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(7) ABSTRACT

A method of generating a temperature map showing a tem-
perature change in a predetermined part by irradiating ultra-
sound waves on a moving organ includes generating refer-
ence frames indicating images of an observed part including
a treatment part in the predetermined organ during a prede-
termined period related to a movement cycle of the predeter-
mined organ from echo signals transduced from reflected
waves of ultrasound waves for diagnosis irradiated on the
observed part during the predetermined period: generating a
current frame indicating an image of the observed part at a
time an ultrasound wave for treatment is irradiated on the
treatment part from the echo signals; selecting a comparison
frame that is one of the reference frames based on a similarity
between the reference frames and the current frame; and
generating a temperature map showing a temperature change
in the observed part based on a difference between the com-
parison and current frames.
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METHOD OF GENERATING TEMPERATURE
MAP SHOWING TEMPERATURE CHANGE
AT PREDETERMINED PART OF ORGAN BY
IRRADIATING ULTRASOUND WAVE ON
MOVING ORGANS, AND ULTRASOUND
SYSTEM USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2012-0075747, filed on
Jul. 11, 2012, in the Korean Intellectual Property Office, the
disclosures of which are incorporated herein in their entirety
by reference.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to a method of
generating a temperature map showing a temperature change
at a predetermined part of an organ by irradiating an ultra-
sound wave on moving organs, and an apparatus for generat-
ing a temperature map.

[0004] 2. Description of the Related Art

[0005] Along with the development of medical science, a
typical treatment for a tumor has developed from invasive
surgeries, such as an abdominal operation, to minimally inva-
sive surgeries. At present, non-invasive surgeries are also
developed, and thus, a gamma knife, a cyber knife, a High
Intensity Focused Ultrasound (HIFU) knife, and so forth are
used. Particularly, among these knives, the recently com-
monly used HIFU knife is widely used in a therapy that is
harmless to a human body and is eco-friendly by using ultra-
sound waves.

[0006] HIFU therapy using an HIFU knife is a surgery
method for removing and curing a tumor by focusing and
irradiating HIFU on a tumor part to be cured to cause focal
destruction or necrosis of tumor tissue.

SUMMARY

[0007] Provided are methods and apparatuses for a method
of generating a temperature map showing a temperature
change at a predetermined part of an organ by irradiating an
ultrasound wave on moving organs, and an apparatus for
generating a temperature map.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0009] According to an aspect of the present disclosure, a
method of generating a temperature map showing a tempera-
ture change before and after an ultrasound wave for treatment
is irradiated on a treatment part of a predetermined organ
includes generating a plurality of reference frames indicating
images of an observed part including a treatment part in the
predetermined organ in a patient during a predetermined
period related to a movement cycle of the predetermined
organ from echo signals that are transduced from reflected
waves of ultrasound waves for diagnosis irradiated on the
observed part during the predetermined period; generating a
current frame indicating an image of the observed part at a
time an ultrasound wave for treatment is irradiated on the
treatment part from the echo signals that are transduced from
the reflected waves of the ultrasound waves for diagnosis
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irradiated on the observed part; selecting a comparison frame
that is one of the reference frames based on a similarity
between the reference frames and the current frame; and
generating a temperature map showing a temperature change
in the observed part based on a difference between the com-
parison frame and the current frame.

[0010] The selecting of the comparison frame may include
selecting a frame that is the most similar to the current frame
from among the reference frames as the comparison frame.
[0011] The selecting of the comparison frame may include
determining a frame that is the most similar to the current
frame from among the reference frames based on a difference
between pixel values of each of the reference frames and pixel
values of the current frame and selecting the reference frame,
which is determined as the most similar frame to the current
frame, as the comparison frame.

[0012] The predetermined period may include a breathing
cycle of the patient that corresponds to the movement cycle of
the predetermined organ, and the generating of the plurality
of reference frames may include generating the reference
frames during the breathing cycle of the patient.

[0013] The predetermined period may include a pause
period between a breathing motion in which the movement of
the predetermined organ is relatively small in the movement
cycle of the predetermined organ, and the generating of the
plurality of reference frames may include generating the ref-
erence frames during the pause period between the breathing
motion.

[0014] The generating of the current frame may include
generating the current frame from the echo signals that are
transduced from the reflected waves of the ultrasound waves
for diagnosis irradiated on the observed part during the pause
period between the breathing motion.

[0015] The generating of the current frame may include
generating current frames indicating images of the predeter-
mined organ from the echo signals that are transduced from
the reflected waves of the ultrasound waves for diagnosis
irradiated on a plurality of cross-sectional images forming the
observed part, and the generating of the temperature map may
include generating a three-dimensional (3D) temperature
map by accumulating a plurality of temperature maps gener-
ated from the generated current frames.

[0016] The selecting of the comparison frame may include
selecting candidate reference frames from among the plural-
ity of reference frames by considering an estimated position
of the observed part at a time corresponding to the movement
cycle of the predetermined organ or a time the current frame
is generated.

[0017] Each of the reference frames may be obtained by
replacing areference frame generated at a time corresponding
to atime the current frame is generated with the current frame
by considering the movement cycle of the predetermined
organ.

[0018] Each of the generating of the temperature map may
include generating the temperature map by detecting a differ-
ent type of waveform change between echo signals for gen-
erating the comparison frame selected from among the refer-
ence frames and echo signals for generating the current
frame.

[0019] According to an aspect of the present disclosure, an
ultrasound system to generate a temperature map showing a
temperature change before and after an ultrasound wave for
treatment is irradiated on a treatment part of a predetermined
organ in a patient may include: an ultrasound diagnosis
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device to irradiate ultrasound waves for diagnosis on an
observed part including the treatment part in the predetet-
mined organ inside the patient during a predetermined period
related to a movement cycle of the predetermined organ; an
ultrasound treatment device to irradiate the ultrasound waves
for treatment on the treatment part; and an ultrasound data
processing device to generate the temperature map showing
the temperature change in the observed part based on a dif-
ference between any one of a plurality of reference frames
indicating images of the observed part that are generated from
echo signals transduced from reflected waves of the ultra-
sound waves for diagnosis irradiated during the predeter-
mined period and a current frame indicating an image of the
observed part that is generated at a time the ultrasound wave
for treatment is irradiated on the treatment part from the echo
signals that are transduced from the reflected waves of the
ultrasound waves for diagnosis.

[0020] The ultrasound data processing device may include
a comparison frame generator for selecting a frame that is the
most similar to the current frame from among the reference
frames as a comparison frame.

[0021] The comparison frame generator determines a
frame that is the most similar to the current frame from among
the reference frames based on a difference between pixel
values of each of the reference frames and pixel values of the
current frame and selects the reference frame, which is deter-
mined as the most similar frame to the current frame, as the
comparison frame.

[0022] The predetermined period is a breathing cycle of the
patient that corresponds to the movement cycle of the prede-
termined organ, and the ultrasound data processing device
may include a reference frame generator for generating the
reference frames during the breathing cycle of the patient.
[0023] The predetermined period may include a pause
period between a breathing motion in which the movement of
the predetermined organ is relatively small in the movement
cycle of the predetermined organ, and the ultrasound data
processing device may include a reference frame generator
for generating the reference frames during the pause period
between the breathing motion.

[0024] Thereference frame generator generates the current
frame from the echo signals that are transduced from the
reflected waves of the ultrasound waves for diagnosis irradi-
ated on the observed part during the pause period between the
breathing motion.

[0025] Theultrasound data processing device may include:
a current frame generator to generate current frames indicat-
ing images of the predetermined organ from the echo signals
that are transduced from the reflected waves of the ultrasound
waves for diagnosis irradiated on a plurality of cross-sec-
tional images forming the observed part; and a temperature
map generator to generate a three-dimensional (3D) tempera-
ture map by accumulating a plurality of temperature maps
generated from the generated current frames.

[0026] The reference frame generator may include a refer-
ence frame selector to select candidate reference frames from
among the plurality of reference frames by considering an
estimated position of the observed part at a time correspond-
ing to the movement cycle of the predetermined organ or a
time the current frame is generated.

[0027] The reference frame generator may replace a refer-
ence frame generated at a time corresponding to a time the
current frame is generated with the current frame by consid-
ering the movement cycle of the predetermined organ.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawings will be provided
by the Office upon request and payment of the necessary fee.
These and/or other aspects will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings in which:

[0029] FIG. 1A is a conceptual diagram of an ultrasound
system according to an embodiment of the present disclosure;
[0030] FIG. 1B is a configuration diagram of an ultrasound
treatment apparatus according to an embodiment of the
present disclosure;

[0031] FIG. 2 is a block diagram of an ultrasound data
processing device in the ultrasound system of FIG. 1A,
according to an embodiment of the present disclosure;
[0032] FIG. 3 is a block diagram of a reference frame
generator in the ultrasound data processing device of FIG. 2,
according to an embodiment of the present disclosure;
[0033] FIGS. 4A to 4E are diagrams for describing an
operation of the reference frame generator of FIG. 3, accord-
ing to an embodiment of the present disclosure;

[0034] FIGS. 5A to 5C are diagrams for describing an
operation of a comparison frame selector shown in FIG. 3,
according to an embodiment of the present disclosure;
[0035] FIG. 6 is a graph showing a measured movement
displacement of a predetermined internal organ, according to
an embodiment of the present disclosure;

[0036] FIGS. 7A and 7B are images for describing opera-
tions of a comparator and a temperature map generator in the
ultrasound data processing device of FIG. 2, according to an
embodiment of the present disclosure;

[0037] FIG. 8is a flowchart illustrating a method of gener-
ating a temperature map of an organ using an ultrasound
wave, according to an embodiment of the present disclosure;
[0038] FIGS. 9A to 9H are diagrams for describing a
method of generating, by a controller, an image suitable for
rapid and accurate tracking of a predetermined internal organ
including a treatment part from medical images of a patient
for a predetermined period, according to an embodiment of
the present disclosure;

[0039] FIG. 10 is a flowchart illustrating a method of gen-
erating a temperature map of a moving organ using an ultra-
sound wave in an ultrasound treatment and diagnosis system
for treating a patient in response to the movement of an
internal organ, according to an embodiment of the present
disclosure;

[0040] FIG. 11 is a diagram for describing constructing a
reference frame database (DB) in the reference frame genera-
tor (operation 1050) in the method of FIG. 10, according to an
embodiment of the present disclosure;

[0041] FIG. 12 s a diagram for describing a pause between
a breathing motion;

[0042] FIG. 13 is a flowchart illustrating a method of mea-
suring a temperature of an internal organ using an ultrasound
wave in an ultrasound treatment and diagnosis system for
treating the internal organ in a pause between a breathing
motion, according to an embodiment of the present disclo-
sure;

[0043] FIG. 14 is a diagram for describing constructing a
reference frame DB in the reference frame generator (opera-
tion 1350) in the method of F1G. 13, according to an embodi-
ment of the present disclosure; and
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[0044] FIG. 15 is a diagram for describing a method of
generating a temperature map that is characterized in that an
ultrasound diagnosis device operates at a fixed position
thereof in an ultrasound treatment and diagnosis system for
treating an internal organ, according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0045] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion.

[0046] FIG. 1A is a conceptual diagram of an ultrasound
system 1 according to an embodiment of the present disclo-
sure. Referring to FIG. 1A, the ultrasound system 1 includes
an ultrasound treatment device 10, an ultrasound diagnosis
device 20, an ultrasound data processing device 30, a display
device 40, and a driving device 60. Only components associ-
ated with the current embodiment are included in the ultra-
sound system 1 shown in FIG. 1A. Thus, it will be understood
by one of ordinary skill in the art that other general-use
components may be further included in addition to the com-
ponents shown in FIG. 1A. In addition, external medical
images captured by medical experts for the diagnosis of
patients may be input to the ultrasound data processing device
30, according to an embodiment of the present disclosure to
be described below.

[0047] When a tumor in a patient is treated, the ultrasound
treatment device 10 in the ultrasound system 1 heats the
tumor by irradiating an ultrasound wave for treatment on a
treatment part 50 of the tumor, and the ultrasound diagnosis
device 20 irradiates an ultrasound wave for diagnosis on a
surrounding part (hereinafter, referred to as “observed part™)
including the treatment part 50 and receives reflected waves
of the irradiated ultrasound wave. Thereafter, the ultrasound
system 1 transduces the received reflected waves to echo
signals, acquires ultrasound images based on the echo sig-
nals, and diagnoses whether a therapy has been completed.
The heat indicates focal destruction or necrosis of tissue in the
treatment part 50. In detail, the ultrasound system 1 treats the
treatment part 50 using the ultrasound treatment device 10 for
irradiating the ultrasound wave for treatment on the treatment
part 50, e.g., a portion of the tumor, in the body of the patient
and monitors treatment results, such as a temperature of the
treatment part 50, using the ultrasound diagnosis device 20
for irradiating the ultrasound wave for diagnosis on the
observed part.

[0048] The ultrasound treatment device 10 may be called a
treatment probe. The ultrasound treatment device 10 may
irradiate the ultrasound wave for treatment on various parts of
apatient while moving under control of the driving device 60.
Alternatively, the ultrasound treatment device 10 may irradi-
ate the ultrasound wave for treatment on various parts of a
patient in a method of changing a focal position at which the
ultrasound wave for treatment is irradiated at a fixed position
thereof. That is, the ultrasound treatment device 10 generates
the ultrasound wave for treatment and irradiates the ultra-
sound wave for treatment on local tissue of a patient. As the
ultrasound wave for treatment, High Intensity Focused Ultra-
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sound (HIFU) having enough energy for necrosis of a tumor
in the body of a patient may be used. That is, the ultrasound
treatment device 10 corresponds to a device for irradiating
HIFU generally known as the ultrasound wave for treatment.
Because the HIFU is well-known to one of ordinary skill in
the art, a detailed description thereof is omitted. However, it
will be understood by one of ordinary skill in the art that the
ultrasound treatment device 10 is not limited to the device for
irradiating HIFU and any device may be included in the scope
of the ultrasound treatment device 10 as long as similarly to
the device for irradiating HIFU.

[0049] The method of changing a focal position at which
the ultrasound wave for treatment is irradiated at a fixed
position of the ultrasound treatment device 10 may use a
Phase Array (PA) method. The PA method uses the premise
that the ultrasound treatment device 10 includes a plurality of
elements 110, as shown in FIG. 1B, wherein the plurality of
elements 110 may individually irradiate an ultrasound wave
upon receiving a signal from the driving device 60 and may
have differently set timings for irradiating the ultrasound
waves. The individual irradiation of an ultrasound wave by
the plurality of elements 110 may enable the ultrasound treat-
ment device 10 to irradiate along with a moving lesion at a
fixed position of the ultrasound treatment device 10. Thus, the
PA method has the same effect as a method of irradiating an
ultrasound wave while the ultrasound treatment device 10 is
physically moving. Because the PA method is well-known to
one of ordinary skill in the art, a detailed description thereof
is omitted. In addition, although the ultrasound treatment
device 10 is formed in a circular shape in FIG. 1B, the ultra-
sound treatment device 10 may be formed in various shapes,
such as a rectangle, only if the ultrasound treatment device 10
1s represented by a sum of the plurality of elements 110.

[0050] The ultrasound diagnosis device 20 may be called a
diagnosis probe. The ultrasound diagnosis device 20 irradi-
ates the ultrasound wave for diagnosis towards the observed
part under control of the driving device 60. The observed part
may be wider than or the same as the treatment part 50. In
addition, the ultrasound diagnosis device 20 receives
reflected waves of the irradiated ultrasound wave for diagno-
sis from the part on which the ultrasound wave for diagnosis
is irradiated. In detail, the ultrasound diagnosis device 20 is
generally produced with a piezoelectric transducer. When an
ultrasound wave in a range from approximately 2 MHz to
approximately 18 MHz is propagated to a predetermined part
in the body of a patient from the ultrasound diagnosis device
20, the ultrasound wave is partially reflected from layers
between several different tissues. In particular, the ultrasound
wave is reflected from places in the body in which density
changes, e.g., blood cells in blood plasma, small tissue in
organs, etc. These reflected ultrasound waves, ie., the
reflected waves, cause the piezoelectric transducer to vibrate
and output electrical pulses in response to the vibration. In the
current embodiment, echo signals transduced from reflected
waves received by the ultrasound diagnosis device 20 are
additionally used to monitor a temperature change at the
observed part. That is, the echo signals may be used to moni-
tor a temperature change at the observed part in addition to
generally known generation of an ultrasound diagnosis
image. A method of monitoring a temperature change at the
observed part will be described below. The ultrasound diag-
nosis device 20 may also be implemented at a fixed position
thereof, and may be configured to have a size capable of
accommodating a predetermined internal organ including the
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treatment part 50. An embodiment in a case where a position
of the ultrasound diagnosis device 20 is fixed will be
described below.

[0051] Although the ultrasound treatment device 10 and the
ultrasound diagnosis device 20 are described as independent
devices in the current embodiment, the current embodiment is
not limited thereto, and the ultrasound treatment device 10
and the ultrasound diagnosis device 20 may be implemented
as individual modules in a single device or implemented as a
single device. That is, the ultrasound treatment device 10 and
the ultrasound diagnosis device 20 are not limited to only a
certain form. In addition, the ultrasound treatment device 10
and the ultrasound diagnosis device 20 are not limited to
being singular, and may each be plural. In addition, although
the ultrasound treatment device 10 and the ultrasound diag-
nosis device 20 irradiate ultrasound waves downwards above
the body of a patient in FIG. 1A, a method of irradiating
ultrasound waves in various directions, e.g., a method of
irradiating ultrasound waves upwards, from below the body
of a patient, may be implemented.

[0052] Thedriving device 60 controls positions of the ultra-
sound treatment device 10 and the ultrasound diagnosis
device 20. In detail, the driving device 60 receives position
information of the treatment part 50 from a controller (310 of
FIG. 2) to be described below and controls a position of the
ultrasound treatment device 10 so that the ultrasound treat-
ment device 10 correctly irradiates the ultrasound wave for
the treatment on the treatment part 50, and receives position
information of the observed part from the controller (310 of
FIG. 2) to be described below and controls a position of the
ultrasound diagnosis device 20 so that the ultrasound diagno-
sis device 20 correctly irradiates the ultrasound wave for the
diagnosis on the observed part and receives reflected waves of
the ultrasound wave for the diagnosis. When the ultrasound
treatment device 10 is used in the PA method, the controller
(310 of FIG. 2) to be described below measures the displace-
ment of a moving organ in response to a breathing motion and
calculates a timing when each element 110 forming the ultra-
sound treatment device 10 irradiates an ultrasound wave in
response to the movement of the treatment part 50 in the
organ. Thereafter, the controller 310 transmits the calculated
timing information to the driving device 60, and the driving
device 60 transmits a command for irradiating the ultrasound
wave for the treatment to each element 110 forming the ultra-
sound treatment device 10 in response to the received timing
information.

[0053] As described above, the ultrasound system 1 also
monitors a temperature change at the observed part using the
ultrasound diagnosis device 20. In a case of an ultrasound
therapy using the ultrasound wave for the treatment, such as
the HIFU, when the HIFU arrives at a portion of a tumor, a
temperature of this tumor portion may instantaneously
increase to more than 70° C. due to heat energy caused by the
HIFU. Theoretically, it is known that tissue destruction
occurs within approximately 110 msec at a temperature of
approximately 60° C. This high temperature causes coagula-
tive necrosis of tissue and blood vessels in the tumor portion.
According to the current embodiment, by real-time monitor-
ing of a temperature change at the observed part, it may be
correctly perceived whether a therapy is to be continued or
has been completed, so that an ultrasound therapy may be
efficiently performed. In more detail, even when an internal
organ moves due to breathing or other causes, a temperature
change at the observed part may be monitored in real-time,
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and thus, it may be correctly perceived whether the ultrasound
wave for treatment has been correctly irradiated on the treat-
ment part 50 or whether a therapy is to be continued or has
been completed.

[0054] FIG. 2 is a block diagram of the ultrasound data
processing device 30 in the ultrasound system 1 of FIG. 1A,
according to an embodiment of the present disclosure. Refer-
ring to FIG. 2 the ultrasound data processing device 30
includes the controller 310, a current frame generator 320, a
reference frame generator 330, a storage unit 340, a compara-
tor 350, a temperature map generator 360, a transducer 370,
and a comparison frame selector 380. For ease of description,
only components associated with the current embodiment are
included in the ultrasound data processing device 30 shown
FIG. 2. However, it will be understood by one ofordinary skill
in the art that other general-use components may be further
included in addition to the components shown in FIG. 2.
[0055] The controller 310 transmits position control sig-
nals indicating positions of the ultrasound treatment device
10 and the ultrasound diagnosis device 20 that are generated
based on motion information of a predetermined organ in the
body of a patient to the driving device 60. In detail, the
controller 310 generates a position control signal with respect
to a position at which the ultrasound treatment device 10
irradiates the ultrasound wave for treatment in response to the
movement of the treatment part 50 in the organ by using
displacement information measured based on the movement
of the organ in response to a breathing motion and transmits
the position control signal to the driving device 60. A process
of acquiring movement information of a predetermined organ
in the body of a patient is a preparation process for a medical
expert to diagnose a patient and may be performed even
outside of an operating room. For example, a movement
displacement of a liver due to breathing is as shown in FIG. 6.
In the movement displacement graph of FIG. 6, a period 610
showing a relatively large movement magnitude indicates an
inhalation or exhalation period of a breath, and a period 620
showing a relatively small movement magnitude indicates a
pause period between a breathing motion. These inhalation,
exhalation, and pause periods of a breathing motion are peri-
odically repeated.

[0056] In addition, the controller 310 generates a position
control signal with respect to a position at which the ultra-
sound diagnosis device 20 irradiates the ultrasound wave for
diagnosis and receives reflected waves thereof and transmits
the position control signal to the driving device 60. The con-
troller 310 may generate a position control signal for the
ultrasound diagnosis device 20 so that the ultrasound diagno-
sis device 20 periodically irradiates the ultrasound wave for
diagnosis on every section equal to or less than 0.2 mm on the
observed part, to obtain a plurality of reference frames to be
described below. For example, the controller 310 may gener-
ate an image suitable for rapid and accurate tracking of a
predetermined internal organ including the treatment part 50
from medical images for a breathing cycle of a patient to
generate position control signals for the ultrasound treatment
device 10 and the ultrasound diagnosis device 20, and an
embodiment of this method will be described below.

[0057] The transducer 370 receives, from the ultrasound
diagnosis device 20, reflected waves of the ultrasound wave
for diagnosis that are received by the ultrasound diagnosis
device 20. Thereafter, the transducer 370 transduces the
reflected waves of the ultrasound wave for diagnosis into echo
signals. An echo signal indicates a received beam formed an
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ultrasound Radio Frequency (RF) signal or a signal from
which anatomic information of a medium, such as a B-mode
image, is identified and temperature-related parameters are
extracted through processing. Thereafter, the transducer 370
transmits the echo signals to the current frame generator 320
and the reference frame generator 330 to be described below.
[0058] The current frame generator 320 receives echo sig-
nals that are transduced from reflected waves of the ultra-
sound wave for diagnosis that are irradiated on the observed
part by the ultrasound diagnosis device 20 at a current time,
i.e., when the ultrasound treatment device 10 irradiates the
ultrasound wave for treatment on the treatment part 50, and
generates a current frame indicating an image of the observed
part at the current time based on the received echo signals.
The current frame includes information about a position and
temperature of the observed part. An example of displaying
the current frame with different brightness values may be a
B-mode image. The B-mode image indicates an image in
which echo signals transduced from reflected waves of the
ultrasound wave for diagnosis are expressed by brightness
differences. In detail, a brightness value in a B-mode image
may increase in correspondence with the magnitude of an
echo signal. The current frame generator 320 may determine
whether the current frame generated by the current frame
generator 320 is a current frame generated in a pause period
between a breathing motion. The pause period between a
breathing motion indicates a period in which a movement
magnitude of an organ is relatively smaller than an inhalation
or exhalation period within one breathing cycle.

[0059] The operation described above indicates a case
where the current frame generator 320 generates a single
current frame. However, the current frame generator 320 may
generate a plurality of current frames. That is, for the tem-
perature map generator 360, to be described below, to gener-
ate a completed temperature map of a three-dimensional (3D)
volume for the observed part, the ultrasound diagnosis device
20 may receive reflected waves of ultrasound waves for diag-
nosis that are irradiated while changing a position and orien-
tation thereof, and the current frame generator 320 may gen-
erate a plurality of current frames indicating a plurality of
cross-sectional images forming the observed part by using
echo signals transduced from the reflected waves.

[0060] The reference frame generator 330 receives echo
signals transduced from reflected waves of ultrasound waves
for diagnosis from the transducer 370 and generates reference
frames indicating an image of the observed part at a corre-
sponding time by using the received echo signals. Each of the
reference frames includes information about a position and
temperature of the observed part. The observed part may
specify a proper part including the treatment part 50 in a
predetermined internal organ. Each of the reference frames is
generally generated as a frame including temperature infor-
mation of the observed part before the ultrasound wave for
treatment is irradiated on the treatment part 50 by the ultra-
sound treatment device 10. That is, to finally observe a rela-
tive temperature change between before and after the ultra-
sound wave for treatment is irradiated on the treatment part
50, the reference frames may be generated before the ultra-
sound wave for treatment is irradiated on the treatment part 50
by the ultrasound treatment device 10.

[0061] Alternatively, a current frame generated when the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50 may be used as a
reference frame. This is implemented by a method of updat-
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ing a reference frame database (DB) by a current frame,
which is described below. This causes a reference frame to be
generated in a process of irradiating the ultrasound wave for
treatment on the treatment part 50 in the ultrasound treatment
device 10 instead of generating the reference frame before the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50. The reference frame
DB updated by the current frame is used when temperature-
related parameters are extracted by Echo-Shift (ES) method.
The ES method is described below. A detailed description of
the method of updating the reference frame DB will be made
below.

[0062] The storage unit 340 stores the current frame gen-
erated by the current frame generator 320 or the reference
frames generated by the reference frame generator 330,
respectively.

[0063] The comparator 350 generates a temperature map of
the current frame by comparing the echo signals forming the
current frame generated by the current frame generator 320
with the echo signals forming the comparison frame selected
by the comparison frame selector 380 so that the temperature
map generator 360 generates a completed temperature map
from which a temperature change of the observed part is
observed according to various criteria, and this is imple-
mented by extracting temperature-related parameters. The
comparator 350 generates a temperature map of the current
frame that corresponds to a temperature change between the
observed part shown in a reference frame and the observed
part shown in the current frame based on a result of extracting
the temperature-related parameters. For example, the tem-
perature map of the current frame indicates a map displaying
a physical amount proportional to a temperature, a map dis-
playing a relative temperature change between the observed
part shown in a reference frame and the observed part shown
in the current frame, or a map displaying an unconditional
temperature of the observed part shown in the current frame,
etc.

[0064] A method of generating the map displaying a rela-
tive temperature change between the observed part shown in
a reference frame and the observed part shown in a current
frame will now be described. As a method of extracting tem-
perature-related parameters, a Change in Backscattered
Energy (CBE) method, the ES method, and a method of
calculating a change of B/A are known.

[0065] A method of extracting temperature-related param-
eters using the CBE method s first described. The comparator
350 compares echo signals forming a reference frame with
echo signals forming a current frame and detects an ampli-
tude-changed portion from the echo signals forming the cur-
rent frame. Thereafter, the comparator 350 detects a tempera-
ture change corresponding to a detected amplitude-changed
level from a mapping table stored in the storage unit 340 and
generates a temperature map of the current frame that corre-
sponds to a relative temperature change between the observed
part shown in the reference frame and the observed part
shown in the current frame by using the detected temperature
change value. The mapping table includes amplitude change
values of a plurality of echo signals predefined as able to be
transduced from reflected waves of the ultrasound wave for
diagnosis and temperature change values mapped one-to-one
to the amplitude change values. In the mapping table, a tem-
perature change value mapped to a certain amplitude change
value indicates a temperature change value of the treatment
part 50 that is predicted from the certain amplitude change
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value. According to an embodiment of the present disclosure,
a comparison frame selected from among reference frames
generated before the ultrasound treatment device 10 irradi-
ates the ultrasound wave for treatment on the treatment part
50 may be compared with a current frame generated when the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50.

[0066] Next, a method of extracting temperature-related
parameters using the ES method is described. The comparator
350 compares echo signals forming a reference frame with
echo signals forming a current frame, detects a portion in
which an echo signal speed (i.e., echo time) is changed, i.e., a
portion in which an echo signal delay occurs, from among the
echo signals forming the current frame, and calculates a delay
variation by differentiating the echo signal delay by a dis-
tance. Thereafter, the comparator 350 detects a temperature
change corresponding to a detected echo signal delay varia-
tion level from a mapping table stored in the storage unit 340
and generates a temperature map of the current frame that
corresponds to a relative temperature change between the
observed part shown in the reference frame and the observed
part shown in the current frame by using the detected tem-
perature change value. The mapping table may be obtained by
considering a speed change and thermal expansion in tissue
according to a temperature. In the mapping table, a tempera-
ture change value mapped to a value of a certain echo signal
delay variation level indicates a temperature change value of
the treatment part 50 that is predicted from the value of the
certain echo signal delay variation level. According to an
embodiment of the present disclosure, a current frame gen-
erated when the ultrasound treatment device 10 irradiates the
ultrasound wave for treatment on the treatment part 50 may be
compared with a comparison frame, selected from among
reference frames, generated at a time approximately equal to
a time the current frame is generated. The reason is because
the temperature map of the current frame corresponding to a
relative temperature change between the observed part shown
in the reference frame and the observed part shown in the
current frame may show a large difference from an actual
temperature change, if a time difference between when the
comparison frame selected from among the reference frames
is generated and when the current frame is generated is large
in the ES method.

[0067] Finally, a method of extracting temperature-related
parameters using the method of calculating a change of B/A
is described. B/A denotes a value indicating a nonlinear char-
acteristic of an echo signal speed changed in response to a
temperature of the observed part on which the ultrasound
wave for diagnosis is irradiated. B/A is described in detail in
“Estimation of temperature distribution in biological tissue
by acoustic nonlinearity parameter” (written by Zhang, D.,
Gong, X. F.) published in 2006. The comparator 350 com-
pares B/A values of the echo signals forming the reference
frame with B/A values of the echo signals forming the current
frame to detect a portion in which a B/A value is changed
from among the echo signals forming the current frame.
Thereafter, the comparator 350 detects a temperature change
corresponding to a detected echo signal B/A change value
from a mapping table stored in the storage unit 340 and
generates a temperature map of the current frame that corre-
sponds to a relative temperature change between the observed
part shown in the reference frame and the observed part
shown in the current frame by using the detected temperature
change value. The mapping table includes B/A change values
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of a plurality of echo signals predefined as capable of being
generated by irradiation of the ultrasound wave for diagnosis
and temperature change values mapped one-to-one to the B/A
change values. In the mapping table, a temperature change
value mapped to a B/A change value of a certain echo signal
indicates a temperature change value of the treatment part 50
thatis predicted from the B/A change value ofthe certain echo
signal.

[0068] The map displaying an unconditional temperature
of the observed part shown in the current frame indicates a
map displaying a correct temperature of the observed part
shown in the current frame. In general, before the ultrasound
treatment device 10 irradiates the ultrasound wave for treat-
ment, a temperature of the observed part corresponds to a
normal temperature of a human body. Thus, the comparator
350 extracts the parameters related to the temperature and
generates a map displaying an unconditional temperature
value by adding a body temperature of a patient to a relative
temperature increase value of the observed part shown in the
current frame that is compared with the observed part shown
in the reference frame by using the extracted temperature-
related parameters. A detailed method of extracting the tem-
perature-related parameters is the same as described in the
method of generating a map displaying a relative temperature
change.

[0069] In addition, the map displaying a physical amount
proportional to a temperature indicates a temperature map
generated directly using delay variations, amplitude change
values, or B/A values between the echo signals forming the
reference frame and the echo signals forming the current
frame. In general, because these values are proportional to a
temperature, information about a temperature change may be
obtained even though the physical amount is displayed as it is.
[0070] The temperature map generator 360 generates a
completed temperature map from which a temperature
change of the observed part is observed according to various
criteria, by using the temperature map of the current frame
that is generated by the comparator 350. A method of gener-
ating the completed temperature map is described in detail
below.

[0071] A comparison frame selecting process will now be
described with reference to FIGS. 3, 4A, 4B, and 4C.
[0072] FIG. 3 is a block diagram of the reference frame
generator 330 and the comparison frame selector 380, accord-
ing to an embodiment of the present disclosure. The reference
frame generator 330 may include a reference frame DB gen-
erator 331, and may further include a candidate reference
frame selector 332, if necessary.

[0073] The reference frame DB generator 331 receives,
from the transducer 370, echo signals that are transduced
from reflected waves received by the ultrasound diagnosis
device 20 and generates reference frames indicating an image
of the observed part by using the received echo signals. In
addition, the reference frame DB generator 331 receives,
from the storage unit 340, reference frames that are previ-
ously generated by the reference frame DB generator 331 and
stored in the storage unit 340 and builds a reference frame DB
by gathering the reference frames generated by the reference
frame DB generator 331 and the reference frames stored in
the storage unit 340. In detail, as shown in FIG. 4A, the
controller 310 measures a movement displacement of a pre-
determined internal organ including the treatment part 50 as
shown in a graph 411 and transmits position information of
the predetermined internal organ including the treatment part
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50, which corresponds to the movement displacement, to the
driving device 60. The movement displacement of the prede-
termined internal organ may indicate a movement displace-
ment of the organ due to breathing of a human body. The
driving device 60 receives position information transmitted
from the controller 310 and controls a position of the ultra-
sound diagnosis device 20. The ultrasound diagnosis device
20 irradiates the ultrasound wave for diagnosis on the
observed part, receives reflected waves thereof, and transmits
the reflected waves to the transducer 370. The transducer 370
transduces the received reflected waves into echo signals and
transmits the echo signals to the reference frame DB genera-
tor 331. The reference frame DB generator 331 generates
reference frames indicating an image of the observed part by
using the echo signals, as shown in an image 412. In addition,
the reference frame DB generator 331 receives, from the
storage unit 340, reference frames that are previously gener-
ated by the reference frame DB generator 331 and stored in
the storage unit 340 and builds a reference frame DB 421 by
gathering the reference frames generated by the reference
frame DB generator 331 and the reference frames stored in
the storage unit 340.

[0074] In addition, as shown in FIG. 4D, the reference
frame DB generator 331 may receive a current frame gener-
ated by the current frame generator 320 from the current
frame generator 320 and update reference frames. In detail,
the reference frame DB generator 331 may update reference
frames by replacing a reference frame generated at an arbi-
trary time in a breathing cycle before a current breathing cycle
by a current frame generated at a corresponding time in the
current breathing cycle. This causes a reference frame to be
obtained while the ultrasound treatment device 20 is irradiat-
ing the ultrasound wave for treatment on the treatment part
50, and this obtained reference frame may be used to extract
temperature-related parameters in the ES method.

[0075] An embodiment of an operation of the candidate
reference frame selector 332 will now be described with
reference to FIGS. 4C and 4E. The candidate reference frame
selector 332 receives position information corresponding to a
movement displacement of a predetermined internal organ
from the controller 310 and selects candidate reference
frames from a reference frame DB. In detail, the controller
310 generates position control signals for the ultrasound
treatment device 10 and the ultrasound diagnosis device 20.
In particular, the controller 310 may generate a position con-
trol signal for the ultrasound treatment device 10 to irradiate
the ultrasound wave for treatment on the treatment part 50
along with the movement of an internal organ of a patient. An
embodiment of generating a position control signal for the
ultrasound treatment device 10 to irradiate along with the
movement of an internal organ of a patient will be described
below. In correspondence with that the controller 310 gener-
ates a position control signal for the ultrasound treatment
device 10 so that the ultrasound treatment device 10 follows
the movement of an internal organ of a patient, in detail, the
movement of the treatment part 50, the controller 310 needs to
generate a position control signal for the ultrasound diagnosis
device 20 so that the ultrasound diagnosis device 20 also
follows the movement of the observed part. As such, the
ultrasound diagnosis device 20 receives reflected waves by
irradiating the ultrasound wave for diagnosis on the observed
part in response to a position control signal of the controller
310, and the current frame generator 320 generates a current
frame by using echo signals transduced from the reflected
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waves. The candidate reference frame selector 332 selects a
reference frame to be compared with such a generated current
frame from among frames in the DB built by the reference
frame DB generator 331. In detail, the candidate reference
frame selector 332 may select candidate reference frames
from among the frames in the DB built by the reference frame
DB generator 331 and finally select a reference frame from
the candidate reference frames.

[0076] A method of selecting candidate reference frames in
the candidate reference frame selector 332 will now be
described in detail. First, it is assumed that a current time a
reference frame is generated in a breathing cycle of a human
body is t,,,, and a time a previous reference frame is gener-
ated is t,. In addition, it is assumed that a central position of
the treatment part 50 or the observed part at the time t, is P,,(X,
v, 7), and a central position thereof at the time t,,, is P, (X,
v, 7). In addition, the candidate reference frame selector 332
uses an error range +0P,, of an estimated position of the
observed part that is previously input by a user. That is, a
movement displacement of a predetermined internal organ
moving according to a breathing motion of a patient main-
tains a certain level of similarity, but a position of the prede-
termined internal organ may minutely vary. Thus, an esti-
mated position of the observed part at an arbitrary time in a
breathing cycle may be different from an actual position of
the observed part at the arbitrary time. Accordingly, to select
candidate reference frames, the candidate reference frame
selector 332 may use P, (X, y, z) denoting an estimated
position of the observed part and +dP,,, denoting an error
range thereof. The estimated position P, (X, y, z) of the
observed part is obtained from position information corre-
sponding to a movement displacement of a predetermined
internal organ which the candidate reference frame selector
332 receives from the controller 310, and the error range
*3P, ., is pre-set as a predetermined proper error value by the
user.

[0077] Thus, as shown in FIG. 4C, the candidate reference
frame selector 332 may select reference frames in a range of
P, +0P,,, as candidate reference frames 432 from among
reference frames 431 in a reference frame DB by using the
estimated position of the observed part and the error range
+3P ., thereof that are described above. Inaddition, as shown
in FIG. 4E, the candidate reference frame selector 332 may
select reference frames in a common range of reference
frames 453, which are generated at an estimated position 451
of the observed part and in an error range thereof, and refer-
ence frames 454, which are generated for a breathing cycle
452 of a patient and an error range thereof, as candidate
reference frames 455 from among reference frames in a ref-
erence frame DB by considering both the estimated position
451 of the observed part and the breathing cycle 452 of the
patient, which is measured by the controller 310.

[0078] AsshowninFIG. 4B, the comparison frame selector
380 calculates a similarity between reference frames in the
reference frame DB 421 and a current frame 422 generated by
the current frame generator 320 and selects a reference frame
having the highest similarity to the current frame 422 as a
comparison frame 423. Alternatively, when the reference
frame generator 330 includes the candidate reference frame
selector 332, the comparison frame selector 380 calculates a
similarity between reference frames 431 or 455 and the cur-
rent frame 422 generated by the current frame generator 320
and selects a reference frame having the highest similarity to
the current frame 422 as the comparison frame 423.
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[0079] An embodiment of selecting, by the comparison
frame selector 380, a comparison frame from among refer-
ence frames in a reference frame DB will now be described
with reference to FIGS. 5A to 5C. As shown in FIG. 5A, the
comparison frame selector 380 selects a comparison area
5111 from a current frame and performs image matching on
a search area 5113 of each of the reference frames in opera-
tion 511 to find a matching area 5112 that is the most similar
to the comparison area 5111. The search area 5113 indicates
aposition of each of the reference frames, which corresponds
to a position at which the comparison area 5111 is located in
the current frame. In addition, the search area 5113 is selected
as a wider area including the comparison area 5111. There-
after, the comparison frame selector 380 calculates a similar-
ity between the matching area 5112 selected from each of the
reference frames and the comparison area 5111 of the current
frame in operation 512 and selects a reference frame having
the most similarity as a comparison frame in operation 513.
This process will now be described in detail.

[0080] First, the comparison frame selector 380 may
specify the comparison area 5111 from the current frame. The
comparison area 5111 may be selected by excluding an area
on which the ultrasound treatment device 10 irradiates the
ultrasound wave for treatment. The reason is because the
treatment part 50 in the current frame that is the area on which
the ultrasound treatment device 10 irradiates the ultrasound
wave for treatment is not an area suitable to measure a simi-
larity between a current frame and a reference frame before
and after the ultrasound wave for treatment is irradiated,
because ultrasound images before and after the ultrasound
wave for treatment is irradiated may be different from each
other due to tissue degeneration by energy of the ultrasound
wave for treatment. Moreover, in addition to the exclusion of
the treatment part 50 that is the area on which the ultrasound
treatment device 10 irradiates the ultrasound wave for treat-
ment, an area including many landmark points, such as blood
vessels distributed in an internal organ, may be selected. The
comparison area 5111 in the current frame may be selected in
a singular or plural form.

[0081] Thereafter, the comparison frame selector 380 pet-
forms image matching between the search area 5113 and the
comparison area 5111 in operation 511 to find the matching
area 5112 that is an area most similar to the comparison area
5111. However, although a plurality of comparison areas
5111 may be selected from the current frame as described
above, an embodiment of performing image matching in
operation 511 when only one matching area 5112 is selected
is described hereinafter. The image matching (operation 511)
includes template matching and speckle matching. When a
plurality of comparison areas 5111 are selected, the image
matching (operation 511) to be described below is repeatedly
performed for the plurality of comparison areas 5111.

[0082] The comparison frame selector 380 performs tem-
plate matching between the comparison area 5111 in the
current frame and the search area 5113 in the reference frame
to find the matching area 5112 in the reference frame. The
search area 5113 in the reference frame is selected as a wider
area than the comparison area 5111 in the current frame. The
comparison frame selector 380 performs the template match-
ing to find the matching area 5112 in the pixel unit of an
image. The comparison frame selector 380 performs the
speckle tracking to determine the matching area 5112 more
precisely than a pixel unit of an image.
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[0083] Because concrete algorithms for performing the
template matching and the speckle tracking are well-known
to oneofordinary skill in the art, a detailed description thereof
is omitted.

[0084] The left side of FIG. 5B shows an embodiment of
performing the template matching between a current frame
and a reference frame in the comparison frame selector 380.
The comparison frame selector 380 selects a search area 5220
to be compared with a comparison area 5210 in the current
frame from the reference frame. In detail, the comparison
frame selector 380 performs the template matching in a
method of performing the comparison by moving the com-
parison area 5210 pixel-by-pixel in the search area 5220 in the
reference frame. The search area 5220 in the reference frame
is selected as a wider area than the comparison area 5210 in
the current frame. The template matching described above is
a method of finding an area most similar to the comparison
area 5210 in the current frame from the search area 5220 in
the reference frame and has a precision of an image pixel unit
in terms of resolution.

[0085] The comparison frame selector 380 performs the
speckle tracking to find an area similar to the comparison area
5210 in a higher precision than the image pixel unit. The
comparison frame selector 380 selects the matching area
5112 by performing the speckle tracking in the comparison
area 5210 in the current frame and a similar area 5230 in the
reference frame, which is obtained by the template matching.
The right side of FIG. 5B shows an embodiment of perform-
ing the speckle tracking with the comparison area 5210 for the
similar area 5230 selected from the reference frame in the
comparison frame selector 380. An ultrasound RF signal for
diagnosis that is irradiated by the ultrasound diagnosis device
20 includes a carrier frequency of an ultrasound wave. The
characteristic of the carrier frequency may be used for a
precise search at a precision equal to or greater than pixel unit
resolution. The comparison frame selector 380 finds a similar
area, i.e., a matching area 5260 (5112 of FIG. 5A), more
correctly than a precision of the pixel unit resolution by using
an ultrasound RF signal of the similar area 5250 and an
ultrasound RF signal of the comparison area 5240.

[0086] The comparison frame selector 380 may calculate a
movement displacement between the comparison area 5210
and the matching area 5260. In detail, the comparison frame
selector 380 sets an arbitrary coordinate reference point in the
current frame and calculates coordinates of the comparison
area 5210. For example, the comparison frame selector 380
calculates coordinates C(Xc, Zc) of a central point of the
comparison area 5210 by setting a depth from the skin of a
patient (i.e., z-axis on the left side of FIG. 5B) and a lateral
distance from a reference position of the ultrasound diagnosis
device 20 (i.e., x-axis on the left side of FIG. 5B) as axes.
Thereafter, the comparison frame selector 380 calculates
coordinates R(Xc+Ax, Zc+Az) of a central point of an area
(5220) similar to the comparison area 5210 in the current
frame that is selected by performing the template matching,
wherein Ax and Az denote pixel resolution. Thereafter, the
comparison frame selector 380 calculates coordinates R'(Xc+
Ax+0x, Zc+Az+0z) of a central point of the matching area
5260 selected by performing the speckle tracking, with a
precision equal to or greater than the pixel resolution. Accord-
ingly, the comparison frame selector 380 derives a movement
displacement (Ax+0x, Az+8z) between the comparison area
5210 and the matching area 5260, with a precision equal to or
greater than the pixel resolution.



US 2014/0018676 A1l

[0087] An embodiment of calculating similarity between
the comparison area 5111 and the matching area 5112 in
operation 512 will now be described.

[0088] Thesimilarity calculation (operation 512) expresses
a similarity level between a current frame and each of the
reference frames as a numerical value, and, for example, a
similarity may be derived by calculating a correlation coeffi-
cient between the current frame and each reference frame.
The correlation coefficient may be calculated using Pearson’s
formula as defined in Equation 1.
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[0089] In Equation 1, A denotes a value of a pixel at a
horizontal mth position and a vertical nth position in the
current frame. If the current frame and the reference frames
are monochrome images, this pixel value may be a brightness
value, and if the current frame and the reference frames are
color images, this pixel value may be a color value. In detail,
if it is assumed that a comparison area 531 selected in a
current frame shown in FIG. 5C is divided into a predeter-
mined number of pixels, A,,,, denotes a variable by which a
value of a pixel 5311 at a horizontal mth position and a
vertical nth position in the comparison area 531 is expressed
by a predetermined corresponding value. In addition, B, ,
denotes a variable by which a value of an arbitrary pixel in a
matching area 532 selected from a reference frame is
expressed by a predetermined corresponding value, i.e., a
variable indicating a pixel value of a pixel 5321 in the match-
ing area 532 located at a position corresponding to that of the
pixel 5311 located at the horizontal mth position and the
vertical nth position in the comparison area 531. In addition,
A denotes a mean value of pixel values of pixels forming a
comparison area selected from the current frame. That is, if it
is assumed that the comparison area 531 selected in the cur-
rent frame shown in FI1G. 5C is divided into a predetermined
number of pixels, A denotes a mean value of pixel values of
pixels forming the comparison area 531, which is defined as
arepresentative value of the comparison area 531. In addition,
B denotes a mean value of pixel values of pixels forming a
matching area selected from a reference frame, i.e., a mean
value of the matching area 532 selected from the reference
frame in a method corresponding to the method of obtaining
A. A correlation coefficient r calculated by the comparison
frame selector 380 using Equation 1 has a range of -1<r<l1,
and when the correlation coefficient ris 1 or -1, it is called a
perfect correlation. In the current embodiment, selecting a
reference frame having the most similarity to the current
frame from among the reference frames as a comparison
frame (operation 513) may indicate selecting a reference
frame having a correlation coefficient r equal to or greater
than 0.9 as a comparison frame.

[0090] Operations of the comparator 350 and the tempera-
ture map generator 360 will now be described with reference
to FIGS. 7A and 7B.

[0091] As described above, the comparator 350 generates a
temperature map 713 of a current frame 712 by comparing
echo signals forming the current frame 712 generated by the
current frame generator 320 with echo signals forming a
comparison frame 711 selected by the comparison frame
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selector 380 so that the temperature map generator 360 gen-
erates a completed temperature map for observing a tempera-
ture change in an observed part according to various criteria.

[0092] The temperature map generator 360 generates a
completed temperature map 722 by using a temperature map
721 of a current frame, which is generated by the comparator
350. The temperature map 721 of the current frame displays
a relative temperature change between observed parts of a
comparison frame and the current frame in an image form,
e.g., an image represented by different colors as reference
numeral 721 of FIG. 7B or an image represented by different
brightness values. The temperature map 721 of the current
frame may be represented by a two-dimensional (2D) image
or a 3D image.

[0093] After the temperature map 721 of the current frame
is generated, the temperature map generator 360 generates the
completed temperature map 722 for observing a temperature
change in an observed part according to various criteria, as
shown in FIG. 7B. In detail, the temperature map generator
360 generates the completed temperature map 722 by per-
forming position correction and temperature map update
using the generated temperature map 721 of the current
frame. As an example of generating a completed temperature
map using a temperature map of a current frame in the tem-
perature map generator 360, the temperature map generator
360 may generate the completed temperature map 722 in
which the entire observed area is represented as a 3D image
by combining the 2D temperature map 721 of the current
frame for a portion of the observed part with temperature
maps generated for the remaining observed area in the same
manner. In detail, the ultrasound diagnosis device 20 irradi-
ates ultrasound waves while changing a position and orienta-
tion thereof under control of the driving device 60, and
receives reflected waves of the irradiated ultrasound waves.
Thereafter, the transducer 370 transduces the reflected waves
into echo signals, the current frame generator 320 generates
current frames that are a plurality of cross-sectional images of
an observed part by using the echo signals, and the compara-
tor 350 generates temperature maps of the current frames by
comparing the generated current frames with reference
frames. Thereafter, the temperature map generator 360 gen-
erates a completed temperature map with a 3D volume for
three-dimensionally showing the observed part by accumu-
lating these cross-sectional images. As such, a method of
generating image data with a 3D volume by accumulating
cross-sectional images is called a Multi-Planar Reconstruc-
tion (MPR) method.

[0094] As an example of generating a completed tempera-
ture map using a temperature map of a current frame in the
temperature map generator 360, the temperature map genera-
tor 360 may sequentially accumulate the 2D temperature map
721 of the current frame for a portion of an observed part and
2D temperature maps of current frames for the same portion
of the observed part according to an elapse of time. Accord-
ingly, the temperature map generator 360 may generate a 2D
completed temperature map in which an image change in a
portion of an observed part according to an elapse of time is
expressed. However, a completed temperature map generated
by the temperature map generator 360 is not limited to the 3D
completed temperature map for the entire observed partorthe
2D completed temperature map in which an image change in
aportion of an observed part according to an elapse of time 1s
expressed by 2D temperature maps of current frames as
described above, and may be generated as a 3D completed
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temperature map in which an image change in the entire
observed part according to an elapse of time is expressed by
accumulating 3D temperature maps of current frames for the
entire observed part.

[0095] FIG. 8 is a flowchart illustrating a method of gener-
ating a temperature map of an organ using an ultrasound
wave, according to an embodiment of the present disclosure.
[0096] Referring to FIG. 8, in operation 810, the controller
310 measures a movement displacement of a predetermined
moving internal organ. In detail, the controller 310 measures
a movement displacement of a predetermined internal organ
of a patient moving in response to a breathing cycle of the
patient.

[0097] Inoperation 820, the ultrasound diagnosis device 20
irradiates an ultrasound wave for diagnosis on an observed
part in the predetermined moving internal organ by consid-
ering the measured movement displacement and receives
reflected waves thereof. The ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis in a range corre-
sponding to the predetermined internal organ by considering
the movement of the predetermined internal organ so that the
observed part includes the entire treatment part 50.

[0098] In operation 830, the transducer 370 transduces the
reflected waves received by the ultrasound diagnosis device
20 into echo signals.

[0099] Inoperation 840, the reference frame generator 330
generates reference frames indicating an image of the
observed part by using the echo signals obtained from the
transducer 370. In detail, the reference frame generator 330
generates reference frames indicating an image of the
observed part by using the echo signals received from the
transducer 370. Alternatively, a current frame generated at a
time the ultrasound treatment device 10 irradiates an ultra-
sound wave for treatment on the treatment part 50 may be
used as a reference frame. This may be implemented by
updating the reference frame by the current frame in the
reference frame generator 330, and a method of updating a
reference frame by a current frame is as described above. In
addition, although not shown in FIG. 8, the reference frame
generator 330 may build a reference frame DB consisting of
reference frames according to an embodiment of the present
disclosure, as described above.

[0100] Inoperation 850, the ultrasound treatment device 10
irradiates the ultrasound wave for treatment on the treatment
part 50 in the predetermined moving internal organ by con-
sidering the measured movement displacement.

[0101] In operation 860, the current frame generator 320
generates a current frame indicating a changed image of the
observed part. In detail, the ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis on the treatment
part 50 and receives reflected waves thereof at the time the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50. The ultrasound diag-
nosis device 20 transmits the reflected waves to the transducer
370, and the transducer 370 transduces the reflected waves
into echo signals and transmits the echo signals to the current
frame generator 320. The current frame generator 320 gener-
ates a current frame indicating an image of the observed part
by using the echo signals received from the transducer 370.
[0102] Inoperation 870, the comparison frame selector 380
selects a comparison frame that is a frame most similar to the
current frame from among the reference frames. In addition,
although not shown in FIG. 8, in a process of selecting the
comparison frame, candidate reference frames may be
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selected from among reference frames in a reference frame
DB by calculating an error in an estimated position and a
breathing cycle, and a frame that is most similar to the current
frame may be selected as the comparison frame from among
the candidate reference frames, as described above.

[0103] In operation 880, the comparator 350 calculates
temperature-related parameters indicating a relative tempera-
ture change between the current frame and the comparison
frame by comparing echo signals forming the current frame
with echo signals forming the comparison frame. The tem-
perature-related parameters may be obtained in the CBE
method, the ES method, or the B/A method, etc., as described
above.

[0104] In operation 890, the comparator 350 generates a
temperature map of the current frame by using the calculated
temperature-related parameters. The temperature map of the
current frame indicates a relative temperature change
between the current frame and the comparison frame, as
described above.

[0105] In operation 895, the temperature map generator
360 generates a completed temperature map indicating a tem-
perature change in the observed part of the predetermined
internal organ by using the temperature map of the current
frame. The completed temperature map may be a 2D image or
a 3D image at a predetermined time, or a 2D image or a 3D
image that is changed over time, as described above.

[0106] A method of measuring a temperature of a moving
organ by using an ultrasound wave in an ultrasound treatment
and diagnosis system for treating the moving organ in
response to the movement of the internal organ of a human
body, according to an embodiment of the present disclosure,
will now be described with reference to FIGS. 9A to 9H, 10,
and 11.

[0107] The current embodiment is characterized in that the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50 while tracking a dis-
placement trajectory of the treatment part 50 that changes in
correspondence with the movement displacement of an inter-
nal organ, and the ultrasound diagnosis device 20 irradiates
the ultrasound wave for diagnosis on an observed part while
tracking a displacement trajectory of the observed part and
receives reflected waves thereof, To do as so, the controller
310 transmits position control signals for the ultrasound treat-
ment device 10 and the ultrasound diagnosis device 20 to the
driving device 60 according to the feature of the current
embodiment. That is, if it is assumed that a predetermined
time is t, as shown in FIG. 9A, the controller 310 correctly
perceives a displacement trajectory of the treatment part 50
that changes in correspondence with the movement displace-
ment of an internal organ at a next timet,, |, i.e., a displace-
ment trajectory from reference numeral 911 to reference
numeral 912. Thus, an embodiment of a method of generating
an image suitable for rapid and accurate tracking of a prede-
termined internal organ including the treatment part 50 in
medical images of a patient for a predetermined period will
now be described.

[0108] FIG. 9B is a block diagram of the controller 310
shown in FIG. 2, according to an embodiment of the present
disclosure. Referring to FIG. 9B, the controller 310 shown in
FIG. 9B includes a medical image DB 921, a mean model
generator 922, a personalized model generator 923, an image
matching unit 924, an image search unit 925, an additional
adjustment unit 926, and a position control signal generator
927.
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[0109] The mean model generator 922 outputs a mean
model of an organ to be treated by receiving and processing
various personal medical images. In the current embodiment,
the movement of an organ is tracked by generating a patient-
personalized model, wherein generating a mean model is
preparing to generate a personalized model, because the fea-
tures of each patient need to be reflected to provide a correct
operation environment to the patient because a shape, size,
features, etc. of an organ vary according to an individual. To
obtain a correct mean model, image information of various
individuals may be used. In addition, even for an image
obtained from each individual, images in various breathing
motions may be obtained to reflect a shape of an organ
changed in response to a breathing motion.

[0110] In detail, the mean model generator 922 receives
images (hereinafter, external medical images 70) captured by
medical experts for diagnosis of patients to analyze shapes,
sizes, etc. of organs of various individuals, directly from a
capturing device or from a storage medium storing the
images. Thus, images that are easy to analyze contours of an
organ and a lesion or the internal feature of an organ may be
received. For example, Computed Tomography (CT) or Mag-
netic Resonance (MR) images may be received.

[0111] As amethod of receiving external images, the exter-
nal medical images 70 may be stored in a database by the
medical image DB 921, and stored images may be retrieved.
In the medical image DB 921, the external medical images 70
may be captured from various individuals by capturing
devices and stored, or may be input from a storage medium.
When images are retrieved from the medical image DB 921,
all images may be retrieved, or some of the stored images may
be retrieved according to a selection of a user.

[0112] As an embodiment, the mean model generator 922
may use a 3D Active Shape Models (ASM) algorithm based
on the received external medical images 70. To use the ASM
algorithm, the mean model generator 922 extracts shapes,
sizes, and anatomic features of organs from the external medi-
cal images 70 by analyzing the external medical images 70
and generates a model obtained by statistically averaging the
extracted shapes, sizes, and anatomic features of organs. The
ASM algorithm is described in detail in “The Use of Active
Shape Models For Locating Structure in Medical Images”
(written by T. F. Cootes, A. Hill, C. J. Taylor and J. Haslam)
published in 1994. By applying the ASM algorithm, a mean
organ shape may be obtained, and this mean organ shape may
be changed when a variable is adjusted.

[0113] FIG. 9C is a diagram for describing a process of
analyzing the external medical images 70, i.e. a method of
extracting position coordinate information of an organ
boundary and an internal structure in the received CT or MR
images. When a CT or MR Image is received, the mean model
generator 922 applies different methods to a 2D image and a
3D image to extract position coordinate information of an
organ boundary and an internal structure. The internal struc-
ture, for example, a liver, may include positions of a hepatic
artery, ahepatic vein, a hepatic portal vein, and a hepatic duct,
and may further include boundaries thereof.

[0114] When 2D images are received, image data with a3D
volume that three-dimensionally indicates a part to be
extracted by accumulating a plurality of cross-sectional
images is obtained to generate a 3D model, and this process is
shown on the left side of FIG. 9C as a method of obtaining an
image with a 3D volume by accumulating various pieces of
image information. Three-dimensional coordinate informa-
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tion may be obtained by extracting position coordinate infor-
mation of an organ boundary and an internal structure from a
plurality of cross-sectional images before accumulation and
adding coordinate information of an axis in an accumulating
direction to the extracted position coordinate information,
and because an image shown on the right side of FIG. 9C is an
image of which a value on a z-axis is 1, z of a boundary
position coordinate value extracted from the image is always
1. Thus, when coordinate information is extracted from cross-
sectional images of image data on the left side of FIG. 9C,
because the extracted coordinate information is 2D coordi-
nate information, the extracted coordinate information is
expressed as data of x- and y-axes. However, position coor-
dinate information of a boundary is extracted as coordinates
of [, y, 1] by adding coordinate information of the z-axis to
the data of the x- and y-axes. Then, the coordinate informa-
tion becomes information including coordinates of the x-, y-,
and z-axes. When a 3D image is received, position coordinate
information of an organ boundary and an internal structure
may be obtained by extracting cross-sectional images of the
3D image in a predetermined interval and performing the
same process as a case of receiving 2D images. Extraction of
boundary position coordinates from a 2D image in this pro-
cess may be automatically or semi-automatically performed
by an algorithm, or coordinate information may be manually
input by a user based on displayed image information. For
example, in a method of automatically obtaining boundary
coordinate information, coordinate information of a point at
which brightness in an image is rapidly changed may be
obtained, and a position at which a frequency value is largest
may be extracted as a boundary by using a Discrete Time
Fourier Transform (DTFT). In a semi-automatic method,
when information about some boundary points in an image is
input by the user, neighboring boundary points may be
extracted in the same method as the method of automatically
obtaining coordinates based on the input boundary points.
Because an organ boundary has a continuous and closed-
curve shape, information about the entire boundary may be
obtained using this nature. As such, because the entire image
does not have to be searched in the semi-automatic method, a
result may be more quickly obtained than in the automatic
method. In a manual method, the user may directly designate
coordinates of aboundary while viewing an image, and in this
case, because designated intervals are not continuous, a
boundary may be continuously extracted by interpolating
discontinuous intervals in the middle. When position coordi-
nate information of an organ and a lesion that is obtained in
the disclosed methods is output by setting a brightness value
of a voxel corresponding to the coordinates in a 3D space to a
predetermined value, the user may view a shape of the organ
and the internal structure expressed in a 3D graph. For
example, if a brightness value of boundary coordinates of an
organ to be checked is set to the minimum value, i.e., the
darkest value, an image of the organ to be checked in an
output image may be output dark, and if a brightness value of
the organ to be checked is set to an intermediate value
between a white color and a black color, and a brightness
value of the coordinates of the lesion is set to the black color,
the organ to be checked and the lesion may be easily discrimi-
nated from each other by the naked eye. Position coordinate
information of a plurality of organ boundaries and internal
structures obtained in this method may be defined as a data set
and used as information for using the 3D ASM algorithm. The
ASM algorithm will now be described.
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[0115] To apply the ASM algorithm, coordinate axes of
position coordinate information of a plurality of organ bound-
aries and internal structures are arranged to be in accord with
each other. The arrangement of coordinate axes to be in
accord with each other indicates that the centers of gravity of
a plurality of objects to be arranged are moved to a single
origin, and orientations of all organs in various shapes are
rearranged. Thereafter, points used as landmark points are
determined from the position coordinate information of the
plurality of organ boundaries and internal structures. The
landmark points are basic points for applying an algorithm.
The landmark points are determined in the following meth-
ods:

[0116] 1.A point at which the feature of an object is clearly
reflected is determined as a landmark point. For example, in a
case of a liver, points at which a blood vessel diverges, which
commonly exist in all people, may be determined as landmark
points, or in a case of a heart, a boundary at which the right
atrium and the left atrium are divided and a boundary at which
the main vein and the outer wall of the heart meet each other
may be determined as landmark points.

[0117] 2. The highest point or the lowest point of an object
in a determined coordinate system is determined as a land-
mark point.

[0118] 3. Points at which interpolation is performed
between the points defined in 1. and 2. are determined as
landmark points along a boundary in a predetermined con-
stant interval.

[0119] When determined landmark points are in a 2D
space, the landmark points may be expressed by x-and y-axes
coordinates, and when determined landmark points are in a
3D space, thelandmark points may be expressed by x-, y-, and
z-axes coordinates. Thus, when determined landmark points
areina 3D space, if landmark point coordinates are expressed
by vectors such as [text missing or illegible when filed]
x[text missing or illegible when filed], [text missing
or illegible when filed]x[text missing or illegible
when filed], . . ., [text missing or illegible when
filed]x[text missing or illegible when filed](n denotes
the number of landmark points), the vectors may be repre-
sented by Equation 2.

Xio = [Xi0, Yio» Zio] )

Xi1 = [Xits it 1]
Xin-1 = [Xin-15 Yin-1> Zin-1]

[0120] The subscript i denotes position coordinate infor-
mation of an organ boundary and an internal structure, which
is obtained from an ith image. The number of pieces of posi-
tion coordinate information may be large in cases, and in this
case, the position coordinate information may be represented
by a single vector to make computation of the position coor-
dinate information easy. Then, a landmark point vector in
which a total of the landmark points is represented by a single
vector may be defined by Equation 3.

s[text missing or illegible when
ﬁIed]i:[xiO:yiOrZiOr'xilryilxzilx s ,x[teXt
missing or illegible when filed],,
Ly[text missing or illegible when
filed],_.-[text missing or illegible
when filed],_,” (3)

Jan. 16,2014

[0121] A size of the vector x, is 3nx[text missing or
illegible when filed]1.

[0122] When the number of data sets is N, a mean of land-
mark points in the total data sets may be represented by
Equation 4.

[0123] Likewise, a size of the vector X is 3nx[text miss-
ing or illegible when filed]1.

[0124] The mean model generator 922 obtains the mean
landmark point X by calculating Equation 4, and when a
model is generated based on the mean landmark point X, the
generated model may be a mean organ model. The ASM
algorithm may not only generate a mean model but also
change a shape of the mean model by adjusting a plurality of
parameters. Thus, the mean model generator 922 not only
simply calculates a mean model, but also calculates equations
to apply a plurality of parameters.

[0125] Theequations to apply a plurality of parameters will
now be described.

[0126] A difference between a mean landmark point and
each data may be represented by Equation 5. In Equation 5,
the subscript 1 denotes an ith image. Thus, in Equation 5, a
difference between a landmark point in each image and a
mean landmark point of all images is obtained.

dx=x-x (©)

[0127] A covariance matrix ofx, y, and zmay be defined by
Bquation 6 by using each data difference. Obtaining the cova-
riance matrix is to obtain a unit eigenvector for the plurality of
parameters for applying the ASM algorithm (detailed con-
tents thereof is disclosed in the above-described paper).

©)

1Y
S = N‘Z‘dxidx?(size is 3n X 3n)

[0128] Ifauniteigenvector of the covariance matrix S is p,,
the vector p, denotes an aspect in which a model generated by
the ASM algorithm is modified. For example, a horizontal
length of the model may be modified when a parameter b,
multiplied by a vector p, is modified in a range of -2
\/Tlsbl<2\/7:, or a vertical length of the model may be
modified when a parameter b, multiplied by a vector p, is
modified in a range of —2\/Tzsbz<2\/rz . The unit eigenvector
P (size is 3nx1) may be obtained by Equation 7.

Sp=Mp (M denotes an eigenvalue) 7
[0129] Finally, a landmark point vector x to which modifi-

cationis applied is calculated by using a mean landmark point
vector X as defined in Equation 8.

X=%+Pb ®)

[0130] In Equation8, p=(p,.ps - - ., D, (size of each p, is
3nx1, and size of p is 3nxt) denotes first t eigenvectors, and

b=(b,, by, . . ., b7 (size is tx1) denotes a weight of each
eigenvector.
[0131] The mean model generator 922 may calculate X

(size 1s 3nx1) indicating a mean model shape and the vector
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=01, Pas - - - » P,) (size is 3nxt) for applying modification
using the 3D ASM algorithm through the equations described
above.

[0132] The personalized model generator 923 receives the
mean organ model X and the vector p=(p,, p,. . . - , P,) (size is
3nxt) from the mean model generator 922 and generates a
personalized model by processing parameters in the 3D ASM
algorithm. Because organs of individual patients are also
different in shapes and sizes, if the mean organ model is used
as it is, accuracy may decrease because individuals have their
own features such that an organ is horizontally longer, verti-
cally longer, thicker on the left, or lower on the right than a
mean shape. In addition, when there is a lesion in an organ of
an individual, the personalized model generator 923 may
insert a position of the lesion into a model to correctly pet-
ceive a shape and position of the lesion. Thus, the personal-
ized model generator 923 receives the external medical
images of an individual patient from an image capturing
device or a storage medium, analyzes personal organ shape,
size, and position information, and if there is a lesion, ana-
lyzes position, size, and shape information of the lesion. This
process will now be described in detail.

[0133] Thepersonalized model generator 923 determines a
weight (vector b) of an eigenvector in the ASM algorithm for
an individual patient based on an image on which a shape of
an orgar, such as a CT or MR image, is clearly perceived.
Thus, first, the external medical images 70 of the individual
patient are received, and position coordinate information of
an organ boundary and an internal structure is perceived using
the process of FIG. 9C as in the process of analyzing the
external medical images 70 in the mean model generator 922.
Furthermore, if landmark point coordinate information is pet-
ceived in the same process as the method of perceiving land-
mark points when the algorithm is applied, a value of a vector
x (size is 3nx1) that is a patient-personalized landmark point
set may be obtained. An organ model generated based on the
vector X may be a personalized model. Equation 9 may be
obtained by applying the nature of an inverse function and a
unit eigenvector (p,”p,=1) to Equation 8. A value of b=(b, , b,
..., b)7is determined by Equation 9.

b=P"(x-%) ©

[0134] The information about the vectors X and p deter-
mined by the mean model generator 922 may be stored in the
storage unit 340 as a mean organ model in a DB to be repeat-
edly used. In addition, the external medical images 70 of an
individual patient that are input in the personalized model
generator 923 may undergo a learning process added when a
mean model stored in the DB is determined for a medical
examination of a next patient.

[0135] The image matching unit 924 receives information
about the vectors x, X, p, and b from the personalized model
generator 923 and matches the received vector information
with medical images of a patient for a predetermined period.
The matching indicates that a model using the ASM algo-
rithm overlaps with an ultrasound image at a position of an
organ in the ultrasound image and is output, and more cor-
rectly, a pixel or voxel value corresponding to coordinate
information of amodel formed by the ASM algorithm may be
replaced by a predetermined brightness value or may overlap
with the coordinate information. When the replacement is
performed, only a personalized model may be output by
removing an organ part from an original ultrasound image.
However, when the overlapping is performed, an image in
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which the original ultrasound image and the personalized
model overlap each other may be output. The overlapped
image is easy to identify with the naked eye if different colors
are used in the overlapped image. For example, when a blue
personalized model overlaps with a monochrome ultrasound
image, a graphic figure may be easily identified by the naked
eye.

[0136] The medical image may be a real-time captured
image, e.g., an ultrasound image. The medical image may be
a 2D or 3D image. The predetermined period may be a one-
breath cycle because a change in an organ may have a con-
stant period during a breathing cycle of a human body. For
example, when a one-breath cycle of a patient is 5 seconds, if
an ultrasound image of 20 frames per second (fps) is gener-
ated, an image of a total of 100 frames may be generated.
[0137] A process of matching an image in the image match-
ing unit 924 may be largely divided into two operations:
reflecting a change in an organ due to breathing in an ultra-
sound image input for a predetermined period in a 3D organ
model; and aligning the modification-reflected 3D organ
model with a corresponding organ in the ultrasound image by
performing scale adjustment, axis rotation, and axis move-
ment of the modification-reflected 3D organ model.

[0138] Theoperation of reflecting a change in an organ due
to breathing in a 3D organ model will now be described. For
example, in a case of an ultrasound image before matching
with a medical image, a value of a vector b that is a weight
value, a parameter of the ASM algorithm, is adjusted by
perceiving a position and change of the organ according to
frames of the ultrasound image. The adjusted value of the
vector b is not much different from the value of the vector b
determined by the mean model generator 922. The reason is
because the image matching unit 924 reflects only the change
due to breathing of a patient, wherein a shape change in an
organ due to breathing is less than a difference from another
individual, i.e., another person. Thus, when the value of the
vector b is determined by the image matching unit 924, only
achange within a predetermined limited range is added based
on the value of the vector b determined by the mean model
generator 922. In addition, a vector b of a previous frame may
be reflected to determine a vector b of a next frame because a
large change does not occur for a short period between frames
because a change in an organ in a breathing process is con-
tinuous. After the value of the vector b is determined, a
personalized model in which a change in the organis reflected
in each ultrasound image may be generated according to
frames by computation of the 3D ASM algorithm.

[0139] FIG. 9D is a flowchart illustrating a process of
matching a personalized model in which a change in an organ
is reflected in each image with a position of the organ in an
ultrasound image through rotation, scale adjustment, and par-
allel movement in the image matching unit 924, according to
an embodiment of the present disclosure. In detail, F1IG. 9D is
a flowchart in which when the vector b that is a weight value
of an eigenvector is determined for each frame, a one-to-one
affine registration is performed for each frame. If it is
assumed that the number of frames is N, and a frame number
is n, one-to-one matching is performed from n=1 until n=N.
An affine transform function T, ;.. is acquired using an Itera-
tive Closest Point (ICP) algorithm for each frame based on a
landmark point set in the ultrasound image and a landmark
point set in the personalized model, and a 3D human body
organ model image is transformed using the acquired affine
transform function T ,,.. The ICP algorithm is an algorithm
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of performing rotation, parallel movement, and scale adjust-
ment of the remaining images based on one image to align the
same objects in a plurality of images. The ICP algorithm is
described in detail in “Tterative point matching for registra-
tion of free-form curves and surfaces” (written by Zhengyou
Zhang).

[0140] FIG. 9E schematically illustrates a method of
acquiting the affine transform function T4, from a 2D
image. Reference numeral 951 denotes a state before an affine
transform is applied, and reference numeral 952 denotes a
state after the affine transform is applied. Although rotation,
parallel movement, and scale adjustment are performed when
the affine transform is applied, if first coordinates and final
coordinates are acquired by Equation 10 using the fact that the
affine transform is one-to-one point correspondence, a coef-
ficient of a matrix T, . may be directly determined.

X1 X1 (10)
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[0141] Equation 11 is an equation for applying an affine
transform function T, acquired from a 3D space or above
instead of a 2D space to each frame.

3P =T e (MIX% g5241) 1

[0142] In Equation 11, n denotes an nth frame and is an
integer (1=n=<N). In addition, X ,,(n) denotes a landmark
point vector obtained by changing the vector b that is a weight
value in the image matching unit 924. According to the
formed x,.5(1n), when position coordinate information of an
organ boundary and an internal structure on which a change is
reflected for each frame is matched with an ultrasound image,
if a voxel value corresponding to the position coordinate
information in the ultrasound image may be replaced by a
predetermined brightness value or may overlap with the posi-
tion coordinate information, a graphic figure of an organ may
be identified by the naked eye.

[0143] FIG.9F is adiagram for describing an image match-
ing process in the image matching unit 924. FIG. 9F shows a
process of forming matching images between medical images
input for a predetermined period and a human body organ
model in the image matching unit 924 based on ultrasound
images input for a one-breath cycle. The input ultrasound
images are arranged on the left side of FIG. 9F, wherein *
denotes a landmark point in the input ultrasound images. The
input ultrasound images may reflect various patterns of a
breathing motion from inhalation to exhalation.

[0144] The personalized model generated by the personal-
ized model generator 923 may be changed in a shape thereof
according to a breathing motion. However, the change
according to a breathing motion will be less than a change due
to the variety between individuals. Thus, when the change
according to a breathing motion is reflected, a method of
adjusting a parameter value determined by the personalized
model generator 923 may be quicker and easier than newly
obtaining a parameter value in the 3D ASM algorithm. The
affine transform function T4, using the ICP algorithm is
applied using landmark points in an organ model and land-
mark points in an organ of an ultrasound image on which the
change is reflected. Through the affine transform, a size and
position of a 3D organ model may be changed to meet a size
and position of the organ in the ultrasound image. Synthesiz-
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ing the changed model with the ultrasound image may be
performed by a method of replacing a pixel (or voxel) value of
the ultrasound image that corresponds to a position of the
changed model by a predetermined value or overlapping the
pixel (or voxel) value of the ultrasound image with the
changed model. The matched image is called an ultrasound-
model matching image and may be stored in the storage unit
340.

[0145] The image search unit 925 performs a process in a
surgery. In brief, a graphic figure of an organ in a real-time
input ultrasound image s displayed on a screen, and a surgeon
performs the surgery while viewing the graphic figure with
the naked eye. This process will now be described in detail.
First, a real-time medical image of apatient is received. In this
case, the medical image may be the same image as received
from the image matching unit 924. Thus, if an ultrasound
image is used as an example like the above example, when a
real-time ultrasound image is received, the received ultra-
sound image is compared with medical images received from
the image matching unit 924 for a predetermined period to
determine the most similar image, and an ultrasound-model
matching image corresponding to the determined image is
searched for in the storage unit 340 and output.

[0146] An embodiment of comparing similar images from
among ultrasound images is a method of determining an
image by detecting a position of a diaphragm. If a position of
a diaphragm in the received real-time medical image is X, a
difference between a position of a diaphragm in each of a
plurality of medical images received by the image matching
unit 924 for a predetermined period and X, and an image
having the least difference is detected. FIG. 9G is a graph
showing the movement of a diaphragm of which an absolute
position moves upwards and downwards. Analyzing this
graph, the position regularly moves in response to a breathing
cycle. When medical images received for a predetermined
period by the image matching unit 924 and real-time medical
images received by the image search unit 925 are captured, a
position of the ultrasound diagnosis device 20 and a position
of a patient may be fixed, because when the position of the
ultrasound diagnosis device 20 or the position of the patient is
changed, a relative position of an organ in an image may be
changed, and in this case, an accurate and rapid search of an
image cannot be performed in image comparison.

[0147] An embodiment of comparing similar images from
among ultrasound images is a method of determining an
image by using a pixel brightness difference. That is, this is a
method using that a brightness difference between most simi-
lar images is the least. In detail, when an image (second
image) of a single frame in a real-time medical image is
searched for from among medical images (first images) for a
predetermined period that are used for the matching, a bright-
ness difference between any one of the first images and the
second image is first calculated, and a variance based on a
total brightness difference is obtained. Then, variances are
obtained between the remaining first images and the second
image in the same way, and the most similar image may be
determined by determining an image having the least vari-
ance.

[0148] The additional adjustment unit 926 may adjust a
final output result by adjusting the affine transform function
T e and the parameters of the 3D ASM algorithm by the
user while the user views a displayed image. That is, the user
performs a correct transform with the naked eye while view-
ing a displayed image.
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[0149] FIG. 9H is a flowchart illustrating a method of
dynamically tracking an organ and a lesion based on a 3D
organ model, according to an embodiment of the present
disclosure. Operations 982 and 983 may be already-pro-
cessed databases. In operation 982, CT or MR images for
various breathing cycles of various individuals are received.
In operation 983, a 3D human body organ model is generated
based on the received images, wherein the 3D ASM algorithm
may be used as described above.

[0150] In operation 981, CT or MR images of a patient are
received. In operation 984, the 3D human body organ model
generated in operation 983 is modified based on the images
received in operation 981. The process of generating a per-
sonalized 3D human body organ model may be performed
even outside an operation room. In operation 985, ultrasound
images for a one-breath cycle of the patient (hereinafter,
referred to as first ultrasound images) are received, and the
first ultrasound images are matched with the personalized 3D
human body organ model. The matched images are called
ultrasound-model matching images, and may be stored in a
temporary memory or a storage medium such as the storage
unit 340. Operation 985 may be performed as a preparation
process inside the operation room. In addition, positions of
the patient and a probe in operations 985 and 986 may be
fixed. In operation 986 as a real-time operation in the opera-
tionroom, when a real-time ultrasound image of the patient (a
second ultrasound image) is received, a first ultrasound image
most similar to the second ultrasound image is determined,
and an ultrasound-model matching image corresponding to
the determined first ultrasound image, i.¢., an image of a
predetermined moving internal organ including the treatment
part 50, is generated.

[0151] The position control signal generator 927 receives
the ultrasound-model matching image generated by the
image search unit 925, i.e., an image of a predetermined
moving internal organ including the treatment part 50, from
the image search unit 925 and generates position control
signals for the ultrasound treatment device 10 and the ultra-
sound diagnosis device 20 in response to the received image.
Thereafter, the position control signal generator 927 trans-
mits the generated position control signals to the driving
device 60. Accordingly, the ultrasound treatment device 10
may irradiate an ultrasound wave for treatment on the treat-
ment part 50 along with the movement of the internal organ of
the patient, and the ultrasound diagnosis device 20 may irra-
diate an ultrasound wave for diagnosis on the observed part
along the movement of the internal organ of the patient and
receive reflected waves thereof.

[0152] FIG. 10 is a flowchart illustrating a method of gen-
erating a temperature map of a moving organ using an ultra-
sound wave in an ultrasound treatment and diagnosis system
for treating a patient in response to the movement of an
internal organ, according to an embodiment of the present
disclosure.

[0153] Referring to FIG. 10, in operation 1010, the control-
ler 310 measures a movement displacement of a predeter-
mined moving internal organ. In detail, the controller 310
measures amovement displacement of a predetermined inter-
nal organ of the patient moving in response to a breathing
cycle of the patient.

[0154] In operation 1020, the ultrasound diagnosis device
20 irradiates an ultrasound wave for diagnosis on an observed
part in the predetermined moving internal organ by consid-
ering the measured movement displacement and receives

Jan. 16,2014

reflected waves thereof. The ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis in a range corre-
sponding to the predetermined internal organ by considering
the movement of the predetermined internal organ so that the
observed part includes the entire treatment part 50.

[0155] Inoperation 1030, the transducer 370 transduces the
reflected waves received by the ultrasound diagnosis device
20 into echo signals.

[0156] In operation 1040, the reference frame generator
330 generates reference frames indicating an image of the
observed part. In detail, the reference frame generator 330
generates reference frames indicating an image of the
observed part by using the echo signals received from the
transducer 370. In general, the reference frames are generated
as frames including temperature information of the observed
part before the ultrasound treatment device 10 irradiates the
ultrasound wave for treatment on the treatment part 50. Alter-
natively, a current frame generated at a time the ultrasound
treatment device 10 irradiates an ultrasound wave for treat-
ment on the treatment part 50 may be used as a reference
frame. This may be implemented by updating the reference
frame by the current frame in the reference frame generator
330, and a method of updating a reference frame by a current
frame is as described above.

[0157] In operation 1050, the reference frame generator
330 builds a reference frame DB with one or more reference
frames

[0158] In operation 1060, the ultrasound treatment device
10 irradiates the ultrasound wave for treatment on the treat-
ment part 50 along with the movement of the treatment part 50
in the predetermined internal organ in response to the position
control signal transmitted from the controller 310 to the driv-
ing device 60 based on the ultrasound-model matching image
generated by the controller 310, i.e., an image of a predeter-
mined moving internal organ including the treatment part 50.
[0159] In operation 1070, the current frame generator 320
generates a current frame indicating a changed image of the
observed part. In detail, the ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis on the treatment
part 50 and receives reflected waves thereof at the time the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50. For this operation, the
ultrasound diagnosis device 20 also needs to move in
response to the position control signal transmitted from the
controller 310 to the driving device 60 based on the ultra-
sound-model matching image generated by the controller
310, i.e., an image of a predetermined moving internal organ
including the treatment part 50. The ultrasound diagnosis
device 20 transmits the reflected waves to the transducer 370,
and the transducer 370 transduces the reflected waves into
echo signals and transmits the echo signals to the current
frame generator 320. The current frame generator 320 gener-
ates a current frame indicating an image of the observed part
by using the echo signals received from the transducer 370.
[0160] In operation 1080, the reference frame generator
330 selects candidate reference frames from among the ref-
erence frames in the built reference frame DB by calculating
errors in an estimated position and a breathing cycle.

[0161] In operation 1090, the comparison frame selector
380 selects a comparison frame that is a frame most similar to
the current frame from among the candidate reference frames.
[0162] In operation 1093, the comparator 350 calculates
temperature-related parameters indicating a relative tempera-
ture change between the current frame and the comparison
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frame by comparing the current frame with the comparison
frame. The temperature-related parameters may be obtained
in the CBE method, the ES method, or the B/A method, etc.,
as described above.

[0163] In operation 1095, the comparator 350 generates a
temperature map of the current frame by using the calculated
temperature-related parameters. The temperature map of the
current frame indicates a relative temperature change
between the current frame and the comparison frame, as
described above.

[0164] In operation 1100, a completed temperature map
indicating a temperature change in the observed part of the
predetermined internal organ is generated by using the tem-
perature map of the current frame. The completed tempera-
ture map may bea 2D image ora 3D image at a predetermined
time, or a 2D image or a 3D image that is changed over time,
as described above.

[0165] FIG. 11 is a diagram for describing constructing a
reference frame DB by the reference frame generator 330
(operation 1050) in an HIFU system for treating an internal
organ along with the movement of the internal organ, accord-
ing to an embodiment of the present disclosure. In detail, an
example of showing the movement displacement of the organ
over time is shown as a graph 1110. When a time of summing
periods a, b, and ¢ is a one-breath cycle in the graph 1110, the
periods a, b, and ¢ indicate a pause period between a breathing
motion, an inhalation period, and an exhalation period,
respectively. When the reference frame generator 330 gener-
ates reference frames for a one-breath cycle, because the
pause period between a breathing motion has a relatively
smaller movement magnitude of the organ than the inhalation
period and the exhalation period, the number of reference
frames generated during the pause period by the reference
frame generator 330 may be relatively less than those genet-
ated during the inhalation period or the exhalation period. An
example will now be made to describe the building of the
reference frame DB (operation 1050). As shown in the graph
1110, it is assumed that a one-breath cycle is t; to t,o5. In
addition, it is assumed that the period a is a pause period
between a breathing motion, wherein a movement magnitude
of the organ is measured as approximately 1 mm, and the
periods b and ¢ are inhalation and exhalation periods, respec-
tively, wherein each movement magnitude of the organ is
measured as approximately 5 mm. In addition, it is assumed
that reference frames of 50 frames per point are needed to
build a proper reference frame DB including the treatment
part 50. Here, the point indicates a location at which a refer-
ence frame is acquired in correspondence with a movement
magnitude of the organ in each period. If one point is needed
every time the organ moves by 0.2 mm, a total of 5 points are
needed during the period a (the pause period between a
breathing motion), and 50 points are needed during each of
the period b (the inhalation period) and the period ¢ (the
exhalation period). Thus, reference frame acquisition places
of a total of 105 points are needed for a one-breath cycle. As
a result, the number of reference frames stored in the refer-
ence frame DB for a one-breath cycle is 5250. This embodi-
ment is only illustrative, and it will be understood by one of
ordinary skill in the art that the number of reference frames
may be calculated in another way only if the same principle is
applied.

[0166] A method of generating a temperature map of an
internal organ using an ultrasound wave in an ultrasound
treatment and diagnosis system for treating the internal organ
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in a pause between a breathing motion, according to an
embodiment of the present disclosure, will now be described
with reference to FIGS. 12, 13, and 14.

[0167] An HIFU therapy for treating an internal organ in a
pause between a breathing motion indicates that the therapy is
performed only in the pause between a breathing motion in
which the movement of the organ is minimized instead of a
therapy performed in all periods of a breathing motion. In
detail, a one-breath cycle consists of a pause period between
a breathing motion, an inhalation period, and an exhalation
period, wherein the movement displacement of the internal
organ is relatively smaller in the pause period between a
breathing motion than in the inhalation period or the exhala-
tion period to be more effective to irradiate an ultrasound
wave on a predetermined treatment part 50. Referring to FIG.
12, a period in which the movement displacement of the
internal organ is relatively small in a breathing cycle is called
apause between a breathing motion (referred to as 1210), and
the current embodiment is characterized in that the ultrasound
treatment device 10 irradiates the ultrasound for treatment on
the treatment part 50 in the pause between a breathing motion.
The pause between a breathing motion is derived from the
movement displacement of a predetermined moving internal
organ that is measured by the controller 310. The ultrasound
treatment and diagnosis system for treating an internal organ
in a pause between a breathing motion according to the cur-
rent embodiment may be implemented in both cases where
the ultrasound treatment device 10 and the ultrasound diag-
nosis device 20 are physically movable and where the ultra-
sound treatment device 10 and the ultrasound diagnosis
device 20 are physically fixed.

[0168] FIG. 13 is a flowchart illustrating a method of mea-
suring a temperature of an internal organ using an ultrasound
wave in an ultrasound treatment and diagnosis system for
treating the internal organ in a pause between a breathing
motion, according to an embodiment of the present disclo-
sure.

[0169] Referring to FIG. 13, in operation 1310, the control-
ler 310 measures a movement displacement of a predeter-
mined moving internal organ. In detail, the controller 310
measures a movement displacement of a predetermined inter-
nal organ of a patient moving in response to a breathing cycle
of the patient.

[0170] Inoperation 1320, the controller 310 derives a pause
period between a breathing motion from the measured move-
ment displacement of the predetermined internal organ of the
patient In operation 1330, the ultrasound diagnosis device 20
irradiates an ultrasound wave for diagnosis on an observed
part in the predetermined moving internal organ by consid-
ering the measured movement displacement and receives
reflected waves thereof. The ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis in a range corre-
sponding to the predetermined internal organ by considering
the movement of the predetermined internal organ so that the
observed part includes the entire treatment part 50.

[0171] Inoperation 1340, the transducer 370 transduces the
reflected waves received by the ultrasound diagnosis device
20 into echo signals.

[0172] In operation 1350, the reference frame generator
330 generates reference frames indicating an image of the
observed part by using the echo signals. In detail, the refer-
ence frame generator 330 generates reference frames indicat-
ing an image of the observed part by using the echo signals
received from the transducer 370. In general, the reference
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frames are generated as frames including temperature infor-
mation of the observed part before the ultrasound treatment
device 10 irradiates the ultrasound wave for treatment on the
treatment part 50. Alternatively, a current frame generated at
a time the ultrasound treatment device 10 irradiates an ultra-
sound wave for treatment on the treatment part 50 may be
used as a reference frame. This may be implemented by
updating the reference frame by the current frame in the
reference frame generator 330, and a method of updating a
reference frame by a current frame is as described above. In
addition, although not shown in F1G. 13, the reference frame
generator 330 may build a reference frame DB consisting of
reference frames according to an embodiment of the present
disclosure, as described above.

[0173] In operation 1360, the ultrasound treatment device
10 irradiates the ultrasound wave for treatment on the treat-
ment part 50 in the predetermined moving internal organ
during the derived pause period between a breathing motion.

[0174] In operation 1370, the current frame generator 320
generates a current frame indicating a changed image of the
observed part. In detail, the ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis on the treatment
part 50 and receives reflected waves thereof at the time the
ultrasound treatment device 10 irradiates the ultrasound wave
for treatment on the treatment part 50. The ultrasound diag-
nosis device 20 transmits the reflected waves to the transducer
370, and the transducer 370 transduces the reflected waves
into echo signals and transmits the echo signals to the current
frame generator 320. The current frame generator 320 gener-
ates a current frame indicating an image of the observed part
by using the echo signals received from the transducer 370.
The current frame includes information about a position and
temperature of the observed part. The information about the
temperature may be expressed by displaying a temperature
distribution on the observed part with different colors or
different brightness values.

[0175] In operation 1380, the current frame generator 320
determines whether the generated current frame is a frame
generated during the pause period between a breathing
motion. If the generated current frame is a frame generated
during the pause period between a breathing motion, the
method proceeds to operation 1390. Otherwise, if the gener-
ated current frame is a frame generated except for the pause
period between a breathing motion, the method proceeds
back to operation 1360 to perform operations 1360 and 1370
again.

[0176] In operation 1390, the comparison frame selector
380 selects a comparison frame thatis a frame most similar to
the current frame from among the reference frames. In addi-
tion, although not shown in FIG. 13, in a process of selecting
the comparison frame, candidate reference frames may be
selected from among reference frames in the reference frame
DB by calculating an error in an estimated position and a
breathing cycle, and a frame that is most similar to the current
frame may be selected as the comparison frame from among
the candidate reference frames, as described above.

[0177] In operation 1393, the comparator 350 calculates
temperature-related parameters indicating a relative tempera-
ture change between the current frame and the comparison
frame by comparing the current frame with the comparison
frame. The temperature-related parameters may be obtained
in the CBE method, the ES method, or the B/A method, etc.,
as described above.
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[0178] 1In operation 1395, the comparator 350 generates a
temperature map of the current frame by using the calculated
temperature-related parameters. The temperature map of the
current frame indicates a relative temperature change
between the current frame and the comparison frame, as
described above.

[0179] In operation 1400, the temperature map generator
360 generates a completed temperature map indicating a tem-
perature change in the observed part of the predetermined
internal organ by using the temperature map of the current
frame. The completed temperature map may be a 2D image or
a 3D image at a predetermined time, or a 2D image or a 3D
image that is changed over time, as described above.

[0180] FIG. 14 is a diagram for describing constructing a
reference frame DB in the reference frame generator 330 in
the ultrasound treatment and diagnosis system for treating an
internal organ in a pause between a breathing motion (opera-
tion 1350), according to an embodiment of the present dis-
closure. Although not shown in FIG. 13, the reference frame
DB may be built by the reference frames generated by the
reference frame generator 330, as described above. In detail,
an example of showing the movement displacement of the
organ over time as a graph 1410. In the graph 1410, a period
betweent, and t; indicates a pause period between a breathing
motion. The building of the reference frame DB will now be
described as an example. As shown in the graph 1410, it is
assumed that the period between t, and t5 is a pause period
between a breathing motion, wherein a movement magnitude
of the organ is measured as approximately 1 mm. In addition,
it is assumed that reference frames of 50 frames per point are
needed to build a proper reference frame DB including the
treatment part 50 by the reference frame generator 330. Here,
the point indicates a place at which a reference frame is
acquired in correspondence with a movement magnitude of
the organ in each period, as described above. If one point is
needed every time the organ moves by 0.2 mm, a total of 5
points are needed during the period betweent, and t5 (a pause
between a breathing motion). Thus, reference frame acquisi-
tion locations of a total of S points are needed, and the number
of reference frames stored in the reference frame DB is 250.
This embodiment is only illustrative, and it will be understood
by one of ordinary skill in the art that the number of reference
frames may be calculated in another way only if the same
principle is applied.

[0181] A method of generating a temperature map that is
characterized in that the ultrasound diagnosis device 20 oper-
ates at a fixed position thereof in an ultrasound treatment and
diagnosis system for treating an internal organ, according to
an embodiment of the present disclosure, will now be
described with reference to FIG. 15

[0182] Thecurrentembodiment corresponds to a method of
irradiating the ultrasound wave for diagnosis on an observed
part in a physically fixed state. Thus, because the observed
part with respect to which the ultrasound diagnosis device 20
irradiates the ultrasound wave for diagnosis and receives
reflected waves thereof at a time the ultrasound treatment
device 10 irradiates the ultrasound wave for treatment may
not include the treatment part 50, a current frame generated
by the current frame generator 320 may also not include an
image of the treatment part 50. Therefore, in the current
embodiment, a process of generating a plurality of current
frames 1500 for the entire predetermined internal organ
including the treatment part 50 is needed. A detailed descrip-
tion according to the current embodiment describes a process
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of generating a temperature map 1504 ofa current frame 1501
that is one of the plurality of current frames 1500. In the
current embodiment in which the plurality of current frames
1500 are generated, the temperature map 1504 of a current
frame that corresponds to each current frame by repeating a
process described below.

[0183] First, reference frames 1502 of a predetermined
internal organ including the treatment part 50 are generated
for a one-breath cycle of a patient. A detailed method of
generating the reference frames 1502 is as described above.

[0184] Thereafter, the current frame generator 320 gener-
ates the current frame 1501 at a time the ultrasound treatment
device 10 irradiates the ultrasound wave for treatment. A
detailed method of generating the current frame 1501 is as
described above. Thereafter, the comparison frame selector
380 selects a comparison frame 1503 corresponding to the
current frame 1501 from among the reference frames 1502.
Thereafter, the comparator 350 generates the temperature
map 1504 of the current frame 1501 by using the current
frame 1501 and the comparison frame 1503 corresponding to
the current frame 1501.

[0185] Thereafter, the temperature map generator 360 gen-
erates a completed temperature map 1506 with a 3D volume
that three-dimensionally shows the predetermined internal
organ including the treatment part 50 by accumulating tem-
perature maps 1505 of current frames generated for each
current frame by repeating the above process. A method of
operating the current frame generator 320, the comparison
frame selector 380, the comparator 350, and the temperature
map generator 360 is as described above.

[0186] As described above, according to the one or more of
the above embodiments of the present disclosure, even when
an internal organ is moving, a temperature change at a pre-
determined part of the organ according to ultrasound irradia-
tion may be correctly measured. In addition, in a case of an
ultrasound therapy for treating a disease in a method of irra-
diating an ultrasound wave along with a moving organ, a
necrosis level of tissue in a treatment part may be correctly
perceived by correctly measuring a temperature change at the
treatment part. In addition, even in a case of an ultrasound
therapy for treating a disease in a method of irradiating an
ultrasound wave during a pause between a breathing motion,
anecrosis level of tissue in a treatment part may be correctly
perceived by correctly measuring a temperature change at the
treatment part. In particular, because a temperature of a treat-
ment part is correctly monitored even in a high temperature
range while an ultrasound therapy is performed, the ultra-
sound therapy may be efficiently performed such that a treat-
ing time is shortened. In addition, a treatment part and normal
surrounding tissue may be prevented from being damaged by
an ultrasound wave for treatment.

[0187] The above-described embodiments may be
recorded in computer-readable media including program
instructions to implement various operations embodied by a
computer. The media may also include, alone or in combina-
tion with the program instructions, data files, data structures,
and the like. The program instructions recorded on the media
may be those specially designed and constructed for the pur-
poses of embodiments, or they may be ofthe kind well-known
and available to those having skill in the computer software
arts. Examples of computer-readable media include magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD ROM disks and DVDs; magneto-
optical media such as optical disks; and hardware devices that
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are specially configured to store and perform program
instructions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like. The
computer-readable media may also be a distributed network,
so that the program instructions are stored and executed in a
distributed fashion. The program instructions may be
executed by one or more processors. The computer-readable
media may also be embodied in at least one application spe-
cific integrated circuit (ASIC) or Field Programmable Gate
Array (FPGA), which executes (processes like a processor)
program instructions. Examples of program instructions
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed by
the computer using an interpreter. The above-described
devices may be configured to act as one or more software
modules in order to perform the operations of the above-
described embodiments, or vice versa.

[0188] While the present disclosure has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by one 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 invention as defined by the following claims. The
exemplary embodiments should be considered in descriptive
sense only and not for purposes of limitation. Therefore, the
scope of the present invention is defined not by the detailed
description of the present disclosure but by the appended
claims, and all differences within the scope will be construed
as being included in the present disclosure.

What is claimed is:

1. A method of generating a temperature map showing a
temperature change before and after an ultrasound wave for
treatment is irradiated on a treatment part of a predetermined
organ, the method comprising;

generating a plurality of reference frames indicating

images of an observed part comprising the treatment
part in the predetermined organ in a patient during a
predetermined period related to a movement cycle of the
predetermined organ from echo signals that are trans-
duced from reflected waves of ultrasound waves for
diagnosis irradiated on the observed part during the pre-
determined period,

generating a current frame indicating an image of the

observed part at a time the ultrasound wave for treatment
is irradiated on the treatment part from the echo signals
that are transduced from the reflected waves of the ultra-
sound waves for diagnosis irradiated on the observed
part;

selecting a comparison frame that is one of the plurality of

reference frames based on a similarity between the ref-
erence frames and the current frame; and

generating the temperature map showing the temperature

change in the observed part based on a difference
between the comparison frame and the current frame.

2. The method of claim 1, wherein the selecting of the
comparison frame comprises selecting a frame that is the
most similar to the current frame from among the reference
frames as the comparison frame.

3. The method of claim 2, wherein the selecting of the
comparison frame comprises determining a frame that is the
most similar to the current frame from among the reference
frames based on a difference between pixel values of each of
the reference frames and pixel values of the current frame and
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selecting the reference frame, which is determined as the
most similar frame to the current frame, as the comparison
frame.

4. The method of claim 1, wherein the predetermined
period comprises a breathing cycle of the patient that corre-
sponds to the movement cycle of the predetermined organ,
and

the generating of the plurality of reference frames com-

prises generating the reference frames during the breath-
ing cycle of the patient.

5. The method of claim 1, wherein the predetermined
period is a pause period between a breathing motion in which
the movement of the predetermined organ is relatively small
in the movement cycle of the predetermined organ, and

the generating of the plurality of reference frames com-

prises generating the reference frames during the pause
period between the breathing motion.

6. The method of claim 5, wherein the generating of the
current frame comprises generating the current frame from
the echo signals that are transduced from the reflected waves
of the ultrasound waves for diagnosis irradiated on the
observed part during the pause period between the breathing
motion.

7. The method of claim 1, wherein the generating of the
current frame comprises generating current frames indicating
images of the predetermined organ from the echo signals that
are transduced from the reflected waves of the ultrasound
waves for diagnosis irradiated on a plurality of cross-sec-
tional images forming the observed part, and

the generating of the temperature map comprises generat-

ing a three-dimensional (3D) temperature map by accu-
mulating a plurality of temperature maps generated from
the generated current frames.

8. The method of claim 1, wherein the selecting of the
comparison frame comprises selecting candidate reference
frames from among the plurality of reference frames by con-
sidering an estimated position of the observed part at a time
corresponding to the movement cycle of the predetermined
organ or a time the current frame is generated.

9. The method of claim 1, wherein each of the reference
frames is obtained by replacing a reference frame generated at
a time corresponding to a time the current frame is generated
with the current frame by considering the movement cycle of
the predetermined organ.

10. The method of claim 1, wherein each of the generating
of the temperature map comprises generating the temperature
map by detecting a different type of waveform change
between echo signals for generating the comparison frame
selected from among the reference frames and echo signals
for generating the current frame.

11. A non-transitory computer-readable recording medium
storing a computer-readable program to implement the
method of claim 1.

12. An ultrasound system to generate a temperature map
showing a temperature change before and after an ultrasound
wave for treatment is irradiated on a treatment part of a
predetermined organ in a patient, the ultrasound system com-
prising:

an ultrasound diagnosis device to irradiate ultrasound

waves for diagnosis on an observed part comprising the
treatment part in the predetermined organ inside the
patient during a predetermined period related to a move-
ment cycle of the predetermined organ;
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an ultrasound treatment device to irradiate the ultrasound
waves for treatment on the treatment part; and

an ultrasound data processing device to generate the tem-
perature map showing the temperature change in the
observed part based on a difference between any one of
a plurality of reference frames indicating images of the
observed part that are generated from echo signals trans-
duced from reflected waves of the ultrasound waves for
diagnosis irradiated during the predetermined period
and a current frame indicating an image of the observed
part that is generated at a time the ultrasound wave for
treatment is irradiated on the treatment part from the
echo signals that are transduced from the reflected waves
of the ultrasound waves for diagnosis.

13. The ultrasound system of claim 12, wherein the ultra-
sound data processing device comprises a comparison frame
generator for selecting a frame that is the most similar to the
current frame from among the reference frames as a compari-
son frame.

14. The ultrasound system of claim 13, wherein the com-
parison frame generator determines a frame that is the most
similar to the current frame from among the reference frames
based on a difference between pixel values of each of the
reference frames and pixel values of the current frame and
selects the reference frame, which is determined as the most
similar frame to the current frame, as the comparison frame.

15. The ultrasound system of claim 12, wherein the prede-
termined period is a breathing cycle of the patient that corre-
sponds to the movement cycle of the predetermined organ,
and

the ultrasound data processing device comprises a refer-
ence frame generator for generating the reference
frames during the breathing cycle of the patient.

16. The ultrasound system of claim 12, wherein the prede-
termined period is a pause period between a breathing motion
in which the movement of the predetermined organ is rela-
tively small in the movement cycle of the predetermined
organ, and

the ultrasound data processing device comprises a refer-
ence frame generator for generating the reference
frames during the pause period between the breathing
motion.

17. The ultrasound system of claim 16, wherein the refer-
ence frame generator generates the current frame from the
echo signals that are transduced from the reflected waves of
the ultrasound waves for diagnosis irradiated on the observed
part during the pause period between the breathing motion.

18. The ultrasound system of claim 12, wherein the ultra-
sound data processing device comprises:

a current frame generator to generate current frames indi-
cating images of the predetermined organ from the echo
signals that are transduced from the reflected waves of
the ultrasound waves for diagnosis irradiated on a plu-
rality of cross-sectional images forming the observed
part; and

a temperature map generator to generate a three-dimen-
sional (3D) temperature map by accumulating a plural-
ity of temperature maps generated from the generated
current frames.

19. The ultrasound system of claim 15, wherein the refer-
ence frame generator further comprises a reference frame
selector to select candidate reference frames from among the
plurality of reference frames by considering an estimated
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position of the observed part at a time corresponding to the
movement cycle of the predetermined organ or a time the
current frame is generated.

20. The ultrasound system of claim 15, wherein the refer-
ence frame generator replaces a reference frame generated at
a time corresponding to a time the current frame is generated
with the current frame by considering the movement cycle of
the predetermined organ.
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