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7) ABSTRACT

An ultrasound irradiation apparatus includes first transducers
configured to irradiate first ultrasound energy upon an object
with respect to a potential diagnosis and to receive an echo
signal which corresponds to the irradiated first ultrasound
energy, second transducers configured to irradiate second
ultrasound energy upon a region of interest which is deter-
mined based on a result of processing of the received echo
signal, and a contact pad configured to facilitate a contact
between the first transducers and the object, and to facilitate a
contact between the second transducers and the object.




Patent Application Publication =~ May 14, 2015 Sheet 1 of 7 US 2015/0133827 Al

FIG. 1
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Patent Application Publication

FIG. 4

May 14,2015 Sheet4 of 7

120

US 2015/0133827 Al

121

/122

INPUT UNIT

ULTRASOUND DATA
GENERATING UNIT

/123

REGICN OF INTEREST

SETTING UNIT

124

L

/125

TEMPERATURE

DETERMINING UNIT

ULTRASOUND

126

OUTPUT
UNIT

FORMING UNIT

FIG. 5

/120

121

/122

/127

126

INPUT UNIT

ULTRASOUND DATA

GENERATING UNIT

IMAGE

GENERATING UNIT

/123

REGICON OF INTEREST

SETTING UNIT

124

/

/125

TEMPERATURE

DETERMINING UNIT

ULTRASOUND

DUTPUT UNIT]

FORMING UNIT




Patent Application Publication =~ May 14, 2015 Sheet 5 of 7 US 2015/0133827 Al

/1/10

6

FIG.




Patent Application Publication =~ May 14, 2015 Sheet 6 of 7 US 2015/0133827 Al

FIG. 7
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METHOD, APPARATUS, AND ULTRASOUND
SYSTEM FOR INCREASING TEMPERATURE
OF REGION OF INTEREST BY USING
WEARABLE ULTRASOUND IRRADIATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0135845, filed on Nov. 8, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate to a method, appa-
ratus, and ultrasound system for increasing a temperature of a
region of interest by using a wearable ultrasound irradiation
apparatus.

[0004] 2. Description of the Related Art

[0005] Ultrasound may be irradiated on an object and an
ultrasound image of a region of interest to be set in the object
may be generated by using an echo signal reflected from the
object. At this time, the ultrasound image of the region of
interest may include a temperature image that represents a
temperature of a cross-section of the region of interest or a
brightness (B)-mode image that represents brightness of the
cross-section of the region of interest. In addition, a travel
speed of an ultrasound signal for generating the ultrasound
image varies with a temperature of a medium.

[0006] Conversely, a method for irradiating high-intensity
focused ultrasound (hereinafter, referred to as HIFU) on a
tumor (focus) to be cured to noninvasively cure the tumor is
studied. At this time, the HIFU irradiated on the tumor may
focally destroy or necrotize the tumor and may increase a
temperature of the tumor so that medicine may smoothly
penetrate into the tumor.

SUMMARY

[0007] Provided are a method, apparatus, and ultrasound
system for increasing a temperature of a region of interest by
using a wearable ultrasound irradiation apparatus.

[0008] Provided is a computer readable recording medium
in which programs to be executed by acomputer are recorded.
[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
exemplary embodiments.

[0010] According to an aspect, an ultrasound irradiation
apparatus includes first transducers configured to irradiate
first ultrasound energy upon an object and to receive an echo
signal which corresponds to the irradiated first ultrasound
energy, second transducers configured to irradiate second
ultrasound energy upon a region of interest which is deter-
mined based on a result of processing of the received echo
signal, and a contact pad configured to facilitate a contact
between the first transducers and the object, and to facilitate a
contact between the second transducers and the object.
[0011] According to another aspect, a method for irradiat-
ing ultrasound energy upon a region of interest includes irra-
diating first ultrasound energy upon an object and receiving
an echo signal which corresponds to the irradiated first ultra-
sound energy, determining a region of interest on which the
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second ultrasound energy is to be irradiated by using the
received echo signal, determining a threshold temperature of
the region of interest to be reached as a result of the second
ultrasound energy being irradiated, and generating a suffi-
cient amount of the second ultrasound energy to be irradiated
upon the region of interest by using information relating to a
position of the region of interest and information relating to
the determined threshold temperature.

[0012] According to another aspect, a computer readable
storage medium includes a non-transitory computer readable
storage medium storing a computer program for executing the
above-described method in a computer.

[0013] According to another aspect, an ultrasound system
includes an ultrasound irradiation apparatus which includes
first transducers configured to irradiate first ultrasound
energy upon an object and to receive an echo signal which
corresponds to the irradiated first ultrasound energy and sec-
ond transducers configured to irradiate second ultrasound
energy upon a region of interest and an ultrasound processing
apparatus configured to determine the region of interest upon
which the second ultrasound energy is to be irradiated by
using the received echo signal, to determine a threshold tem-
perature of the region of interest to be reached as a result of the
second ultrasound being irradiated, to generate the second
ultrasound energy by using information which relates to a
position of the determined region of interest and information
which relates to the determined threshold temperature, and to
transmit a signal which corresponds to the generated second
ultrasound energy to the ultrasound irradiation apparatus.
[0014] According to one or more exemplary embodiments,
the ultrasound irradiation apparatus in which the flat trans-
ducers are arranged is adhered to the object in order to irra-
diate the second ultrasound energy so that a large steering
range may be secured. Therefore, the second ultrasound
energy may be irradiated upon the region of interest regard-
less of a size and volume of the region of interest, including a
tumor.

[0015] In addition, the ultrasound irradiation apparatus is
implemented in the form of a pad so that the second ultra-
sound energy may be accurately irradiated upon the region of
interest even when the object moves. In addition, the ultra-
sound system with increased mobility is implemented so that
convenience of the object (for example, a patient) may be
increased.

[0016] In addition, the ultrasound irradiation apparatus has
various sizes so that the patient may be cured regardless of the
size and position of the region of interest. In addition, since
the temperature of the region of interest may be increased to
the predetermined threshold temperature as the second ultra-
sound energy is being irradiated, it is possible to facilitate an
effective penetration of a medicine which is dependent on a
temperature into the region of interest.

[0017] Inaddition, since the ultrasound irradiation appara-
tus is implemented by a material that is not displayed in a
magnetic resonance (MR) image, it is possible to generate an
image of the region of interest and to cure the region of
interest together with the MRI apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and/or other aspects will become apparent
and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the
accompanying drawings in which:
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[0019] FIG.1isa block diagram illustrating an example of
an ultrasound system, according to an exemplary embodi-
ment;

[0020] FIG. 2is a view illustrating an example of an ultra-
sound irradiation apparatus, according to an exemplary
embodiment;

[0021] FIG. 3 is a view illustrating an example of imple-
menting an ultrasound irradiation apparatus, according to an
exemplary embodiment;

[0022] FIG. 4isa block diagram illustrating an example of
an ultrasound processing apparatus, according to an exem-
plary embodiment;

[0023] FIG. 5 is a block diagram illustrating another
example of an ultrasound processing apparatus, according to
an exemplary embodiment;

[0024] FIG. 6 is a block diagram illustrating another
example of an ultrasound system, according to an exemplary
embodiment;

[0025] FIG. 7 is a flowchart illustrating an example of a
method for irradiating ultrasound on a region of interest,
according to an exemplary embodiment; and

[0026] FIG. 8 is a view illustrating second transducers,
according to an exemplary embodiment.

DETAILED DESCRIPTION

[0027] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. In this regard, the present exem-
plary embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the exemplary embodiments are merely
described below, by referring to the figures, to explain aspects
of the present disclosure.

[0028] FIG.1isa block diagram illustrating an example of
an ultrasound system, according to an exemplary embodi-
ment.

[0029] Referring to FIG. 1, an ultrasound system 10
includes an ultrasound irradiation apparatus 110 and an ultra-
sound processing apparatus 120. Here, the ultrasound irradia-
tion apparatus 110 may be adhered to a part of an object 30.
[0030] The ultrasound irradiation apparatus 110 irradiates
first ultrasound energy (also referred to herein as “diagnostic
ultrasound energy”) upon the object 30 (for example, a
patient) and receives an echo signal which corresponds to the
diagnostic ultrasound energy. In particular, the ultrasound
irradiation apparatus 110 irradiates the diagnostic ultrasound
energy upon a part of the object 30 to which the ultrasound
irradiation apparatus 110 is adhered. Then, the ultrasound
irradiation apparatus 110 receives the echo signal obtained as
a result of the diagnostic ultrasound energy being reflected
from the inside of the object 30. Here, the diagnostic ultra-
sound energy may include ultrasound energy to be used for
generating an image that represents shapes of internal tissues
of the object 30 and may include ultrasound energy to be used
for generating an image that represents a change in tempera-
ture of a region of interest.

[0031] The ultrasound irradiation apparatus 110 irradiates
second ultrasound energy (also referred to herein as “thera-
peutic ultrasound energy”) upon the region of interest which
is determined in the object 30. Here, the region of interest may
include a lesion of the object 30, but is not limited to the lesion
of the object 30. In addition, the therapeutic ultrasound
energy may include ultrasound energy to be used for increas-
ing a temperature of the region of interest to a predetermined
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threshold temperature in order to facilitate a penetration of
medicine into the region of interest. For example, the thera-
peutic ultrasound energy may include high-intensity focused
ultrasound (HIFU). However, the therapeutic ultrasound
energy is not limited to the HIFU, and may include any
focused ultrasound which is irradiated in a similar manner as
the HIFU.

[0032] When the ultrasound irradiation apparatus 110 con-
tinuously irradiates the therapeutic ultrasound energy upon a
specific position in the region of interest, temperatures of a
tissue positioned in the specific position and a peripheral
tissue are increased. When it is assumed that medicine that
penetrates into the inside of the object 30 at a specific tem-
perature (for example, A° C.) is administered and that the
temperature of the tissue on which the therapeutic ultrasound
energy is irradiated is increased to A° C., the medicine may
effectively penetrate into the tissue upon which the therapeu-
tic ultrasound is irradiated. In this manner, the therapeutic
ultrasound energy may effectively deliver the medicine to a
specific internal tissue of the object 30.

[0033] Operations of the ultrasound irradiation apparatus
110 irradiating the diagnostic ultrasound and the therapeutic
ultrasound and receiving the echo signal corresponding to the
diagnostic ultrasound will be described in detail with refer-
ence to FI1G. 2.

[0034] FIG. 2is a view illustrating an example of an ultra-
sound irradiation apparatus, according to an exemplary
embodiment.

[0035] Drawing (a) of FIG. 2 illustrates the ultrasound irra-
diation apparatus 110, and drawing (b) of FIG. 2 illustrates a
transducer set unit 112 included in the ultrasound irradiation
apparatus 110.

[0036] Referring to drawing (a) of FIG. 2, the ultrasound
irradiation apparatus 110 includes a case 111, the transducer
set unit 112, an adhesive sticker 113, a contact pad 114, a
data/power transmission cable 115, and a belt 116. The ultra-
sound irradiation apparatus 110 may be referred to as an
applicator.

[0037] The case 111 protects the transducer set unit 112
against external shock.

[0038] Thetransducer setunit 112 includes a first set of first
transducers and a second set of second transducers. Here, the
first transducers irradiate the diagnostic ultrasound energy
upon the object and receive the echo signal which corre-
sponds to the irradiated diagnostic ultrasound energy. In addi-
tion, the second transducers irradiate the therapeutic ultra-
sound energy upon the region of interest. Hereinafter,
referring to drawing (b) of FIG. 2, the transducer set unit 112
will be described in detail.

[0039] In drawing (b) of FIG. 2, the first transducers 1122
and the second transducers 1121 are illustrated.

[0040] The first transducers 1122 irradiate the diagnostic
ultrasound energy upon the object. The first transducers 1122
receive the echo signal obtained as a result of the irradiated
diagnostic ultrasound energy being reflected from internal
tissues of the object.

[0041] Specifically, when the diagnostic ultrasound energy,
whichhas a frequency which falls in the range of about 2 MHz
to about 18 MHz, is irradiated by the first transducers 1122
upon a specific part in the object, the diagnostic ultrasound
energy is partially reflected from layers among various tis-
sues. In particular, the diagnostic ultrasound energy may be
reflected from parts in the object where a change in density is
generated (for example, blood cells in blood plasma and small
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tissues in organs). The reflected signals cause vibrations in the
first transducers 1122, and the first transducers 1122 output
electrical pulses in accordance with the vibrations.

[0042] The second transducers 1121 irradiate the therapeu-
tic ultrasound energy upon the region of interest which is
determined based on a result of processing of the echo signal.
Here, the region of interest is an internal region of the object
determined by the ultrasound processing apparatus 120, and
includes a position of a focus upon which the therapeutic
ultrasound energy is to be irradiated. A method of the ultra-
sound processing apparatus 120 determining the region of
interest and the second transducers 1121 generating the thera-
peutic ultrasound energy to be irradiated will be described in
detail with reference to FIGS. 4 and 5.

[0043] The first transducers 1122 and the second transduc-
ers 1121, according to the exemplary embodiment, form
respective two-dimensional array structures. For example, as
illustrated in drawing (b) of FIG. 2, the first transducers 1122
and the second transducers 1121 may be arranged in the form
of two-dimensional array. In drawing (b) of FIG. 2, the first
transducers 1122 are positioned in the center of the arrange-
ment of second transducers 1121. However, the present exem-
plary embodiment is not limited to the above. In particular,
provided that the first transducers 1122 and the second trans-
ducers 1121 form the transducer set unit 112 of the two-
dimensional array, there are no limitations on a positional
relationship between the set of the first transducers 1122 and
the set of the second transducers 1121.

[0044] As described above, the first transducers 1122 and
the second transducers 1121 form a single transducer set unit
112 so that a user (for example, a doctor) may simultaneously
diagnose and treat the object (for example, a patient). Spe-
cifically, after the second transducers 1121 commence irradi-
ating the therapeutic ultrasound energy upon the region of
interest, the user may check an operation result of the irradi-
ated therapeutic ultrasound energy by using the diagnostic
ultrasound energy irradiated by the first transducers 1122.
[0045] In addition, because the first transducers 1122 and
the second transducers 1121 form the two-dimensional array
structures, respectively, the first transducers 1122 and the
second transducers 1121 may irradiate two-dimensional
ultrasound signals and/or three-dimensional ultrasound sig-
nals.

[0046] Conversely, the first transducers 1122 and the sec-
ond transducers 1121, according to the exemplary embodi-
ment, are arranged on a single plane. In this aspect, the trans-
ducer setunit 112 forms one single plane. As described above,
since the first transducers 1122 and the second transducers
1121 form the two-dimensional array structures, respectively,
the transducer set unit 112 may represent a rectangle on one
plane. Hereinafter, the second transducers 1121 will be
described in detail with reference to FIG. 8.

[0047] FIG. 8 is a view illustrating second transducers,
according to an exemplary embodiment.

[0048] Drawing (a) of FIG. 8 illustrates an arrangement of
common transducers 810 that irradiate the therapeutic ultra-
sound energy, and drawing (b) of FIG. 8 illustrates an arrange-
ment of second transducers 820, according to an exemplary
embodiment.

[0049] Referring to drawing (a) of FIG. 8, the transducers
810 that irradiate the therapeutic ultrasound energy are con-
cavely arranged. Specifically, since the therapeutic ultra-
sound energy irradiated by the transducers 810 forms focuses
811, 812, and 813, the transducers 810 are commonly con-
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cavely arranged so as to easily form the focuses 811, 812, and
813. However, the concavely arranged transducers 810 have a
narrow steering range. In particular, due to a concave geo-
metric structure, a range rl of the focuses 811, 812, and 813
that may be formed by the therapeutic ultrasound energy
which is irradiated by the transducers 810 is limited.

[0050] Inaddition, when the transducers 810 are concavely
arranged, all the transducers 810 may not be adhered to a
surface 830 of the object. In particular, an empty space d is
formed between the transducers 810 and the surface 830 of
the object. At this time, due to the empty space d between the
surface 830 of the object and the transducers 810, respective
positions of the focuses 811, 812, and 813 formed by the
therapeutic ultrasound irradiated by the transducers 810 may
not coincide with those set by the ultrasound processing appa-
ratus 120.

[0051] Referring to drawing (b) of FIG. 8, the second trans-
ducers 820 according to an exemplary embodiment are
arranged on one single plane. Therefore, a range r2 (that is, a
steering range) of focuses 821, 822, and 823 which 1s formed
by the therapeutic ultrasound energy irradiated by the second
transducers 820 1s larger than the range r1 of the focuses 811,
812, and 813 formed by the therapeutic ultrasound energy
irradiated by the transducers 810 illustrated in drawing (a) of
FIG. 8. In particular, when it is assumed that the transducers
810 illustrated in drawing (a) of FIG. 8 and the second trans-
ducers 820 illustrated in drawing (b) of FIG. 8 have the same
width w, the steering ranges have a relationship in which
r1>r2. Therefore, although the region of interest has a large
range, the therapeutic ultrasound energy irradiated by the
second transducers 820 may form the focuses 821, 822, and
823 in the region of interest.

[0052] In addition, since the second transducers 820 are
arranged on one single plane, all the second transducers 820
may be adhered to the surface 830 of the object. Therefore, an
empty space is not formed between the second transducers
820 and the surface 830 of the object, or alternatively, to the
extent that an empty space is formed, such an empty space is
formed in a manner so as not to affect the formation of the
focuses by therapeutic ultrasound energy. Therefore, posi-
tions of the focuses 821, 822, and 823 formed by the thera-
peutic ultrasound irradiated by the second transducers 820
coincide with positions set by the ultrasound processing
apparatus 120.

[0053] As described above, since the second transducers
820 are arranged on a single plane, the second transducers
820 may form a large steering range and may correctly focus
the therapeutic ultrasound energy on an intended position.

[0054] Conversely, the ultrasound irradiation apparatus
110 may be formed of a magnetic resonance (MR)-compat-
ible material. In particular, the ultrasound irradiation appara-
tus 110 may be formed of a material that is not displayed in an
MR image. Therefore, the ultrasound irradiation apparatus
110 and the ultrasound processing apparatus 120 may gener-
ate an image of the region of interest and simultaneously treat
the region of interest together with a magnetic resonance
imaging (MRI) apparatus.

[0055] Referring to drawing (a) of FIG. 2 again, the adhe-
sive sticker 113 fixes the ultrasound irradiation apparatus 110
to the surface of the object. In particular, the adhesive sticker
113 fixes the ultrasound irradiation apparatus 110 to the sur-
face of the object in order to cause the ultrasound irradiation
apparatus 110 not to move on the surface of the object.
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[0056] The contact pad 114 facilitates a contact between
the object and each of the first transducers and the second
transducers. In particular, the contact pad 114 facilitates an
adhesion between the ultrasound transducer set unit 112,
including the first transducers and the second transducers, and
the surface of the object.

[0057] For example, the contact pad 114 may be imple-
mented by a pocket including a specific material. Here, the
material included in the contact pad 114 may include
degassed water or deionized water, but 1s not limited thereto.
Inthis aspect, any material that does not affect propagation of
the diagnostic ultrasound energy and the therapeutic ultra-
sound energy irradiated by the transducer set unit 112 and
propagation of the echo signal received by the transducer set
unit 112 may correspond to the material included in the con-
tact pad 114 without limitations.

[0058] In addition, the contact pad 114 may be imple-
mented by a Mylar material or a thermal protection material.
In particular, the pocket including the above-described spe-
cific material may be formed of the Mylar material or the
thermal protection material.

[0059] The contact pad 114 not only facilitates an adhesion
of the transducer set unit 112 to the surface of the object, but
also cools the first transducers 1122 and the second transduc-
ers 1121 by circulation of the material included in the contact
pad 114.

[0060] The data/power transmission cable 115 connects the
ultrasound irradiation apparatus 110 to the ultrasound pro-
cessing apparatus 120, and performs data transmission
between the ultrasound irradiation apparatus 110 and the
ultrasound processing apparatus 120. Here, data includes data
corresponding to the echo signal obtained by the ultrasound
irradiation apparatus 110 and data corresponding to the diag-
nostic ultrasound energy and the therapeutic ultrasound
energy to be irradiated by the ultrasound irradiation apparatus
110.

[0061] In addition, the data/power transmission cable 115
supplies power to the ultrasound irradiation apparatus 110 in
order to drive the first transducers 1122 and the second trans-
ducers 1121 included in the ultrasound irradiation apparatus
110.

[0062] The belt 116 fixes the ultrasound irradiation appa-
ratus 110 to the object. In particular, the belt 116 fixes the
ultrasound irradiation apparatus 110 to the object so as to
cause the ultrasound irradiation apparatus 110 not to move on
the surface of the object. More particularly, the contact pad
114 primarily fixes the ultrasound irradiation apparatus 110
with respect to the object, and the belt 116 secondarily fixes
the ultrasound irradiation apparatus 110 with respect to the
object.

[0063] As described above, since the contact pad 114 and
the belt 116 fix the ultrasound irradiation apparatus 110 to the
object, the ultrasound irradiation apparatus 110 may correctly
irradiate the therapeutic ultrasound on the region of interest
even when the object moves.

[0064] FIG.3isa view illustrating examples of implement-
ing an ultrasound irradiation apparatus, according to an
exemplary embodiment.

[0065] Referring to drawings (a), (b), (c), and (d) of FIG. 3,
examples in which the ultrasound irradiation apparatus is
adhered to the object are illustrated. When it is assumed that
the object is a patient, the ultrasound irradiation apparatus
may be adhered to any suitable part of the object, including a
chest (drawing (a) of FIG. 3), a neck (drawing (b) of FIG. 3),
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an arm (drawing (c) of FIG. 3), and a back (drawing (d) of
FIG. 3). In addition, referring to drawings (b), (c), and (d) of
FIG. 3, when the parts to which the ultrasound irradiation
apparatus is adhered are parts with small amounts of move-
ment, the ultrasound irradiation apparatus may be adhered to
the object by using only the adhesive sticker without the belt.
[0066] Theultrasound irradiation apparatus may have vari-
ous sizes. For example, referring to drawing (a) of FIG. 3,
when the diagnostic ultrasound energy and the therapeutic
ultrasound energy are to be irradiated on a wide region of the
chest of the object, a large ultrasound irradiation apparatus
may be adhered to the chest of the object. In addition, refer-
ring to drawing (b) of FIG. 3, when the diagnostic ultrasound
energy and the therapeutic ultrasound energy are to be irra-
diated on a narrow region of the neck of the object, a small
ultrasound irradiation apparatus may be adhered to the neck
of the object.

[0067] Here, the ultrasound irradiation apparatus may have
various sizes in accordance with the number of first transduc-
ers and the number of second transducers included in the
ultrasound irradiation apparatus.

[0068] Referring to FIG. 1 again, the ultrasound processing
apparatus 120 determines the region of interest on which the
therapeutic ultrasound energy is to be irradiated by using the
echo signal received from the ultrasound irradiation appara-
tus 110. The ultrasound processing apparatus 120 determines
a temperature of the region of interest to be increased by the
irradiation of the therapeutic ultrasound energy. The ultra-
sound processing apparatus 120 generates the therapeutic
ultrasound energy by using information which relates to a
position of the region of interest and information which
relates to the determined temperature. The ultrasound pro-
cessing apparatus 120 transmits a signal which corresponds
to the therapeutic ultrasound energy to the ultrasound irradia-
tion apparatus 110. The operations performed by the ultra-
sound processing apparatus 120 will be described in detail
with reference to FIGS. 4 and 5.

[0069] FIG. 4 is a block diagram illustrating an example of
an ultrasound processing apparatus 120, according to an
exemplary embodiment.

[0070] Referring to FIG. 4, the ultrasound processing appa-
ratus 120 includes an input unit (also referred to herein as an
“input device™) 121, an ultrasound data generating unit (also
referred to herein as an “ultrasound data generator”) 122, a
region of interest setting unit (also referred to herein as a
“region of interest setter” and/or as a “region of interest
determiner”) 123, a temperature determining unit (also
referred to herein as a “temperature determiner”) 124, an
ultrasound forming unit (also referred to herein as an “ultra-
sound former” and/or as an “ultrasound energy generator”)
125, and an output unit (also referred to herein as an “output
device”) 126.

[0071] In the ultrasound processing apparatus 120 illus-
trated in FIG. 4, only elements related to the present exem-
plary embodiment are illustrated. Therefore, it will be under-
stood by those of ordinary skill in the art that other general-
purpose elements than the elements illustrated in FIG. 4 may
be further included.

[0072] In addition, the input unit 121, the ultrasound data
generating unit 122, the region of interest setting unit 123, the
temperature determining unit 124, the ultrasound forming
unit 125, and the output unit 126 of the ultrasound processing
apparatus 120 illustrated in FIG. 4 may correspond to one or
a plurality of processors. The processor may be implemented
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by array of a plurality of logic gates and may be implemented
by a combination of a general-purpose microprocessor and a
memory in which microprocessor executable programs are
recorded. In addition, it will be understood by those of ordi-
nary skill in the art that the processor may be implemented by
another type of hardware.

[0073] The input unit 121 receives data corresponding to
the echo signal from the ultrasound irradiation apparatus 110.
Inaddition, the input unit 121 receives input information from
the user. Here, the input information refers to information
which relates to the region of interest set by the user or
information which relates to the temperature determined by
the user.

[0074] For example, the input unit 121 performs functions
of a communication interface unit and a user interface unit.
Here, the communication interface unit may include any one
or more of a modem used for data transmission and reception,
a network module for access to a network, and a universal
serial bus (USB) host module for forming a data movement
channel with respect to a mobile storage medium. In addition,
the user interface unit may include input apparatuses such as
any one or more of a mouse, a keyboard, and a touch screen
and a software module for driving the input apparatuses.
[0075] The ultrasound data generating unit 122 generates
ultrasound data by using the echo signal transmitted from the
input unit 121.

[0076] Inparticular, the ultrasound data generating unit 122
converts the received analog echo signal from analog to digi-
tal in order to generate a digital signal. The ultrasound data
generating unit 122 performs reception beamforming on the
digital signal to form a reception focusing signal, and genet-
ates ultrasound data by using the reception focusing signal.
Here, the ultrasound data may include a radio frequency (RF)
signal, but is not limited thereto.

[0077] Theregion ofinterest setting unit 123 sets the region
of interest by using the echo signal. Here, the region of inter-
est refers to a target region on which the second transducers
included in the ultrasound irradiation apparatus 110 focus the
therapeutic ultrasound energy, which target region may
include a lesion.

[0078] As an example, the region of interest setting unit 123
may set the region of interest by using the ultrasound data
transmitted from the ultrasound data generating unit 122. The
ultrasound data includes information which relates to the
internal tissues of the object. In particular, the ultrasound data
includes information which relates to whether a lesion such as
acancer is included in the internal tissues of the object, as well
as information which relates to sizes and shapes of the inter-
nal tissues of the object.

[0079] Therefore, the region of interest setting unit 123
may set the region of interest upon which the therapeutic
ultrasound energy is to be irradiated by using the ultrasound
data. Here, the therapeutic ultrasound focused on the region
of interest increases the temperature of the region of interest
so that the medicine administered to the object may effec-
tively penetrate into the region of interest.

[0080] As another example, the region of interest setting
unit 123 may set the region of interest to correspond to the
input information provided by the user. In particular, the
region of interest setting unit 123 may set the region of inter-
est by using the input information which is provided by the
user and received via the input unit 121. Here, the input
information of the user refers to information that represents
the region of interest set by the user.
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[0081] The temperature determining unit 124 determines
the threshold temperature of the region of interest to be
reached as a result of the therapeutic ultrasound energy being
irradiated. Here, the threshold temperature to be determined
may refer to a predetermined temperature at which the medi-
cine previously administered to the object may effectively
penetrate into the region of interest, but is not limited thereto.

[0082] As an example, the temperature determining unit
124 may automatically determine the threshold temperature
without user intervention so as to correspond to a kind of the
medicine previously administered to the object. For example,
the temperature determining unit 124 may determine the tem-
perature by using information which relates to a correlation
between medicine previously stored in a storage unit (not
shown) and an activation temperature.

[0083] As another example, the temperature determining
unit 124 may determine the threshold temperature so to cor-
respond to the input information provided by the user. In
particular, the temperature determining unit 124 may deter-
mine the threshold temperature by using the input informa-
tion provided by the user and received via the input unit 121.
Here, the input information of the user refers to information
that represents a target temperature set by the user.

[0084] The ultrasound forming unit 125 generates the
therapeutic ultrasound energy to be irradiated on the region of
interest by using information which relates to the position of
the region of interest and information which relates to the
determined threshold temperature. In particular, the ultra-
sound forming unit 125 generates the therapeutic ultrasound
energy by using the information which relates to the position
of the region of interest received from the region of interest
setting unit 123 and the information which relates to the
threshold temperature received from the temperature deter-
mining unit 124.

[0085] For example, the ultrasound forming unit 125 cal-
culates an irradiation intensity and an irradiation time of the
therapeutic ultrasound energy required for increasing the
temperature of the region of interest to the threshold tempera-
ture determined by the temperature determining unit 124.
Then, the ultrasound forming unit 125 may perform transmis-
sion beamforming by using the calculated intensity and time
to generate a signal corresponding to the therapeutic ultra-
sound energy. Here, the signal corresponding to the therapeu-
tic ultrasound energy includes information which relates to
transducers from which the therapeutic ultrasound energy is
to be irradiated among the second transducers and informa-
tion which relates to a time for which the therapeutic ultra-
sound energy is to be irradiated.

[0086] In addition, the ultrasound forming unit 125 gener-
ates a signal corresponding to the diagnostic ultrasound
energy to be irradiated by the first transducers included in the
ultrasound irradiation apparatus 110.

[0087] Theoutputunit 126 transmits the signal correspond-
ing to the therapeutic ultrasound energy to the ultrasound
irradiation apparatus 110. In particular, the output unit 126
transmits the signal corresponding to the therapeutic ultra-
sound energy which is received from the ultrasound forming
unit 125 to the ultrasound irradiation apparatus 110. In addi-
tion, the output unit 126 transmits the signal corresponding to
the diagnostic ultrasound energy which is received from the
ultrasound forming unit 125 to the ultrasound irradiation
apparatus 110.
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[0088] For example, the output unit 126 may perform a
function of a communication interface, and the communica-
tion interface unit is as described above with reference to the
input unit 121.

[0089] FIG. 5 is a block diagram illustrating another
example of an ultrasound processing apparatus 120, accord-
ing to an exemplary embodiment.

[0090] Referring to FIG. 5, the ultrasound processing appa-
ratus 120 includes an image generating unit (also referred to
herein as an “image generator”) 127 as well as the input unit
121, the ultrasound data generating unit 122, the region of
interest setting unit 123, the temperature determining unit
124, the ultrasound forming unit 125, and the output unit 126.
[0091] In the ultrasound processing apparatus 120 illus-
trated in FIG. 5, only elements related to the present exem-
plary embodiment are illustrated. Therefore, it will be under-
stood by those of ordinary skill in the art that other general-
purpose elements than the elements illustrated in FIG. 5 may
be further included.

[0092] In addition, the input unit 121, the ultrasound data
generating unit 122, the region of interest setting unit 123, the
temperature determining unit 124, the ultrasound forming
unit 125, the output unit 126, and the image generating unit
127 of the ultrasound processing apparatus 120 illustrated in
FIG. 5§ may correspond to one or a plurality of processors. The
processor may be implemented by array ofa plurality of logic
gates and may be implemented by a combination of a general-
purpose microprocessor and a memory in which micropro-
cessor executable programs are recorded. In addition, it will
be understood by those of ordinary skill in the art that the
processor may be implemented by another type of hardware.
[0093] Conversely, detailed contents of the input unit 121,
the ultrasound data generating unit 122, the region of interest
setting unit 123, the temperature determining unit 124, the
ultrasound forming unit 125, and the output unit 126 of the
ultrasound processing apparatus 120 illustrated in FIG. 5 are
as described above with reference to FIG. 4. Therefore,
detailed description thereof will be omitted.

[0094] The image generating unit 127 generates an image
that represents the object by using information included in the
echo signal. In particular, the image generating unit 127 gen-
erates the image that represents the object by using the ultra-
sound data received from the ultrasound data generating unit
122. Here, the image that represents the object includes one or
more images that represent the shapes and sizes of the internal
tissues of the object. For example, the image that represents
the object may include a Doppler mode image, a B mode
image, and an elasticity image and may be a two-dimensional
image or three-dimensional image.

[0095] Inaddition, the image generating unit 127 may gen-
erate a real time image that represents the object by using the
information included in the echo signal corresponding to the
diagnostic ultrasound energy irradiated upon the object in
real time.

[0096] Inaddition, the image generating unit 127 generates
an image that represents a change in temperature of the region
of interest by using the echo signal corresponding to the
diagnostic ultrasound energy irradiated upon the region of
interest after a commencement of irradiating the therapeutic
ultrasound energy upon the region of interest. In particular,
the image generating unit 127 may generate the image that
represents the change in temperature of the region of interest
by using the ultrasound data received from the ultrasound
data generating unit 122. An example in which the image
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generating unit 127 generates the image that represents the
change in temperature of the region of interest is as follows.
[0097] First, the image generating unit 127 obtains first
temperature information which relates to the region of inter-
est by using the echo signal corresponding to the diagnostic
ultrasound energy irradiated upon the region of interest
before a commencement of irradiating the therapeutic ultra-
sound energy upon the region of interest. Here, the first tem-
perature information is obtained based on an amplitude of the
echo signal and/or a phase of the echo signal.

[0098] Then, the image generating unit 127 obtains second
temperature information which relates to the region of inter-
est by using the echo signal corresponding to the diagnostic
ultrasound energy irradiated upon the region of interest after
the commencement of irradiating the therapeutic ultrasound
energy upon the region of interest. Here, the second tempera-
ture information is obtained based on the amplitude of the
echo signal and/or a phase of the echo signal.

[0099] Then, the image generating unit 127 compares the
first temperature information with the second temperature
information. An example in which the image generating unit
127 compares the first temperature information with the sec-
ond temperature information is as follows.

[0100] As an example, the image generating unit 127 com-
pares an RF signal included in the first temperature informa-
tion with an RF signal included in the second temperature
information in order to detect a part of the RF signal included
in the second temperature information in which an amplitude
is changed. Then, the image generating unit 127 obtains infor-
mation (for example, a change in temperature value) that
represents the change in temperature of the region of interest
corresponding to the detected degree of change in amplitude
by using a mapping table stored in the storage unit (not
shown).

[0101] Here, the mapping table may include respective
changes in amplitude values of a plurality of predetermined
echo signals and corresponding changes in temperature val-
ues mapped to the changes in amplitude values. In the map-
ping table, the change in temperature value mapped to one
change in amplitude value refers to a change in temperature
value of the region of interest estimated from the change in
amplitude value of the region of interest.

[0102] As another example, the image generating unit 127
compares the RF signal included in the first temperature
information with the RF signal included in the second tem-
perature information in order to detect a part of the RF signal
included in the second temperature information in which a
phaseis changed. Then, the image generating unit 127 obtains
information (for example, a change in temperature value) that
represents the change in temperature of the region of interest
corresponding to the detected degree of change in phase by
using the mapping table stored in the storage unit (not shown).
[0103] Here, the mapping table may include respective
changes in phase values of a plurality of predetermined echo
signals and corresponding changes in temperature values
mapped to the changes in phase values. In the mapping table,
the change in temperature value mapped to one change in
phase value refers to the change in temperature value of the
region of interest estimated from the change in phase value of
the region of interest.

[0104] Theimage generating unit 127 generates a tempera-
ture image of the region of interest based on a result of the
comparison between the first temperature information and the
second temperature information. Here, the temperature
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image refers to an image that represents degrees of change in
temperature of the region of interest by using different bright-
ness values or colors.

[0105] Conversely, the ultrasound forming unit 125 may
generate the therapeutic ultrasound energy to be irradiated
upon the region of interest by using the information which
relates to the change in temperature of the region of interest.
For example, the ultrasound forming unit 125 receives the
information which relates to the change in temperature of the
region of interest from the image generating unit 127. When
a current temperature of the region of interest is lower than a
predetermined temperature, the ultrasound forming unit 125
may regenerate therapeutic ultrasound energy so as to have a
higher intensity and/or a longer irradiation time than the
previously generated therapeutic ultrasound energy. In addi-
tion, when the current temperature of the region of interest is
equal to or higher than the predetermined threshold tempera-
ture, the ultrasound forming unit 125 may stop generating the
therapeutic ultrasound energy.

[0106] FIG. 6 is a block diagram illustrating another
example of an ultrasound system, according to an exemplary
embodiment.

[0107] Referring to FIG. 6, the ultrasound system 10
includes the ultrasound irradiation apparatus 110, a first ultra-
sound processing apparatus 140, and a second ultrasound
processing apparatus 130.

[0108] The ultrasound irradiation apparatus 110 according
to the exemplary embodiment may be connected to the pre-
viously provided first ultrasound processing apparatus 140.
For example, when it is assumed that the previously provided
first ultrasound processing apparatus 140 is configured for
generating an ultrasound image by using the echo signal, the
second ultrasound processing apparatus 130 which is config-
ured for generating the therapeutic ultrasound energy is con-
nected to the first ultrasound processing apparatus 140, and
the ultrasound irradiation apparatus 110 is connected to the
already-connected first and second ultrasound processing
apparatuses 130 and 140 so that one ultrasound system 10
may be formed.

[0109] Inthisaspect, similarly as the ultrasound processing
apparatus 120 described in detail with reference to FIGS. 1, 4,
and 5, one ultrasound processing apparatus 120 may perform
all the above-described functions. However, the first ultra-
sound processing apparatus 140 and the second ultrasound
processing apparatus 130 may be connected to perform the
same function as that of the ultrasound processing apparatus
120.

[0110] FIG. 7 is a flowchart illustrating an example of a
method for irradiating ultrasound energy upon a region of
interest, according to an exemplary embodiment.

[0111] Referring to FIG. 7, the method for irradiating the
ultrasound energy upon the region of interest includes opera-
tions which are serially processed by the ultrasound system
10 or the ultrasound processing apparatus 120 illustrated in
FIGS. 1, 4, and 5. Therefore, the above-described contents of
the ultrasound system 10 or the ultrasound processing appa-
ratus 120 illustrated in FIGS. 1, 4, and 5, although omitted
hereinafter, may be applied to the method for irradiating the
ultrasound on the region of interest of FIG. 7.

[0112] In operation 710, the ultrasound irradiation appara-
tus 110 irradiates the diagnostic ultrasound energy upon the
object and receives the echo signal corresponding to the irra-
diated diagnostic ultrasound energy. Here, the diagnostic
ultrasound energy may refer to ultrasound energy to be used
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for generating an image that represents the shapes of the
internal tissues of the object 30, and may refer to ultrasound
energy to be used for generating an image that represents the
change in temperature of the region of interest.

[0113] Inoperation 720, the ultrasound processing appara-
tus 120 determines the region of interest upon which the
therapeutic ultrasound energy is to be irradiated by using the
echo signal. In particular, the ultrasound data generating unit
122 generates the ultrasound data by using the echo signal
received from the input unit 121. The region of interest setting
unit 123 determines the region of interest by using he echo
signal. Here, the region of interest refers to the target region
upon which the second transducers included in the ultrasound
irradiation apparatus 110 focus the therapeutic ultrasound
energy, which region of interest may include the lesion.

[0114] Inoperation 730, the ultrasound processing appara-
tus 120 determines the threshold temperature of the region of
interest to be reached as a result of the therapeutic ultrasound
energy being irradiated. In particular, the temperature deter-
mining unit 124 determines the threshold temperature of the
region of interest to be reached by using the therapeutic
ultrasound energy being irradiated. Here, the threshold tem-
perature to be determined may refer to a predetermined tem-
perature at which the medicine previously administered to the
object may effectively penetrate into the region of interest, but
is not limited thereto.

[0115] Inoperation 740, the ultrasound processing appara-
tus 120 generates the therapeutic ultrasound energy to be
irradiated upon the region of interest by using the information
which relates to the position of the region of interest and the
information which relates to the determined threshold tem-
perature. In particular, the ultrasound forming unit 125 gen-
erates the therapeutic ultrasound energy by using the infor-
mation which relates to the position of the region of interest
received from the region of interest setting unit 123 and the
information which relates to the threshold temperature
received from the temperature determining unit 124.

[0116] Conversely, the above-described method may be
created by computer executable programs and may be imple-
mented by a general-purpose digital computer that operates
the programs by using a transitory or non-transitory computer
readable recording medium. In addition, a structure of data
used by the above-described method may be recorded in the
computer readable recording medium via any one or more of
various units. The computer readable recording medium
includes a storage medium such as, for example, any one or
more of a magnetic storage medium (for example, a read only
memory (ROM), a random access memory (RAM), an USB,
a floppy disk, and a hard disk), and/or an optical reading
medium (for example, a CD-ROM and a digital versatile disk
(DVD)).

[0117] Itshould be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

[0118] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the present inventive concept as
defined by the following claims.
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What is claimed is:

1. An ultrasound irradiation apparatus, comprising:

first transducers configured to irradiate first ultrasound

energy upon an object and to receive an echo signal
which corresponds to the irradiated first ultrasound
energy;

second transducers configured to irradiate second ultra-

sound energy upon a region of interest which is detet-
mined based on a result of processing of the received
echo signal; and

a contact pad configured to facilitate a contact between the

first transducers and the object, and to facilitate a contact
between the second transducers and the object.

2. The ultrasound irradiation apparatus of claim 1, wherein
the first transducers form a first two-dimensional array struc-
ture, and wherein the second transducers form a second two-
dimensional array structure.

3. The ultrasound irradiation apparatus of claim 1, wherein
the first transducers are arranged in a first plane, and wherein
the second transducers are arranged in a second plane.

4. The ultrasound irradiation apparatus of claim 1, further
comprising a belt configured to fix the ultrasound irradiation
apparatus to the object.

5. The ultrasound irradiation apparatus of claim 1, wherein
the second ultrasound energy comprises an amount of ultra-
sound energy which is sufficient for increasing a temperature
of the region of interest to a predetermined temperature in
order to facilitate a penetration of medicine into the region of
interest.

6. The ultrasound irradiation apparatus of claim 1, wherein
the first ultrasound energy comprises ultrasound energy to be
used for generating an image that represents at least one from
among the object and a change in temperature of the region of
interest.

7. The ultrasound irradiation apparatus of claim 1,

wherein the contact pad comprises at least one from among

degassed water and deionized water, and

wherein a material of the contact pad comprises at least one

from among a Mylar material and a thermal protection
material.

8. A method for irradiating ultrasound energy upon a
region of interest, the method comprising:

irradiating first ultrasound energy upon an object and

receiving an echo signal which corresponds to the irra-
diated first ultrasound energy;

determining a region of interest upon which second ultra-

sound energy is to be irradiated by using the received
echo signal;

determining a threshold temperature of the region of inter-

est to be reached as a result of the second ultrasound
energy being irradiated; and

generating a sufficient amount of the second ultrasound

energy to be irradiated upon the region of interest by
using information relating to a position of the deter-
mined region of interest and information relating to the
determined threshold temperature.

9. The method of claim 8, further comprising generating an
image that represents a change in temperature of the region of
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interest by using the received echo signal after commencing
irradiating the second ultrasound energy upon the region of
interest.

10. The method of claim 9, wherein the generating the
sufficient amount of the second ultrasound energy comprises
using information which relates to the change in temperature
of the region of interest.

11. The method of claim 9, wherein the generating the
image that represents the change in temperature of the region
of interest comprises:

obtaining first temperature information which relates to the

region of interest by using the received echo signal prior
to the commencing irradiating the second ultrasound
energy upon the region of interest;

obtaining second temperature information which relates to

the region of interest by using the received echo signal
after the commencing irradiating the second ultrasound
energy upon the region of interest; and
generating the image that represents the change in tem-
perature of the region of interest based on a result of a
comparison between the obtained first temperature
information and the obtained second temperature infor-
mation.
12. The method of claim 11, wherein each of the first
temperature information and the second temperature infor-
mation is obtained based on at least one from among an
amplitude of the received echo signal and a phase of the
received echo signal.
13. The method of claim 8, further comprising generating
an image that represents the object by using information
included in the received echo signal.
14. The method of claim 8, wherein the second ultrasound
energy comprises an amount of ultrasound energy which is
sufficient for increasing a temperature of the region of interest
to a predetermined temperature in order to facilitate a pen-
etration of medicine into the region of interest.
15. A non-transitory computer readable storage medium
storing a computer program for executing the method of
claim 8 in a computer.
16. An ultrasound system, comprising:
an ultrasound irradiation apparatus which includes first
transducers configured to irradiate first ultrasound
energy upon an object and to receive an echo signal
which corresponds to the irradiated first ultrasound
energy and second transducers configured to irradiate
second ultrasound energy upon a region of interest; and

an ultrasound processing apparatus configured to deter-
mine the region of interest upon which the second ultra-
sound energy is to be irradiated by using the received
echo signal, to determine a threshold temperature of the
region of interest to be reached as a result of the second
ultrasound energy being irradiated, to generate the sec-
ond ultrasound energy by using information which
relates to a position of the determined region of interest
and information which relates to the determined thresh-
old temperature, and to transmit a signal which corre-
sponds to the generated second ultrasound energy to the
ultrasound irradiation apparatus.
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