wave generator 122 to con-
trol transmission period of a diagnostic ultrasound and a
high-intensity ultrasound wave on the basis of informa-
tion on at least one of the desired HIFU PRF and the duty
ratio and a PRF disable signal generated through the
ultrasonic wave generator 122.

[0024] The operational processes of the control unit
140 based on the prescribed PRF and the prescribed
duty ratio according to the first embodiment will now be
described in detail. The control unit 140 instructs the
transceiver 120 to keep the transmission state of the di-
agnostic ultrasound in an enable state until the arrival of
a transmission period of the high-intensity ultrasound
wave in the ultrasonic wave generator 122 based on the
set desired PRF and the duty ratio. Further, when the
ultrasonic wave generator 122 transmits a high-intensity
ultrasound wave as long as the prescribed duty ratio at
a period corresponding to the setdesired PRF, the control
unit 140 according to the first embodiment instructs the
transceiver 120 to switch the transmission state of the
diagnostic ultrasound into a disable state at a period cor-
responding to the set desired PRF during the prescribed
duty ratio. In this case, when the ultrasonic wave gener-
ator 122 stops transmitting the high-intensity ultrasound
wave based on the prescribed duty ratio, the control unit
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140 according to the first embodiment instructs the trans-
ceiver 120 to switch the transmission state of the diag-
nostic ultrasound into an enable state. Meanwhile, when
the control unit 140 according to the first embodiment
instructs the transceiver 120 to switch the transmission
state of the diagnostic ultrasound to a disable state based
on the prescribed duty ratio, it transmits a trigger signal
to the ultrasonic wave generator 122 so that the ultrasonic
wave generator 122 can transmit a high-intensity ultra-
sound wave.

[0025] The operational processes of the control unit
140 based on the PRF disable signal according to the
second embodiment will now be described in detail.
While receiving the PRF disable signal from the ultrason-
ic wave generator 122, the control unit 140 instructs the
transceiver 120 to switch the transmission state of the
diagnostic ultrasound into a disable state. Then, while
receiving no PRF disable signal from the ultrasonic wave
generator 122, the control unit 140 according to the sec-
ond embodiment instructs the transceiver 120 to switch
the transmission state of the diagnostic ultrasound into
an enable state.

[0026] When receiving area of interest setup informa-
tion inputted from the user input unit 110, the control unit
140 uses the information to control transmission and re-
ception of ultrasound. Further, the control unit 140 per-
forms appropriate control operations for repeatedly per-
forming transmission and reception of the ultrasound for
obtaining a B-mode image and transmission and recep-
tion of the ultrasound for obtaining a C-mode image.
[0027] The signal processor 150 performs a clutter fil-
tering for a signal received from the transceiver 120 by
setting a number of filters that have cut off frequencies
to remove a clutter signal for each pixel within the area
ofinterest. Meanwhile, the signal processor 150 may per-
form signal processing such as a gain control forimage
optimization with respect to the received signal from the
transceiver 120. Further, the signal processor 150 per-
forms a low pass filtering of the received signal and then
transmits the filtered signal to the image processor 160.
[0028] The image processor 160 forms a B-mode im-
age or a C-mode image based on the received signal,
and outputs the B-mode image and the C-mode image
on adisplay unit 170. Basically, the image processor 160
forms the B-mode image based on the received signal
and outputs the B-mode image through the display unit
170.

[0029] Inthis case, the image processor 160 according
to the first embodiment forms the B-mode image free
from interference due to the high-intensity ultrasound
wave, based on the second received signal formed by
the transceiver 120, and outputs the B-mode image
through the display unit 170. Meanwhile, the image proc-
essor 160 according to the second embodiment forms a
B-mode image from which interference caused by a high-
intensity ultrasound wave is removed based on a third
received signal, and outputs the B-mode image through
the display unit 170.
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[0030] FIG. 2is a flowchart of a method for forming an
ultrasonic image based on a HIFU PRF and a duty ratio
according to a first embodiment.

[0031] The control unit 140 included in the HIFU ther-
apeutic device 100 sets up a prescribed HIFU PRF or a
prescribed duty ratio based on information inputted by
the user input unit 110 at step S210. A transceiver 120
in the HIFU therapeutic device 100 transmits a diagnostic
ultrasound to a subject and receives an ultrasonic echo
signal reflected from the subject to form a received signal
(5220).

[0032] The control unit 140 of the HIFU therapeutic de-
vice 100 transmits a trigger signal to the ultrasonic wave
generator 122 based on the prescribed duty ratio (S230),
so that the ultrasonic wave generator 122 transmits a
high-intensity ultrasound wave (S240). In other words,
when the control unit 140 instructs the transceiver 120
to switch the transmission state of the diagnostic ultra-
sound into a disable state at step S230, the control unit
140 transmits a trigger signal to the ultrasonic wave gen-
erator 122. Further, the image processor 160 included in
the HIFU therapeutic device 100 forms a B-mode image
(or a C-mode image) based on a received signal at step
230, and outputs the B-mode image (the C-mode image)
through the display unit 170. Meanwhile, the ultrasonic
wave generator 122 in the HIFU therapeutic device 100
transmits a high-intensity ultrasound wave to a specific
area of the subject at step S240.

[0033] Afterstep S240, the control unit 140 of the HIFU
therapeutic device 100 controls the transceiver 120 and
the ultrasonic wave generator 122 based on the pre-
scribed duty ratio so that transmission periods of the di-
agnostic ultrasound and the high-intensity ultrasound
wave are adjusted. First, the ultrasonic wave generator
122 of the HIFU therapeutic device 100 controls the trans-
ceiver 120 based on the prescribed duty ratio until the
high-intensity ultrasound wave is transmitted, so that the
transmission state of the diagnostic ultrasound maintains
an enable state.

[0034] The control unit 140 transmits a trigger signal
to the ultrasonic wave generator 122 based on the pre-
scribed duty ratio so that the ultrasonic wave generator
122 transmits a high-intensity ultrasound wave, and al-
lows the transceiver 120 to switch transmission state of
the diagnostic ultrasound into a disable state (S250). The
ultrasonic wave generator 122 stops transmitting the
high-intensity ultrasound wave based on the prescribed
duty ratio (S260). When the ultrasonic wave generator
122 stops transmitting the high-intensity ultrasound wave
based on the prescribed duty ratio, the control unit 140
instructs the transceiver 120 to switch the transmission
state of the diagnostic ultrasound into an enable state
(S270).

[0035] Through the process up to step 270, the trans-
ceiver 120 of the HIFU therapeutic device 100 receives
an ultrasonic echo signal corresponding to the transmit-
ted diagnostic ultrasound as a second ultrasonic echo
signal reflecting the switching period of switching into a
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disable state for the diagnostic ultrasound and the period
of switching into an enable state, to form a second re-
ceived signal. In this case, the image processor 160 of
the HIFU therapeutic device 100 forms a B-mode image
(ora C-mode image) free from interference due to a high-
intensity ultrasound wave, based on the second received
signal, and outputs the B-mode image (or the C-mode
image) through the provided display 170 (S280). After
step S280, the HIFU therapeutic device 100 may repeat-
edly perform steps S210 to S280 according to the pre-
scribed duty ratio.

[0036] Althoughitis described thatsteps S210to S280
are sequentially performed in FIG. 2, the above steps are
merely an exemplary description of the technical idea of
the present embodiment and those skilled in the art can
make a variety of modifications and variations to the steps
by changing and executing steps described in FIG. 2 or
executing at least one of steps S210 to S280 in parallel,
if not departing from intrinsic characteristics of the
present embodiment and the steps in FIG. 2 are not lim-
ited to the sequential order.

[0037] Asdescribed above, a HIFU control method us-
ing transmitted and received signals for ultrasonic diag-
nosis according to the present embodiment described in
FIG. 2 can be recorded in a record medium that can be
embodied in program and read by computer. The com-
puter readable record medium that has program record-
ed toimplementa HIFU control method using transmitted
and received signals for ultrasonic diagnosis according
to the present embodiment, includes all kinds of record
device in which computer system readable data are
stored. Examples of such computer readable record me-
dium include ROM, RAM, CD-ROM, magnetic tape, flop-
py disk, optical data storage device, etc. which may also
include media in a form of carrier wave (for example,
transmission through Internet). Further, the computer
readable record medium may be distributed to computer
systems connected with one another by a network, and
may store and execute computer readable codes in a
distributed system. Further, functional program, code
and code segments to implement the present embodi-
ment may be easily inferred by programmers skilled in
the technical field of the present embodiment.

[0038] FIG. 3 is a flowchart of a method for forming an
ultrasonic image based on a PRF disable signal accord-
ing to a second embodiment.

[0039] The transceiver 120 included in the HIFU ther-
apeutic device 100 transmits a diagnostic ultrasound to
a subject and receives an ultrasonic echo signal reflected
from the subject to form a received signal (S310). When
there is a command to transmit a high-intensity ultra-
sound wave from the user input unit 110, the ultrasonic
wave generator 122 included in the HIFU therapeutic de-
vice 100 transmits the high-intensity ultrasound wave to
a specific area of the body (S320).

[0040] The ultrasonic wave generator 122 generates
and sends a PRF disable signal to the transceiver 120
or the control unit 140 when transmitting the high-inten-
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sity ultrasound wave (S330). While receiving the PRF
disable signal from the ultrasonic wave generator 122,
the control unit 140 instructs the transceiver 120 to switch
the transmission state of the diagnostic ultrasound into
adisable state (S340). When there is a command to stop
transmission of the high-intensity ultrasound wave
through the user input unit 110, the ultrasonic wave gen-
erator 122 stops transmitting the high-intensity ultra-
sound wave. Further, while receiving no PRF disable sig-
nal from the ultrasonic wave generator 122, the control
unit 140 makes the transceiver 120 switch the transmis-
sion state of the diagnostic ultrasound into an enable
state (S350).

[0041] As receiving the ultrasonic echo signal corre-
sponding to the diagnostic ultrasound transmitted to the
subject, the transceiver 120 receives a third ultrasonic
echo signal reflecting the period of switching into a dis-
able state depending on the PRF disable signal and the
period of switching into an enable state, to form a third
received signal. Then, theimage processor 160 included
in the HIFU therapeutic device 100 forms a B-mode im-
age (or a C-mode image) free from interference due to
the high-intensity ultrasound wave, based on the third
received signal, and outputs the B-mode image (or the
C-mode image) through the display unit 170 (S360).
[0042] Althoughitis described that steps S310 to S350
are sequentially performed in FIG. 3, they are not limited
to the sequential order since the above steps are merely
an exemplary description of the technical idea of the
present embodiment and those skilled in the technical
field of the present embodiment can make a variety of
modifications and variations to the steps by changing and
executing steps described in FIG. 3 or executing at least
one of steps S310 to S360 in parallel, if not departing
from intrinsic characteristics of the present embodiment.
[0043] As described above, a method for forming ul-
trasonicimages based on a PRF disable signal according
to the second embodiment described in FIG. 3 can be
recorded in a record medium that can be implemented
in program and read by computer. The computer reada-
ble record medium that has program recorded to imple-
ment a method for forming an ultrasonic image based on
a PREF disable signal according to the second embodi-
ment includes all kinds of record devices in which com-
puter system readable data are stored. Examples of such
computer readable record medium include ROM, RAM,
CD-ROM, magnetic tape, floppy disk, optical data stor-
age device, etc. which may also include media imple-
mented in a form of carrier wave (for example, transmis-
sion through Internet). Further, the computer readable
record medium may be distributed to computer systems
connected with one another by a network, and may store
and execute computer readable codes in a distributed
system. Further, functional program, code and code seg-
ments to implement the present embodiment may be
easily inferred by programmers skilled in the technical
field of the present embodiment.

[0044] FIG. 4 is an exemplary diagram of forming an
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ultrasonic image based on a HIFU PRF and a duty ratio
according to a first embodiment.

[0045] Brief definitions for respective modules shown
in FIG. 4 will first be described. A 'treatment module’ cor-
responds to the ultrasonic wave generator 122 in the
present embodiment, and an 'imaging module’ corre-
sponds to the transceiver 120, the image processor 160
and the display unit 170 in the present embodiment com-
bined. Here, the treatment module and imaging module
may be operated under the control of the control unit 140
according to the present embodiment.

[0046] ReferringtoFIG. 4, the control unit 140 provides
a prescribed HIFU PRF or a prescribed duty ratio in the
treatment module and the imaging module based on in-
formation inputted through the user input unit 110.
[0047] The imaging module transmits a diagnostic ul-
trasound to a subject and receives an ultrasonic echo
signal reflected from the subject to form a received signal.
[0048] Then, the imaging module transmits a trigger
signal to the treatment module according to the pre-
scribed duty ratio, in order to trigger the treatment module
to transmit a high-intensity ultrasound wave. Here, the
imaging module changes the transmission state of the
diagnostic ultrasound into a disable state following the
prescribed duty ratio. When the treatment module stops
transmitting the high-intensity ultrasound wave accord-
ing to the prescribed duty ratio, the imaging module
changes the transmission state of the diagnostic ultra-
sound into an enable state.

[0049] Then, after a period of HIFU PRF, the imaging
module transmits a trigger signal to the treatment module
based on the prescribed duty ratio, so that the treatment
module transmits a high-intensity ultrasound wave. In this
case, the imaging module changes the transmission
state of the diagnostic ultrasound into a disable state
based on the prescribed duty ratio. When the treatment
module stops transmitting a high-intensity ultrasound
wave based on the prescribed duty, the imaging module
switches the transmission state of the diagnostic ultra-
sound into an enable state. When such process is pro-
gressed, the imaging module receives an ultrasonic echo
signal which corresponds to the transmitted subject di-
agnostic ultrasound as a second ultrasonic echo signal
reflecting the period of switching into a disable state for
the diagnostic ultrasound and the period of switching into
an enable state, to form a second received signal. Then,
the imaging module forms a B-mode image (or a C-mode
image) free from interference due to the high-intensity
ultrasound wave, and outputs the B-mode image (or the
C-mode image) through a display unit 170.

[0050] FIG. 5 is an exemplary diagram of forming an
ultrasonic image based on a PRF disable signal accord-
ing to a second embodiment.

[0051] To first define respective modules illustrated in
FIG. 5, a 'treatment module’ illustrated in FIG. 5 corre-
sponds to the ultrasonic wave generator 122 in the
present embodiment, and an 'imaging module’ corre-
sponds to the transceiver 120, the image processor 160
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and the display unit 170 in the present embodiment com-
bined. Here, the treatment module and the imaging mod-
ule may operate under the control of the control unit 140
according to the present embodiment.

[0052] Referring to FIG. 5, the imaging module trans-
mits a diagnostic ultrasound to a subject and receives an
ultrasonic echo signal reflected from the subject to form
a received signal. In this case, when the treatment mod-
ule transmits a high-intensity ultrasound wave, it trans-
mits a PRF disable signal to the imaging module. When
receiving the PRF disable signal from the treatment mod-
ule, the imaging module disables transmission of the di-
agnostic ultrasound. Further, when the treatment module
stops to transmit the PRF disable signal, the ‘imaging
module’ enables the transmission of the diagnostic ultra-
sound.

[0053] In particular, when such process develops, the
imaging module receives an ultrasonic echo signal which
corresponds to the transmitted subject diagnostic ultra-
sound as a third ultrasonic echo signal reflecting the pe-
riod of switching into a disable state depending on the
PRF disable signal and the period of switching into an
enable state, to form a third received signal. Then, the
imaging module forms a B-mode image (or a C-mode
image) free from interference due to a high-intensity ul-
trasound wave, based on the third received signal, and
outputs the B-mode image (or the C-mode image)
through the display unit 170.

[0054] FIG. 6 is an exemplary diagram illustrating an
interference-free image according to the present embod-
iment.

[0055] Referring to FIG. 6 at (a), the following will de-
scribe an ultrasonic echo signal reflecting neither of the
period of switching into a disable state for a diagnostic
ultrasound and the period of switching into an enable
state. An 'imaging module’ transmits a diagnostic ultra-
sound to a subject and receives an ultrasonic echo signal
reflecting neither of the period of switching into a disable
state for a diagnostic ultrasound and the period of switch-
ing into an enable state, to form a received signal. Then,
the imaging module forms a B-mode image (or a C-mode
image) free from interference due to a high-intensity ul-
trasound wave, based on the received signal, and out-
puts the B-mode image (or the C-mode image) through
the display unit 170. Here, the image formed at this time
shows an interference phenomenon as hatched sections
in FIG. 6 at (a). Because of such an interference phe-
nomenon, itbecomes difficult to present arelevantimage
correctly when performing a HIFU therapy.

[0056] By comparison, as illustrated in FIG. 6 at (b),
the imaging module receives an ultrasonic echo signal
which corresponds to a transmitted subject diagnostic
ultrasound as a second ultrasonic echo signal reflecting
the period of switching into a disable state for the diag-
nostic ultrasound and the period of switching into an en-
able state, to form a second received signal. Then, the
imaging module forms a B-mode image (or a C-mode
image) free from interference due to a high-intensity ul-
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trasound wave, based on the second received signal,
and outputs the B-mode image (or the C-mode image)
through the display unit 170. Therefore, a relevantimage
can be correctly presented when performing a HIFU ther-
apy since the B-mode image (or the C-mode imager) is
formed interference free.

[0057] Meanwhile, referring to FIG. 6 at (b), the imag-
ing module receives an ultrasonic echo signal which cor-
responds to a diagnostic ultrasound as a third ultrasonic
echo signal reflecting the period of switching into a dis-
able state depending on a PRF disable signal and the
period of switching into an enable state, to form a third
received signal. Then, the imaging module forms a B-
mode image (or a C-mode image) free from interference
due to a high-intensity ultrasound wave, based on the
third received signal, and outputs the B-mode image (or
the C-mode image) on the display unit 170. Hence, a
relevantimage can be correctly presented when perform-
ing a HIFU therapy since the B-mode image (or the C-
mode imager) is formed interference free.

[0058] The above description is merely an exemplary
description of the technical idea of the presentdisclosure,
and those skilled in the art may make a variety of modi-
fications and variations, if not departing from intrinsic
characteristics of the present embodiment. Accordingly,
the present embodiments are not aimed to restrict tech-
nical idea of the present disclosure but aimed to describe
it, and the scope of the technical idea of the present dis-
closure is not restricted by the embodiments. The pro-
tective scope of the present disclosure should be con-
strued by claims following below and all technical ideas
within the equivalent scope should be construed to be
included in the right scope of the present disclosure.

Claims

1. A high-intensity focused ultrasound (HIFU) thera-
peutic device, comprising:

atransceiver configured to transmit a diagnostic
ultrasound to a subject, and receive an ultrason-
ic echo signal reflected from the subject to form
a received signal;

an image processor configured to form a B-
mode image based on the received signal and
output the B-mode image through a display unit;
an ultrasonic wave generator configured to
transmit a high intensity ultrasound wave to a
specific area of the subject; and

a control unit configured to enable the transceiv-
er and the ultrasonic wave generator to control
transmission periods of the diagnostic ultra-
sound wave and the high-intensity ultrasound
wave based on an information on at least one
ofaprescribed HIFU PRF (Pulse Repetition Fre-
quency) and a prescribed duty ratio and a PRF
disable signal generated by the ultrasonic wave
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generator.

The HIFU therapeutic device of claim 1, wherein the
control unit instructs the transceiver to maintain an
enable state for a transmission state of the diagnostic
ultrasound wave until the arrival of a transmission
period of the high-intensity ultrasound wave in the
ultrasonic wave generator according to the pre-
scribed HIFU PRF and the prescribed duty ratio.

The HIFU therapeutic device of claim 2, wherein the
control unit instructs the transceiver to switch the
transmission state of the diagnostic ultrasound into
a disable state during the prescribed duty ratio in a
period corresponding to the set desired HIFU PRF,
when the ultrasonic wave generator transmits the
high-intensity ultrasound wave as much as the pre-
scribed duty ratio in a period corresponding to the
prescribed HIFU PRF.

The HIFU therapeutic device of claim 3, wherein the
control unit instructs the transceiver to switch the
transmission state of the diagnostic ultrasound into
the enable state when the ultrasonic wave generator
stops transmitting the high-intensity ultrasound wave
based on the prescribed duty ratio.

The HIFU therapeutic device of claim 4, wherein the
transceiver receives an ultrasonic echo signal which
corresponds to the diagnostic ultrasound transmitted
to the subject as a second ultrasonic echo signal
reflecting a switching period of switching into the dis-
able state for the diagnostic ultrasound and a period
of switching into the enable state, to form a second
received signal.

The HIFU therapeutic device of claim 5, wherein the
image processor forms the B-mode image free from
interference due to the high-intensity ultrasound
wave, based on the second received signal, and out-
puts the B-mode image through the display unit.

The HIFU therapeutic device of claim 3, wherein the
control unit transmits a trigger signal to the ultrasonic
wave generator so that the ultrasonic wave genera-
tor transmits the high-intensity ultrasound wave,
when instructing the transceiver to switch the trans-
mission state of the diagnostic ultrasound into the
disable state according to the prescribed duty ratio.

The HIFU therapeutic device of claim 1, wherein the
ultrasonic wave generator generates a PRF disable
signal when transmitting the high-intensity ultra-
sound wave and transmits the PRF disable signal to
the transceiver or the control unit, and wherein the
control unit instructs the transceiver to switch the
transmission state of the diagnostic ultrasound into
a disable state while the control unit receives the
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PRF disable signal.

The HIFU therapeutic device of claim 8, wherein the
ultrasonic wave generator stops transmitting the
PRF disable signal when the transmission of the
high-intensity ultrasound wave is stopped, and
wherein the control unit instructs the transceiver to
switch the transmission state of the diagnostic ultra-
sound into an enable state while the control unitdoes
not receive the PRF disable signal.

The HIFU therapeutic device of claim 9, wherein the
transceiver receives an ultrasonic echo signal which
corresponds to the diagnostic ultrasound transmitted
to the subject as a third ultrasonic echo signal re-
flecting a switching period of switching into the dis-
able state according to the PRF disable signal and
a period of switching into the enable state, to form a
third received signal.

The HIFU therapeutic device of claim 10, wherein
the image processor forms the B-mode image free
from interference due to the high-intensity ultra-
sound wave and outputs the B-mode image through
the display unit.

The HIFU therapeutic device of claim 1, wherein the
control unit sets the prescribed HIFU PRF and the
prescribed duty ratio based on information inputted
by a user input unit.

A method for forming ultrasonic images using trans-
mitted and received signals for ultrasonic diagnosis,
the method comprising:

transmitting, by using a transceiver, a diagnostic
ultrasound to a subject and receiving an ultra-
sonic echo signal reflected from the subject to
form a received signal;

forming, by using animage processor, a B-mode
image based on the received signal and output-
ting the B-mode image through a display unit;
transmitting, by using an ultrasonic wave gen-
erator, a high-intensity ultrasound wave to a spe-
cific area of the subject; and

controlling, by using a control unit, the transceiv-
er and the ultrasonic wave generator to control
transmission periods of the diagnostic ultra-
sound and the high-intensity ultrasound wave
based on an information on at least one of a
prescribed HIFU PRF (Pulse Repetition Fre-
quency) and a prescribed duty ratio and a PRF
disable signal generated through the ultrasonic
wave generator.

The method of claim 13, wherein the controlling com-
prises instructing, by the control unit, the transceiver
to keep a transmission state of the diagnostic ultra-
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15.

16.

17.

18.

19.

20.

sound into an enable state until the arrival of a trans-
mission period of the high-intensity ultrasound wave
in the ultrasonic wave generator based on the pre-
scribed HIFU PRF and the prescribed duty ratio.

The method of claim 14, wherein the controlling com-
prises instructing, by the control unit, the transceiver
to switch the transmission state of the diagnostic ul-
trasound into a disable state during the prescribed
duty ratio in a period corresponding to the prescribed
HIFU PRF, when the ultrasonic wave generator
transmits the high-intensity ultrasound wave as
much as the prescribed duty ratio in a period corre-
sponding to the prescribed HIFU PRF.

The method of claim 15, wherein the controlling com-
prises instructing, by the control unit, the transceiver
to switch the transmission state of the diagnostic ul-
trasound into the enable state when the ultrasonic
wave generator stops transmitting the high-intensity
ultrasound wave according to the prescribed duty
ratio.

The method of claim 16, wherein the transmitting
and receiving comprises receiving, by the transceiv-
er, an ultrasonic echo signal which corresponds to
the diagnostic ultrasound transmitted to the subject
as a second ultrasonic echo signal reflecting a
switching period of switching into the disable state
for the diagnostic ultrasound and a period of switch-
ing into the enable state, to form a second received
signal.

The method of claim 17, wherein the processing of
the image comprises forming, by the image proces-
sor, the B-mode image free from interference due to
the high-intensity ultrasound wave, based on the
second received signal, and outputting the B-mode
image through the display unit.

The method of claim 15, wherein the controlling com-
prises transmitting, by the control unit, a trigger sig-
nal to the ultrasonic wave generator so that the ul-
trasonic wave generator transmits the high-intensity
ultrasound wave, when instructing the transceiver to
switch the transmission state of the diagnostic ultra-
sound into the disable state according to the pre-
scribed duty ratio.

The method of claim 13, wherein the controlling com-
prises:

generating, by using the ultrasonic wave gener-
ator, a PRF disable signal when transmitting the
high-intensity ultrasound wave, and transmitting
the PRF disable signal to the transceiver or the
control unit; and

instructing, by using the control unit, the trans-
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ceiver to switch the transmission state of the di-
agnostic ultrasound into a disable state while
the control unit receives the PRF disable signal.

The method of claim 20, wherein the controlling com-
prises:

stopping, by the ultrasonic wave generator, to
transmit the PRF disable signal when the trans-
mission of the high-intensity ultrasound wave is
stopped, and

instructing, by the control unit, the transceiver
to switch the transmission state of the diagnostic
ultrasound into an enable state while the control
unit does not receive the PRF disable signal.

The method of claim 21, further comprising receiv-
ing, by the transceiver, an ultrasonic echo signal
which corresponds to the diagnostic ultrasound
transmitted to the subject as a third ultrasonic echo
signal reflecting a switching period of switching into
the disable state according to the PRF disable signal
and a period of switching into the enable state, to
form a third received signal.

The method of claim 22, further comprising forming,
by the image processor, the B-mode image free from
interference due to the high-intensity ultrasound
wave and outputting the B-mode image through the
display unit.

The method of claim 13, further comprising setting
the prescribed HIFU PRF and the prescribed duty
ratio based on information inputted by a user input
unit.
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