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METHOD FOR CONFIRMING LOCATION OF
FOCAL POINT, AND ULTRASONIC
MEDICAL APPARATUS THEREFOR

TECHNICAL FIELD

[0001] The present disclosure relates to a method for con-
firming a focal point and an ultrasound medical apparatus
therefor, and more particularly, to a method for confirming a
focal point, for the purpose of pre-targeting the location of a
high-intensity ultrasound by synchronizing the generation
time of the high-intensity ultrasound with that of an imaging
ultrasound and using reflected signals of the synchronized
imaging and high-intensity ultrasounds from a focal point to
which the ultrasounds are transmitted, and an ultrasound
medical apparatus for implementing the method.

BACKGROUND

[0002] The statements in this section merely provide back-
ground information related to the present disclosure and do
not necessarily constitute prior art.

[0003] An ultrasound is a sound wave having a frequency
higher than an audio frequency. The ultrasound has a high
energy, and as a wave, it can be focused on a point. A human
tissue is necrotized at a temperature of 60° C. to 85° C., and
hence, when a thermal or mechanical energy is applied to a
tissue by increasing the intensity of the ultrasound and focus-
ing it on a point, the corresponding tissue can be removed.
This is referred to as a high-intensity focused ultrasound
(HIFU) (hereinafter, a “high-intensity ultrasound”) treat-
ment.

[0004] Using such a high-intensity focused ultrasound
eliminates a medical procedure such as an abdominal opera-
tion. Compared to a surgical operation and a chemical treat-
ment, a non-invasive treatment can be achieved, which causes
less damage to a patient.

[0005] On the other hand, with the treatment using the
high-intensity ultrasound based on the premise to destroy or
degenerate a treatment site of a patient, imprecisely con-
trolled focusing can destroy or degenerate areas other than the
treatment site. Therefore, the precise focal point of the high-
intensity ultrasound needs to be confirmed before or while
performing a treatment using the high-intensity ultrasound.

DISCLOSURE

Technical Problem

[0006] The present disclosure has been made in an effort to
effectively resolving at least a part of the above-mentioned
problems, and it is an object of some embodiments of the
present disclosure to provide a method of confirming a focal
point, for the purpose of pre-targeting the location of a high-
intensity ultrasound by synchronizing the generation time of
the high-intensity ultrasound with that of an imaging ultra-
sound and using reflected signals of the synchronized imag-
ing and high-intensity ultrasounds from a focal point to which
the ultrasounds are transmitted, and an ultrasound medical
apparatus for implementing the method.

SUMMARY

[0007] According to some embodiments of the present dis-
closure, an ultrasound medical apparatus is provided, which
includes an imaging transducer including a plurality of trans-
ducer elements each configured to transmit an imaging ultra-
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sound to a target object, a plurality of treatment transducers
each configured to transmit a high-intensity ultrasound to a
focal point corresponding to a specific focal-point informa-
tion of the target object, a synchronizing unit configured to
synchronize transmission times of the imaging ultrasound
and the high-intensity ultrasound to render the imaging ultra-
sound and the high-intensity ultrasound to reach the focal
point at the same time, and an image processing unit config-
ured, after the imaging ultrasound and the high-intensity
ultrasound are transmitted in a synchronized manner, to gen-
erate an image picture based on echo signals received by the
imaging transducer.

[0008] According to another embodiment of the present
disclosure, a method is provided for confirming a focal point
on an image picture in an ultrasound medical apparatus
including an imaging transducer including a plurality of
transducer elements each configured to transmit an imaging
ultrasound and a plurality of treatment transducers each con-
figured to transmit a high-intensity ultrasound, the method
including synchronizing transmission times of the imaging
transducer and the treatment transducers to render the imag-
ing ultrasound and the high-intensity ultrasound to reach the
focal point at the same time, and generating, after the imaging
ultrasound and the high-intensity ultrasound are transmitted
in a synchronized manner, the image picture based on an echo
signal received by the imaging transducer.

Advantageous Effects

[0009] According to some embodiments of the present dis-
closure as described above, a focal point, for pre-targeting a
location of a high-intensity ultrasound, can be confirmed by
synchronizing the generation times of the high-intensity and
imaging ultrasounds and using reflected signals of the syn-
chronized imaging and high-intensity ultrasounds from a
focal point to which the ultrasounds are transmitted.

[0010] Further, according to some embodiments, by syn-
chronizing generation times of the high-intensity ultrasound
and the imaging ultrasound, an ultrasound image displaying
the focal point of the high-intensity ultrasound can be
acquired, and thereby possibly improper focal point can be
automatically compensated.

[0011] Moreover, according to some embodiments, the cor-
rect and precise focal point can be confirmed in the course of
a treatment, as well as before performing the treatment.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG.1isaschematic block diagram of anultrasound
medical apparatus according to some embodiments of the
present disclosure.

[0013] FIG. 2 is a schematic block diagram of an image
processing unit according to some embodiments.

[0014] FIGS. 3A and 3B are schematic diagrams for illus-
trating a beam forming process by a transducer array accord-
ing to some embodiments.

[0015] FIG. 4 is a schematic diagram for illustrating a
reception directivity of the transducer array according to
some embodiments.

[0016] FIGS. 5A and 5B are schematic diagrams for illus-
trating a process of generating an ultrasound by a transducer
unit under the control of a synchronizing unit according to
some embodiments.
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[0017] FIGS. 6A-6C are schematic diagrams of a virtual
channel and a treatment channel according to some embodi-
ments.

[0018] FIG. 7 is a schematic diagram for illustrating an
actual application of the reception directivity according to
some embodiments.

[0019] FIG. 8 is a schematic diagram of an image picture
displaying a focus and a graph of a reception signal in a
focusing direction received by an imaging transducer accord-
ing to some embodiments.

[0020] FIG. 9 is a flowchart of a method for confirming a
focal point of a high-intensity ultrasound according to some
embodiments.

[0021]
REFERENCE NUMERALS

110: Treatment Transducer 120: Imaging Transducer

125: Transducer Unit 130: Image Processing Unit

140: Synchronizing Unit 150: Control Unit

160: Storage Unit 170: Input Unit

180: Display Unit 210: First Transmit Beamformer

220: Second Transmit Beamformer ~ 230: Transmit Beamformer

240: Receive Beamformer 250: Beamformer Unit

260: Signal Processing Unit 270: Scan Converter

310: Delay Circuit 320: Summing Circuit

510: Focal Point
620: Treatment Channel

610: Virtual Channel

DETAILED DESCRIPTION

[0022] Hereinafter, at least one embodiment of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0023] In some embodiments, in order to confirm (pre-
target) a precise focal point of a high-intensity ultrasound, the
high-intensity ultrasound is transmitted in a form of pulse,
and a reflected wave in the form of pulse is received and
imaged by animaging transducer 120. A scanline described in
some embodiments refers to a region where the imaging
transducer 120 transmits and receives an imaging ultrasound,
which is equivalent to a graphic area generated by a single
transmission and reception.

[0024] FIG.1is aschematic block diagram of'an ultrasound
medical apparatus according to some embodiments.

[0025] An ultrasound medical apparatus 100 includes a
transducer unit 125, an image processing unit 130, a synchro-
nizing unit 140, a control unit 150, a storage unit 160, an input
unit 170 and a display unit 180.

[0026] The transducer unit 125 converts an input electrical
signal into an ultrasound or vice versa. The transducer unit
125 includes a treatment transducer 110 and an imaging
transducer 120 attached or provided on a support unit (not
shown).

[0027] The treatment transducer 110 generates a high-in-
tensity ultrasound in a periodic manner based on a control
signal inputted from the image processing unit 130, and trans-
mits the high-intensity ultrasound to an affected area (focal
point). According to some embodiments, the treatment trans-
ducer 110 generates the high-intensity ultrasound in a form of
pulse with an intensity within a range that does not destroy a
tissue of a treatment region, in order to confirm a precise focal
point 510. However, when the control unit 150 confirms the
focal point as a correct location, the treatment transducer 110
transmits a continuous high-intensity ultrasound for treat-
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ment to the focal point. The treatment transducer 110 is con-
trolled to focus the high-intensity ultrasound on the focal
point 510. The treatment transducer 110 is not necessarily a
transducer array since it needs no such transducer elements
for rapidly and precisely controlling the direction of the ultra-
sound, although such a transducer array may be used as the
treatment transducer 110 in order to precisely control or eas-
ily change the focal point.

[0028] Thetransducer array refers to a transducer including
aplurality of transducers in an array and generating or receiv-
ing an ultrasound in response to an electrical signal. There-
fore, each transducer that generates the ultrasound in the
transducer array is a separate transducer; however, each trans-
ducer that generates the ultrasound will be referred to as a
transducer element in order to distinguish it from the trans-
ducer array. The transducer array is configured to control
ultrasound generation timing of each transducer element so as
to change a direction ofthe ultrasound, when an image may be
generated by grouping the transducer elements dedicated to
different scanlines from each other.

[0029] The imaging transducer 120 generates an imaging
ultrasound based on the control signal inputted from the
image processing unit 130, and transmits the imaging ultra-
sound in a designated direction. Further, the imaging trans-
ducer 120 receives and converts a wave reflected from the
designated direction into an electrical signal, and transmits
the same to the image processing unit 130. The imaging
transducer 120 transmits the imaging ultrasound in a straight
line and receives the reflected wave in order to generate a 2D
image of a region to be ultrasound imaged. Hence the imaging
transducer 120 receives a single straight line image per trans-
mission of the imaging ultrasound. The imaged region from a
single cycle of the imaging ultrasound transmission and
reception is called a scanline. An image of a single frame is
obtained by repeating a process of sequentially transmitting
the imaging ultrasound in the respective scanlines and col-
lecting data.

[0030] The image processing unit 130 generates an electri-
cal signal for generating the imaging ultrasound and the treat-
ment ultrasound, or converts a converted electrical signal
from an echo signal into an image signal. Specifically, the
image processing unit 130 receives synchronized ultrasound
generating signals under the control of the synchronizing unit
140 and generates an ultrasound generating signal for each
transducer element set by the direction of the ultrasound
before inputting the generated signal to each corresponding
transducer element. Further, the image processing unit 130
converts electrical signals generated by the transducer ele-
ments each receiving an ultrasound, into a single electrical
signal, and converts the electrical signal into an image signal.
[0031] A method for generating an image picture by the
image processing unit 130 is as follows. A target region in an
ultrasound image is divided into a plurality of scanlines
according to the transmission directions of imaging ultra-
sounds. The imaging transducer 120 operates to transmit an
imaging ultrasound for each of the scanlines. The imaging
transducer 120 receives an echo signal of the imaging ultra-
sound it transmitted. At this time, each scanline brightness
image (B-mode image) is obtained with its location specified
based on the time between the transmission time and the
reception time. The imaging transducer 120 repeats this pro-
cess, to acquire images of a plurality of scanlines. The image
processing unit 130 forms one frame by displaying the plu-
rality of scanlines, thus generating an image picture. There-
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fore, the location of an object appearing on the image picture
is generally determined by the time between the transmission
time of the imaging ultrasound by the imaging transducer 120
and the reception time of the reflected imaging ultrasound by
the imaging transducer 120. Determining the location of an
object appearing on the image picture is supposed to be pet-
formed based normally on the time required to receive
reflected imaging ultrasound by the imaging transducer 120
after the imaging ultrasound is reflected at the object. How-
ever, this can be replaced by halving the time required for the
imaging transducer 120 to generate the imaging ultrasound
and receive the reflected imaging ultrasound, and hence the
time between the transmission and reception times serves as
the basis for displaying the picture.

[0032] A process is described below for synchronizing
times at which the imaging ultrasound and the high-intensity
ultrasound reach a specific location (focal point) by the syn-
chronizing unit 140. The synchronizing by the synchronizing
unit 140 equalizes the time for the imaging ultrasound to be
reflected at the object and for reflected echo signal thereof to
be received by the transducer to that of the high-intensity
ultrasound to be reflected and its reflected echo signal to be
received. Even if the pictures of the ultrasounds generated by
the treatment transducer 110 and the imaging transducer 120
are displayed at once, coordinates of a specific location (focal
point) coincide when displayed.

[0033] The synchronizing unit 140 synchronizes the ultra-
sound generation times of the treatment transducer 110 and
the imaging transducer 120. Specifically, the synchronizing
unit 140 receives an input of a region of focusing the high-
intensity ultrasound generated by the treatment transducer
110, from the input unit 170 or the control unit 150. The
synchronizing unit 140 controls (synchronizes) the trans-
ducer unit 125 such that the imaging ultrasound and the
high-intensity ultrasound simultaneously reach this focal
point. The synchronization mentioned here means to syn-
chronize the ultrasound generation times by calculating trav-
eling times of the ultrasounds based on a distance between
each of the transducers and the focal point. A synchronization
method can be determined differently for each scanline. In
some embodiments, the synchronizing unit 140 generates
synchronized signals with their ultrasound generation times
adjusted to generate the ultrasound by the imaging transducer
120 through scanning the region after the synchronization at
a preset focal point if crossed by the scanline or by its preset
range that is crossed by the scanline while scanning other
regions without synchronization or skipping an ultrasound
generation by the treatment transducer 110.

[0034] The ultrasound medical apparatus 100 according to
some embodiments is useful because it obviates the need for
any special process but an operation of the control unit 150 in
obtaining an image having a typical ultrasound image with
the focal point of the high-intensity ultrasound co-displayed.
In some embodiments, the synchronizing unit 140 is illus-
trated as a separate block although it represents one of func-
tional sections of the control unit 150. However, the present
disclosure covers the synchronizing feature regardless of how
the functionality of the synchronizing unit 140 is imple-
mented.

[0035] The synchronizing unit 140 establishes virtual
channels 610 respectively for scanlines of transducer ele-
ments of the imaging transducer 120, and determines the
transmission times of the treatment channels 620 based on the
locations of the virtual channels 610 and respective channels
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of the treatment transducers 110 and the focal point location.
Hereinafter, the virtual channels 610 and the respective chan-
nels of the treatment transducers 110 are collectively referred
to as “treatment channels 620.” In some embodiments, the
multiple virtual channels 610 may be replaced by at least one
channel.

[0036] In some embodiments, the synchronizing unit 140
establishes the virtual channels 610 exclusively with the
transducer element corresponding to a scanline that passes
through the focal point among the transducer elements of the
imaging transducer 120.

[0037] In some embodiments, the synchronizing unit 140
establishes the virtual channels 610 exclusively with the
transducer element corresponding to a scanline that is closest
to the focal point among the transducer elements of the imag-
ing transducer 120.

[0038] Based on an arrival time information (T,) required
for ultrasounds of the imaging ultrasound and high-intensity
ultrasound transmitted through the treatment channels 620 to
reach the focal point and on a maximum arrival time infor-
mation (Max(T,)) among a plurality of pieces of the arrival
time information (T,), the synchronizing unit 140 calculates a
delay time information (t,) for each of the treatment channels
620 and determines the transmission times of the treatment
channels 620 based on the respective delay time information
(T,):

[0039] The synchronizing unit 140 calculates the delay
time information (t,) respectively for the treatment channels
620 by subtracting the respective arrival time information (T;)
from the maximum arrival time information (Max(T),)).
[0040] By applying the respective delay time information
(T,) to the transmission times in the treatment channels 620,
which correspond to the maximum arrival time information
(Max(T,)), the synchronizing unit 140 determines the trans-
mission times in the other treatment channels 620.

[0041] The synchronizing unit 140 calculates the respec-
tive arrival time information (T,) based on traveling speed
information (C) at which the imaging ultrasound and the
high-intensity ultrasound travel in a medium of the target
object, focal-point coordinate values (£, f, f) corresponding
to the focal point, and channel coordinate values (e, ,, e, ,
e. ;) corresponding to the treatment channels 620.

[0042] The synchronizing unit 140 calculates a distance
difference information between the focal-point coordinate
values (f, T, T,) and the channel coordinate values (e, e, ,
€, ;) on a rectangular coordinate system, and takes values
obtained by dividing the distance difference information by
the traveling speed information (C) as the respective arrival
time information (T)).

[0043] The synchronizing unit 140 takes coordinates of a
transducer element located at a center among the transducer
elements constituting the virtual channels 610 as the channel
coordinate values of the virtual channels 610.

[0044] The synchronizing unit 140 repeats a process of
establishing a virtual channel 610 in a manner that a partial
image picture for a single scanline is formed in one cycle of
the high-intensity ultrasound until a frame of the image pic-
tures is formed.

[0045] One ofthe features in some embodiments is that the
synchronizing unit 140 synchronizes the ultrasound genera-
tion timings of the treatment transducer 110 and the imaging
transducer 120 via the delay time, thus displaying the focal
point on the image picture. At this time, the high-intensity
ultrasound echo signal can be irrelevant of a scanning direc-
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tion of the imaging transducer 120 when it is received by the
imaging transducer 120 from the focal point 510, which
causes no problem in the present disclosure. Such directional
irrelevancy is overcome by the imaging transducer 120
formed of a transducer array, wherein the high-intensity ultra-
sound echo signal at the focal point is displayed as a strong
signal when the scanning direction is toward the focal point,
and the high-intensity ultrasound echo signal at the focal
point is displayed as a noise when the scanning is not directed
to the focal point. This is described in detail later with refer-
ence to FIGS. 3 and 4.

[0046] The control unit 150 controls the overall functions
of the ultrasound medical apparatus 100, receives informa-
tion on the focal point of a user from the input unit 170, or
re-adjusts the orientation of the treatment transducer 110
based on the image picture. The control unit 150 further stores
the generated image picture in the storage unit 160, and
outputs the stored image picture.

[0047] The display unit 180 displays an image signal gen-
erated by the image processing unit 130. The storage unit 160
stores the image picture generated by the image processing
unit 130 or an adjustment value of each transducer corre-
sponding to the specific focal point 510. The adjustment value
of the transducer includes information on a steered angle of
each transducer or the ultrasound generation time.

[0048] FIG. 2 is a schematic block diagram of an image
processing unit according to some embodiments.

[0049] The image processing unit 130 includes a beam-
former unit 250, a signal processing unit 260 and a scan
converter 270. The beamformer unit 250 delays, in a trans-
ducer array including a plurality of transducer elements, an
electrical signal appropriate for the corresponding transducer
to convert an electrical signal into an appropriate electrical
signal for each of the transducer elements, or it delays and
sums electrical signals converted at the respective transducer
elements, to calculate an output value of the corresponding
transducer. The beamformer unit 250 includes a transmit
beamformer 230 and a receive beamformer 240.

[0050] By adjusting a magnitude of the time delay of the
electrical signal to be inputted to the transducer unit 125, the
transmit beamformer 230 generates an electrical signal to be
inputted to each transducer or the transducer elements of the
transducer array. The transmit beamformer 230 includes a
first transmit beamformer 210 and a second transmit beam-
former 220.

[0051] The first transmit beamformer 210 is coupled to the
treatment transducer 110. In some embodiments, the treat-
ment transducer 110 is not formed of a transducer array,
where the first transmit beamformer 210 inputs a single signal
for generating an ultrasound at precise timing to the treatment
transducer 110 under a control of the synchronizing unit 140.
Insome embodiments, the treatment transducer 110 is a trans-
ducer array, where the first transmit beamformer 210 is simi-
lar to the second transmit beamformer 220 in terms of func-
tion.

[0052] The second transmit beamformer 220 is coupled to
the imaging transducer 120. In some embodiments, the imag-
ing transducer 120 is a transducer array as described above,
and the second transmit beamformer 220 divides and delays a
single signal for generating an ultrasound at precise timing,
generates an electrical signal appropriate for each transducer
element, and inputs the electrical signal to the imaging trans-
ducer 120, under a control of the synchronizing unit 140.
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[0053] The receive beamformer 240 aggregates the electri-
cal signals received by transducer elements respectively, and
converts those signals into a single electrical signal for use as
an image signal. The transducer array as the imaging trans-
ducer 120 has its multiple transducer elements respectively
converting the ultrasounds into electrical signals, and hence
each electrical signal has a different form depending on the
path of each ultrasound. The receive beamformer 240 utilizes
a method for converting electrical signals to have a common
phase through a time delay compensative for path differences
between different signal paths and superimposing the com-
pensated signals into a single electrical image signal. Details
on the operations of the second transmit beamformer 220 and
the receive beamformer 240 are described later with reference
to FIGS. 3 and 4.

[0054] The signal processing unit 260 is a module for con-
verting an echo signal into a desired signal. The electrical
signal inputted from the imaging transducer 120 is a reflected
wave of a pulsed wave, which is inputted as a form of wave.
For a Doppler image, the electrical signal is converted into a
signal calculated by the Doppler formula, and for a B-mode
image, it is converted into a signal in which amplitude is
converted into brightness.

[0055] The scan converter 270 converts the image picture
into data of a format that is used in the display unit 180 of a
predetermined scanline display system. The scan converter
270 stores images for observing and recording while trans-
mission and reception of the imaging ultrasound is per-
formed, and converts electrical signals received by each scan-
line into image data that can be displayed on the display umt
180.

[0056] FIG. 3 isa schematic diagram for illustrating a beam
forming process by a transducer array according to some
embodiments.

[0057] The transducer of the transducer unit 125 refers to a
device for converting electrical signal into mechanical energy
or for converting mechanical energy into electrical signal.
The transducer of the transducer unit 125 is achieved by using
a piezoelectric element, and hence both the functions of con-
verting the electrical signal into the mechanical energy and
converting the mechanical energy into the electrical signal
can be achieved with a single element.

[0058] The transducer array of the transducer unit 125
refers to an array of transducer elements in which a plurality
of transducer elements is tightly arranged. The transducer
element is achieved by using a piezoelectric element, and
takes a role of generating or receiving an ultrasound. The
transducer elements of the transducer array are configured to
respectively receive or generate different signals, and hence
they operate a manner independent from each other. The
transmit beamformer 230 controls the traveling direction of
each ultrasound by applying a different time delay on an
electrical signals for generating ultrasound for each of the
transducer elements of the transducer array depending on the
location of the transducer element.

[0059] In the example shown in FIG. 3A, the transducer
array of the transducer unit 125 generates the ultrasound in
the left direction. The electrical signal for generating the
imaging ultrasound or the high-intensity ultrasound, which is
synchronized by the synchronizing unit 140 is converted into
a signal that is appropriately delayed depending on the loca-
tion of the transducer element by the transmit beamformer
230. Each transducer element generates an ultrasound based
on the received signal. As the transducer element can be
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considered as a point wave source by the Huygens’ Principle,
and hence a plane wave having a path difference by the
delayed time of the signal is generated. When the speed of
ultrasound in the same medium is C, a relation between a time
delay At, and a path difference Al, between ultrasound gen-
eration transducer elements shown in FIG. 3 is represented by
Equation 1. In general, C is assumed to be constant regardless
of the frequency, at 1540 m/s that is the sound speed in a soft
tissue.

Al Equation 1

[0060] In other words, because there exists a path differ-
ence depending on the transmission direction and the location
of the transducer element, when transmitting an ultrasound,
the transducer array of the transducer unit 125 generates the
ultrasound based on a signal obtained by delaying an ultra-
sound generating signal considering the path difference. Not
only when generating the imaging ultrasound, but also when
receiving an ultrasound, such a path difference exists depend-
ing on the reception direction. Accordingly, when receiving
an ultrasound, the transducer array of the transducer unit 125
receives it as a signal with a constructive interference by time
delaying the signal received by each transducer element
depending on the path difference.

[0061] In the example shown in FIG. 3B, the transducer
array of the transducer unit 125 receives an ultrasound from
the left direction. The echo signal is converted into a signal
that is appropriately delayed depending on the location of
each transducer element and summed by the receive beam-
former 240. Although the output image signal should be a
single signal because the image is a single image, as the
transducer array receives a number of ultrasounds having a
path difference from each other depending on the locations of
the transducer elements, a number of signals are generated. A
delay circuit 310 delays and synchronizes each signal appro-
priately for the path difference. A summing circuit 320 com-
poses the synchronized signals, to convert them into a single
signal with the constructive interference.

[0062] In other words, as an incident angle of the reflected
wave is determined by the transmission direction, the trans-
ducer array composes the input signals into a single signal
with the constructive interference by applying a time delay
corresponding to the incident angle.

[0063] In general, a directivity is not considered in receiv-
ing an ultrasound in an ultrasound apparatus, because one
precludes a case where ultrasounds are simultaneously input-
ted from different directions from each other; however, as the
time delay required for the constructive interference changes
with the incident angle, an input wave inputted from an unex-
pected direction is not included in the constructive interfer-
ence, and hence the reception of an ultrasound has the direc-
tivity.

[0064] The directivity emploved in some embodiments
refers to a phenomenon in which, particularly in converting
the ultrasound into the electrical signal by the transducer
array, an ultrasound received from a specific direction is
dominantly converted into the electrical signal, and ultra-
sounds received from the other directions are detected as a
noise.
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[0065] FIG. 4 is a schematic diagram for illustrating a
reception directivity of the transducer array according to
some embodiments.
[0066] In FIG. 4, an electrical signal is shown, which is
generated when another ultrasound is received from the right
direction that is opposite to the reception direction of the
ultrasound received in the process of transmitting the ultra-
sound and receiving the reflected wave in the left direction as
shown in FIGS. 3A and 3B. Hereinafter, the left direction is
referred to as direction (1), and the right direction is referred
to as direction @
[0067] As described with reference to FIG. 3B, the ultra-
sounds received from direction @ are composed into a single
signal and amplified, after converting signals received by the
transducer elements on the opposite sides into the same signal
by increasing the delay as the transducer element is located on
the left side. On the contrary, in the case of the ultrasounds
received from direction (2), although the transducer element
on the left side generates a signal later than the transducer
element on the right side, because the delay is increased as the
transducer element is located on the left side, which is similar
to the signal received from direction @, the compensation for
the path difference is decreased as the transducer element is
located on the left side. Accordingly, the ultrasounds received
from direction @ are not converted into the same signal by
the time delay, and hence they are composed as distributed
signals without the constructive interference. When the ultra-
sounds are inputted at the same angle with intervals of the
same width (D), so that a path difference is generated by AL,
a time difference of At is generated. Therefore, when the
ultrasound is inputted from direction @, the signal inputted
atthe left side is delayed by At, to synchronize it with the same
time/however, when the ultrasound is inputted from direction
, time intervals between the signals are increased by 2At
with the same delay. Therefore, in the case of the transducer
array, a signal of the incident angle that is compensated by the
time delay is subjected to the constructive interference, and a
signal of the incident angle that is not compensated by the
time delay is spread on the time axis and detected as a noise.
[0068] FIG. 5A is a schematic diagram for illustrating the
transducer unit generating an ultrasound under a control of
the synchronizing unit according to some embodiments.
[0069] The transducer unit 125 includes the treatment
transducer 110 and the imaging transducer 120 as mentioned
in the description of FIG. 1. The imaging transducer 120
scans an image of a predetermined region, and hence it scans
for each scanline from one end line 530 to the other end line
570 with reference to the point where the imaging transducer
120 is located.
[0070] The treatment transducer 110 generates an ultra-
sound with a treatment position as the focal point 510. Asitis
hard to acquire an image by the imaging transducer 120 if the
ultrasound is continuously generated, the treatment trans-
ducer 110 periodically generates a pulse signal. At this time,
a path difference occurs in the distance to the focal point 510
depending on the location of the treatment transducer 110. In
order to make sure that the high-intensity ultrasound simul-
taneously reaches the focal point 510, this path difference
should be compensated. The path difference and a time inter-
val for generating the ultrasound by compensating for the
path difference are shown in the figure. An ultrasound path at
the treatment transducer 110 that is farthest from the focal
point 510 and an ultrasound path at another treatment trans-
ducer 110 are selected. The path difference can be obtained by
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subtracting a distance between the focal point 510 and
another treatment transducer 110 from a distance between the
focal point 510 and the treatment transducer 110 that is far-
thest from the focal point 510. Considering this path differ-
ence, a delayed ultrasound is generated from another treat-
ment transducer 110. By adjusting the time for generating the
ultrasound at the treatment transducer 110 in this manner, the
ultrasounds generated from the treatment transducer 110
simultaneously reach the focal point 510. In a similar manner,
the time for generating the ultrasound is adjusted for the
imaging transducer 120. The high-intensity ultrasound and
the ultrasound generated by the imaging transducer 120 have
the same speed in the same medium, and hence the same delay
is applied to make the ultrasounds reach the focal point 510 at
the same time. In this manner, the times for the ultrasound
generated by the treatment transducer 110 and reflected at the
focal point 510 and the ultrasound generated by the imaging
transducer 120 and reflected at the focal point 510 to reach the
imaging transducer 120 are adjusted to be same as that for
each other.

[0071] FIG. 5A is a schematic diagram of the transducer
unit 125 in which the imaging transducer 120 is arranged at
the center and the treatment transducer 110 is arranged on
both sides in a line-symmetric manner with respect to the
imaging transducer 120. When the focal point is set below the
imaging transducer 120, the treatment transducer 110 located
at each of both ends is the treatment transducer 110 that is
farthest from the focal point 510. The synchronizing unit 140
controls the beamformer unit 250 based on this configuration,
to adjust the ultrasound generation times of the treatment
transducer 110 and the imaging transducer 120. Any trans-
ducer can be the basis for adjusting the ultrasound generation
time; however, as the beamformer employs a delay circuit, a
method of determining the delay amount based on the trans-
ducer that is farthest from the focal point, which first gener-
ates the ultrasound, is described below. Describing the
method of determining the delay amount of a neighboring
transducer based on the transducer that is farthest from the
focal point, a transducer having a distance from the focal
point shorter than that of the transducer that is farthest from
the focal point 510 has a path difference by a difference
between the distances to the focal point. The ultrasound needs
to be transmitted with a time delay corresponding to the time
for the ultrasound to travel the corresponding path difference
to make the arrival times equal to each other, and hence a
delay time T for delaying the ultrasound generation time of
the corresponding transducer is set by dividing the path dif-
ference calculated for each transducer by the speed of the
ultrasound. This is an example of how to calculate the delay
time information based on the length of the path difference.

[0072] The delay time information is described below
based on the time required for the ultrasound reach the focal
point 510 from each transducer.

[0073] The closest transducer has a distance from the focal
point 510 shorter than that of the farthest transducer, and
hence it should generate the ultrasound later in time than the
farthest transducer. The delay time information T is calculated
by dividing this path difference by the traveling speed infor-
mation C of the imaging ultrasound and the high-intensity
ultrasound.

[0074] In some embodiments, the ultrasound generation
delay time information T is calculated in a manner that, based
on a transducer having the longest time for the ultrasound to
reach the focal point from the transducer (i.e., the farthest
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transducer) determined by calculating the time for the ultra-
sound to reach the focal point from each transducer, times at
which the ultrasounds generated by the rest of the transducers
respectively reach the focal point become equal to each other.
[0075] A time T, required for the ultrasound to reach the
focal point 510 from the ith transducer can be obtained by
calculating a straight distance between the focal point 510
and the ith transducer based on three-dimensional coordi-
nates of the focal point 510 and the transducer and dividing
the straight distance by the speed of the ultrasound, as repre-
sented by Equation 2.

TAUCY (e, V4,0, +fime, )

[0076] InEquation 2, T, is time required for the ultrasound
to reach the focal point 510 from the ith transducer (herein-
after, “arrival time information”), C is traveling speed infor-
mation of the imaging ultrasound and the high-intensity ultra-
sound in the medium, f_ is x-coordinate of the coordinates of
the focal point, f, is y-coordinate of the coordinates of the
focal point, f, is z-coordinate of the coordinates of the focal
point, e_,, is x-coordinate of the coordinates of the ith treat-
ment channel, e, ,isy-coordinate of the coordinates of the ith
treatment chanrel, and e, , is z-coordinate of the coordinates
of the ith treatment channel. In this case, the three-dimen-
sional coordinates are represented as coordinates on the rect-
angular coordinate system.

[0077] Now that the time for the ultrasound to reach the
focal point 510 from each transducer is obtained, the ultra-
sound generation time synchronized for the ultrasound to
simultaneously reach the focal point 510 for each transducer
can be represented in a form of being delayed by the delay
time information T from the ultrasound generation time of the
transducer that is farthest from the focal point 510.

[0078] The delay time information t for each transducer is
represented by Equation 3.

Equation 2

T Max(T))- 7,

[0079] In Equation 3, T, is relative delay time of the ultra-
sound generation time of the ith transducer from the ultra-
sound generation time of the farthest transducer, Max(T,) is
maximum arrival time information indicating the largest
value among values of T, calculated by Equation 2, T, is
arrival time information required for the ultrasound to reach
the focal point 510 from the ith transducer.

[0080] In this manner, the synchronizing unit 140 controls
the beamformer unit 250 by calculating the delay time infor-
mation T for each transducer, to generate the ultrasound.
[0081] The imaging transducer 120 is not necessarily
located at the center, each transducer is not necessarily
arranged on the same plane, and the treatment transducer 110
is not necessarily arranged in the symmetric manner. So long
as each transducer is arranged in a synchronized manner
under the control of the synchronizing unit 140, such that the
imaging ultrasound and the high-intensity ultrasound simul-
taneously reach the focal point 510, which is the main feature
in some embodiments, any mode is included in the scope of
the present disclosure.

[0082] Intheabove description, the imaging transducer 120
is synchronized with the high-intensity ultrasound to scan a
single scanline. The imaging transducer 120 forms a single
frame by scanning all scanlines corresponding to the single
frame, and hence an image of a single frame can be obtained
by repeating the process of transmitting and receiving the
synchronized ultrasound while changing the scanlines.

Equation 3
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[0083] A scanline that is closest to the focal point 510
receives the echo signal of the high-intensity ultrasound
reflected at a location that is closest to the focal point 510;
however, a scanline that is far from the focal point 510 detects
the echo signal of the high-intensity ultrasound reflected at a
location near the focal point 510 as a noise due to the direc-
tivity. Therefore, a single frame of an image picture can be
obtained by repeating a process in which the imaging trans-
ducer 120 corresponding to a scanline that passes the focal
point 510 or a scanline that passes vicinity of the focal point
510 performs a scanning by transmitting and receiving the
imaging ultrasound synchronized with the treatment trans-
ducer 110 and receiving the high-intensity ultrasound, and the
imaging transducer 120 corresponding to a scanline that is
deviated from the focal point 510 performs a scanning by
transmitting and receiving an ultrasound that is not synchro-
nized with the treatment transducer 110. The process of per-
forming a scanning by transmitting and receiving an ultra-
sound (imaging ultrasound and high-intensity ultrasound)
that is not synchronized includes a process of scanning while
the treatment transducer 110 does not operate.

[0084] FIG. 5B is a schematic diagram of the transducer
unit 125 of a circular focusing type according to some
embodiments.

[0085] When the transducers are arranged on a surface of a
sphere and the center of the sphere is set as the focal point, all
the transducers have the same distance to the focal point 510,
and hence all the transducers are controlled to generate the
ultrasound at the same time. The direction of the imaging
transducer 120 is continuously changed as it sequentially
scans a predetermined region, and the treatment transducer
110 generates the ultrasound in a fixed direction to the focal
point 510.

[0086] In some embodiments, the imaging transducer 120
is configured as the transducer array as described above. In
some embodiments, the imaging transducer 120 performs a
scanning by using a specific transducer element set for each
scanline. A transducer array is shown in FIG. 5B, which
includes a first transducer element set 535 corresponding to a
first scanline 530, a second transducer element set 545 corre-
sponding to a second scanline 540, a third transducer element
set 555 corresponding to a third scanline 550, a fourth trans-
ducer element set 565 corresponding to a fourth scanline 560,
and a fifth transducer element set 575 corresponding to a fifth
scanline 570.

[0087] Each of the transducer element sets operates as if it
is an independent imaging transducer 120 in a sense of cre-
ating an image picture corresponding to the scanline, and only
aneighboring transducer element set operates at a single scan
timing among the transducer element sets. As shown in FIG.
5A, a transducer element set corresponding to a scanline that
passes the focal point 510 or a scanline that passes vicinity of
the focal point 510 should transmit the imaging ultrasound at
the time synchronized with the treatment transducer 110, and
alocation of the transducer element set should be specified to
perform the synchronization. It is because the synchronizing
unit 140 can calculate the path difference of the treatment
transducer 110 and the transducer element set with respect to
the focal point 510 only when the location is specified.
[0088] As each of the transducer element sets operate as if
it is an independent imaging transducer 120, the location of
each of the transducer element sets is defined by the center
point of the transducer element set. Therefore, the location of
the first transducer element set 535 is defined by a first trans-
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ducer element center point 537, the location of the second
transducer element set 545 is defined by a second transducer
element center point 547, the location of the third transducer
element set 555 is defined by a third transducer element center
point 557, the location of the fourth transducer element set
565 is defined by a fourth transducer element center point
567, and the location of the fifth transducer element set 575 is
defined by a fifth transducer element center point 577. The
synchronization is performed by taking this location as the
coordinates of the treatment channel in Equation 2.

[0089] In this case, as shown in FIG. 5B, the scanline that
passes the focal point 510 can synchronize the third scanline
550 or the second and fourth scanlines 540 and 560 that are
relatively close to the focal point 510.

[0090] In the transducer array, the number of scanlines is
determined according to the resolution, and hence it is typical
to include 128 or more scanlines; however, in the example
shown in FIG. 5B, it is assumed to include five scanlines for
the sake of explanation. The number of scanlines or the num-
ber of transducer element sets is not limited to the example
shown in FIG. 5B in practice, but any number larger than five
can be applied.

[0091] FIGS. 6A and 6B are schematic diagrams of a vir-
tual channel and a treatment channel according to some
embodiments.

[0092] FIG. 6A is a schematic diagram for illustrating a
virtual channel 610 in the sphere focusing type transducer
unit according to some embodiments. In some embodiments,
the virtual channel 610 includes a plurality of channels (at
least one or more channel); however, the present disclosure is
not limited to this scheme, but in some embodiments, the
virtual channel 610 includes a single channel.

[0093] As a synchronized ultrasound should be generated
when the imaging transducer 120 generates the imaging ultra-
sound, the ultrasound generation time should be specified.

[0094] The synchronizing unit 140 recognizes the virtual
channel 610 for each scanline of the imaging transducer 120.

[0095] FIG. 6B is a schematic diagram for illustrating a
treatment channel in the sphere focusing type transducer unit
according to some embodiments. The treatment transducer
110 is controlled in a manner that the high-intensity ultra-
sounds simultaneously reach the focal point by the synchro-
nizing unit 140, and each control target is referred to as a
treatment channel 620. The virtual channel 610 described
with reference to FIG. 6A is recognized as a sort of the
treatment channel 620, and the arrival times of the imaging
ultrasound and the high-intensity ultrasound are synchro-
nized based on information on distance differences between
the focal point and the location of the treatment channel as if
the treatment channel 620 is controlled. With this method as
well, the same effect as that of the configuration and the
method described with reference to FIG. 5A can be obtained.

[0096] In other words, the virtual channel 610 is a channel
that is included in the treatment channel 620 for focusing the
high-intensity ultrasound. While the treatment channel 620 is
a channel for controlling a number of high-intensity ultra-
sounds to reach the focal point 510 at the same time and
focusing the high-intensity ultrasounds, the virtual channel
610 is a channel for controlling the imaging ultrasound to
reach the focal point 510 at the same time with the high-
intensity ultrasound, such that the reflected wave of the high-
intensity ultrasound reflected at the focal point 510 appears at
the precise location on the image picture.
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[0097] FIG. 6C is a schematic diagram for illustrating the
virtual channel for each transducer element set according to
some embodiments.

[0098] As described with reference to FIG. 5B, in some
embodiments the imaging transducer 120 is a transducer
array, and the transducer array can perform a scanning by
designating a transducer element set for each scanline. In the
example shown in FIG. 6C, the imaging transducer 120 with
the transducer element set formed with respect to five scan-
lines as shown in FIG. 5B is described as an example.
[0099] With respect to the virtual channel 610, when the
imaging transducer 120 is divided into a plurality of trans-
ducer element sets, the virtual channel for determining the
transmission time of the imaging ultrasound should be
defined in a separate manner, because each transducer ele-
ment set has a different time for transmitting the imaging
ultrasound. Therefore, virtual channels corresponding to the
first transducer element set 535 to the fifth transducer element
set 575 can be separately set as first to fifth virtual channels
630 to 670, respectively. In this case, as shown in FIG. 5B,
coordinates of the virtual channels 630 to 670 required for the
synchronization of each of the virtual channels become the
center points 537 to 577 of the transducer elements, respec-
tively.

[0100] Inthiscase aswell, it can be determined whether or
not to perform the synchronization based on the scanline that
passes the focal point 510 or is closest to the focal point 510.
[0101] FIG. 7 is a schematic diagram for illustrating an
actual application of the reception directivity according to
some embodiments.

[0102] When the imaging transducer 120 generates an
ultrasound 730, in a direction other than the focal point 510,
a reflected wave 740 is reflected back from the direction
different from the focal point 510. However, as the treatment
transducer 110 also generates an ultrasound, a reflected wave
720 is also reflected back from the focal point 510. In this
case, the incident angles are different from each other. As
described with reference to FIG. 3, in the transducer array, the
receive beamformer 240 delays each signal such that only the
ultrasound received from the direction of transmitting the
ultrasound is subjected to the constructive interference, and
hence the reflected wave from the focal point 510 is not
received with the constructive interference when generating
the ultrasound 730 in the direction different from the focal
point 510 but is detected as a spread noise. On the other hand,
when the imaging transducer 120 generates an ultrasound 710
in the direction of the focal point 510, the reflected wave of the
ultrasound 710 in the direction of the focal point 510 and the
reflected wave of the high-intensity ultrasound are reflected
together at the same time from the focal point 510. Therefore,
the reflected wave 720 from the focal point 510 is received as
a signal with the constructive interference, and as this signal
has the same path as the reflected wave of the ultrasound 710
in the direction of the focal point 510, it is displayed at the
exact location on the image picture.

[0103] FIG. 8A is a schematic diagram of an image picture
created while the high-intensity ultrasound is not generated.
[0104] A frame of an image picture includes a plurality of
scanlines. A scanline that passes the focal point 510 set on the
treatment transducer 110 among the plurality of scanlines is
displayed as a control group scanline 810 on the image pic-
ture.

[0105] FIG. 8B is a schematic diagram of an image picture
created while the high-intensity ultrasound is generated.
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[0106] In FIG. 8B, a scanline of the high-intensity ultra-
sound that passes the focal point 510 is displayed as an experi-
mental group scanline 820. The experimental group scanline
820 is displayed to correspond to the control group scanline
810 that passes the focal point 510 set on the treatment trans-
ducer 110 shown in FIG. 8A.

[0107] As no particular echo signal is detected at the focal
point 510 in FIG. 8 A, the focal point 510 is displayed in black
on the control group scanline 810 that passes the focal point
510 set on the treatment transducer 110. In contrast, as a
strong echo signal is detected at a bright area 830 in F1G. 8B,
the focal point 510 is displayed in white on the experimental
group scanline 820 of the high-intensity ultrasound that
passes the focal point 510. The focal point 510 can be con-
firmed in this manner.

[0108] FIG. 8C is a graph showing the intensity of the
ultrasound received by the imaging transducer at a scanline
that passes the focal point, depending on whether or not the
high-intensity ultrasound is generated.

[0109] When the treatment transducer 110 transmits no
high-intensity ultrasound, no particular change appears at the
focal point 510 on the control group scanline 810 that passes
the focal point 510 set on the treatment transducer 110. When
the treatment transducer 110 generates the high-intensity
ultrasound, which s then focused at the focal point, so that the
echo signal is generated, an echo signal of a high amplitude is
detected at the focal point 510 on the experimental group
scanline 820 of the high-intensity ultrasound that passes the
focal point 510. Accordingly, the focal point can be confirmed
on the ultrasound image.

[0110] FIG. 9 is a flowchart of a method of confirming a
focal point of a high-intensity ultrasound, according to some
embodiments.

[0111] The imaging ultrasound and the high-intensity
ultrasound are transmitted (step S910). The high-intensity
ultrasound is transmitted in a form of pulse that is repeated
with a focus adjusted on a treatment site, and the ultrasound
generation time is adjusted such that the high-intensity ultra-
sound simultaneously reaches the focal point 510. The imag-
ing ultrasound is synchronized in a manner that the ultra-
sound is generated at a time for reaching the focal point 510
simultaneously with the high-intensity ultrasound when the
ultrasound is generated in the direction of the focal point 510.
Although the treatment transducer 110 generates the ultra-
sound in a fixed direction unless the focal point 510 is re-
adjusted, the imaging transducer 120 changes its direction in
order to scan a predetermined region. Although the high-
intensity ultrasound is configured to supply a high energy to
destroy a tissue of the treatment site, at Step S910 for trans-
mitting the high-intensity ultrasound to confirm the focal
point, the high-intensity ultrasound can be generated with an
intensity that does not affect the tissue. When confirming the
focal point in the middle of a treatment, a continuous high-
intensity ultrasound can be transmitted in a form of pulse.
[0112] The imaging transducer 120 receives the reflected
signal (step S920). The imaging transducer 120 receives the
reflected wave of the high-intensity ultrasound as well as the
reflected wave of the ultrasound transmitted from it. In this
case, the imaging transducer 120 uses the receive beamform-
ing method to compensate for the path difference exclusively
for the reflected wave in the transmission direction, and hence
the ultrasound received from the direction to which the ultra-
soundis not transmitted is detected as a noise. The echo signal
of the high-intensity ultrasound reflected at the focal point
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510is received as a clear signal (peak) only when the imaging
transducer 120 has transmitted the ultrasound in the direction
of the focal point.

[0113] The received signal is converted into a B-mode
image (step S930). That is, the received signal is converted
into a B-mode image in which amplitude of the reflected
signal is converted into brightness. The imaging transducer
120 receives the reflected wave for a single direction at a time,
and hence it collects reflected signals of a plurality of direc-
tions, to create an image of a single frame. The B-mode image
can be displayed on a display.

[0114] Itis confirmed whether or not the focal point 510 is
correct (step S940). In other words, it is confirmed whether or
not the focal point matches the target location on the affected
area. As a region where a reflected wave higher than the
transmitted wave is detected on the image picture is a region
where the reflected wave of the high-intensity ultrasound is
concentrated, the focal point 510 of the high-intensity ultra-
sound can be found. Accordingly, it can be confirmed whether
or not the focal point 510 matches the target location of the
affected area, and when the focal point 510 does not match the
target location, the focal point 510 can be compensated (step
S950).

[0115] When the focal point 510 is correct, the high-inten-
sity ultrasound treatment is continued (step S960). When it is
determined that the focal point 510 is correct, the intensity of
the high-intensity ultrasound is increased to start the actual
treatment or the high-intensity ultrasound is switched to a
continuous wave to continue the treatment.

[0116] Although exemplary embodiments of the present
disclosure have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the spirit and scope of the claimed disclosure. Therefore,
exemplary embodiments of the present disclosure have been
described for the sake of brevity and clarity. Accordingly, one
of ordinary skill would understand the scope of the claimed
disclosure is not to be limited by the explicitly described
above embodiments but by the claims and equivalents
thereof.

CROSS-REFERENCE TO RELATED
APPLICATION

[0117] Ifapplicable, this application claims priority under
35 US.C §119(a) of Patent Application No. 10-2013-
0021974, filed on Feb. 28, 2013 in Korea, the entire content of
which is incorporated herein by reference. In addition, this
non-provisional application claims priority in countries,
other than the U.S., with the same reason based on the Korean
patent application, the entire content of which is hereby incor-
porated by reference.

1. An ultrasound medical apparatus, comprising:

an imaging transducer including a plurality of transducer
elements, each configured to transmit an imaging ultra-
sound to a target object;

a plurality of treatment transducers, each configured to
transmit a high-intensity ultrasound to a focal point cor-
responding to a specific focal-point information of the
target object;

a synchronizing unit configured to synchronize transmis-
sion times of the imaging transducer and the treatment
transducers to render the imaging ultrasound and the
high-intensity ultrasound to reach the focal point at the
same time; and
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an image processing unit configured, after the imaging
ultrasound and the high-intensity ultrasound are trans-
mitted in a synchronized manner, to generate an image
picture based on an echo signal received by the imaging
transducer.

2. The ultrasound medical apparatus according to claim 1,
wherein the synchronizing unit is configured:

to establish a virtual channel for the high-intensity ultra-
sound by each scanline for the transducer elements of
the imaging transducer, and

to determine the transmission times of transmission chan-
nels for the treatment transducers based on a location of
each of virtual channels and channels for the treatment
transducers and the focal point, the virtual channels and
the channels for the treatment transducers being collec-
tively designated as treatment channels.

3. The ultrasound medical apparatus according to claim 2,
wherein the synchronizing unit is configured to establish the
virtual channels exclusively for a transducer element corre-
sponding to a scanline that passes the focal point among the
transducer elements of the imaging transducer.

4. The ultrasound medical apparatus according to claim 2,
wherein the synchronizing unit is configured to establish the
virtual channels exclusively for a transducer element corre-
sponding to a scanline that is closest to the focal point among
the transducer elements of the imaging transducer.

5. The ultrasound medical apparatus according to claim 2,
wherein the synchronizing unit is configured:

to calculate a delay time information (t;) for each of the
treatment channels based on arrival time information
(T,) required for an ultrasound transmitted through the
treatment channels to reach the focal point and maxi-
mum arrival time information (Max(T,)) among a plu-
rality of pieces of arrival time information (T,), and

to determine the transmission times of the treatment chan-
nels based on the delay time information (t,).

6. The ultrasound medical apparatus according to claim 5,
wherein the synchronizing unit is configured to calculate the
delay time information (t;) by subtracting the arrival time
information (T,) from the maximum arrival time information
(Max(T))).

7. The ultrasound medical apparatus according to claim 5,
wherein the synchronizing unit is configured to apply the
delay time information (t,) on the transmission times of the
treatment channels corresponding to the maximum arrival
time information (Max(T),)) among the treatment channels to
determine the transmission times of the rest of the treatment
channels.

8. The ultrasound medical apparatus according to claim 5,
wherein the synchronizing unit is configured to calculate the
arrival time information (T,) based on traveling speed infor-
mation (C) at which the imaging ultrasound and the high-
intensity ultrasound travel in a medium of the target object,
focal-point coordinate values (£, f,, ) corresponding to the
focal point, and channel coordinate values (e, , e, , e, )
corresponding to the treatment channels.

9. The ultrasound medical apparatus according to claim 8,
wherein the synchronizing unit is configured:

to calculate distance difference information between the

focal-point coordinate values (f,. f,, I) and the channel
coordinate values (e, , e, ,, e, ;)onarectangular coor-
dinate system, and
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to take a value obtained by dividing the distance difference
information by the traveling speed information (C) as
the arrival time information (T,).

10. The ultrasound medical apparatus according to claim 8,
wherein the synchronizing unit is configured to take coordi-
nates of a transducer element located at a center among the
transducer elements constituting the virtual channels as the
channel coordinate values of the virtual channels.

11. The ultrasound medical apparatus according to claim 2,
wherein the synchronizing unit is configured to repeat a pro-
cess of establishing a virtual channel in a manner that a part of
the image picture for a single scanline is formed in one cycle
of the high-intensity ultrasound until the image picture of one
frame is formed.

12. A method for confirming a focal point on an image
picture in an ultrasound medical apparatus including an imag-
ing transducer including a plurality of transducer elements
each configured to transmit an imaging ultrasound and a
plurality of treatment transducers each configured to transmit
a high-intensity ultrasound, the method comprising:

synchronizing transmission times of the imaging trans-

ducer and the treatment transducers to render the imag-
ing ultrasound and the high-intensity ultrasound toreach
the focal point at the same time; and

generating, after the imaging ultrasound and the high-in-

tensity ultrasound are transmitted in a synchronized
manner, the image picture based on an echo signal
received by the imaging transducer.

13. The method according to claim 12, wherein the syn-
chronizing includes

establishing a virtual channel for the high-intensity ultra-

sound by each scanline for the transducer elements of
the imaging transducer, and

determining the transmission times of transmission chan-

nels for the treatment transducers based on a location of
each of virtual channels and channels for the treatment
transducers and the focal point, the virtual channels and
the channels for the treatment transducers being collec-
tively designated as treatment channels.
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14. The method according to claim 13, wherein the syn-
chronizing includes establishing the virtual channels exclu-
sively for a transducer element corresponding to a scanline
that passes the focal point among the transducer elements of
the imaging transducer.
15. The method according to claim 13, wherein the syn-
chronizing includes establishing the virtual channels exclu-
sively for a transducer element corresponding to a scanline
that is closest to the focal point among the transducer ele-
ments of the imaging transducer.
16. The method according to claim 13, wherein the syn-
chronizing includes
calculating a delay time information (t,) for each of the
treatment channels based on arrival time information
(T,) required for an ultrasound transmitted through the
treatment channels to reach the focal point and maxi-
mum arrival time information (Max(T;)) among a plu-
rality of pieces of arrival time information (T,), and

determining the transmission times of the treatment chan-
nels based on the delay time information (t,).

17. The method according to claim 16, wherein the syn-
chronizing includes calculating the arrival time information
(T,) based on traveling speed information (C) at which the
imaging ultrasound and the high-intensity ultrasound travel
in amedium of the target object, focal-point coordinate values
(f,, £, L) corresponding to the focal point, and channel coor-
dinate values (e, e, ;€. ;) corresponding to the treatment
channels.

18. The method according to claim 17, wherein the syn-
chronizing includes

calculating distance difference information between the

focal-point coordinate values (f,, ,, f,) and the channel
coordinate values (e, , €, ,, €, ;)ona rectangular coor-
dinate system, and

taking a value obtained by dividing the distance difference

information by the traveling speed information (C) as
the arrival time information (T,).
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