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(57) ABSTRACT

A respiratory gating system is disclosed that varies the
orientation of a radiation emitting device according to a
patient’s natural breathing. A breathing respirator is pro-
vided that allows the patient’s respiration amount to be
measured. External markers are adhered to triangulation
points around a radiation target region, such as a heart, of the
patient. An image diagnosis device images the target region.
A computed tomography device reveals movements of the
target region caused by the respiration. Triangulations and
polynomial approximations are used to estimate the trajec-
tory of the target region in real time. Position coordinates
derived from the estimated trajectory are transmitted to the
radiation emitting device. The system increases the accuracy
and stability of the entire radiation therapy result.
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RESPIRATORY GATING SYSTEM FOR
PATIENT USING NATURAL BREATHING
METHOD DURING RADIATION THERAPY,
AND METHOD FOR EMITTING RADIATION
THEREBY

TECHNICAL FIELD

The present invention relates generally to a respiratory
gating system for a patient using a natural breathing method
during radiation therapy and a method for emitting radiation
thereby. More particularly, the present invention relates to a
respiratory gating system that continually re-orients a radia-
tion emitting device based upon tracked movements of a
subject (for example, a heart) that is the target or targeted
region of a radiation treatment.

BACKGROUND ART

According to a recent trend of radiation therapy, in order
to check an accurate position of a subject on which a
treatment is to be carried out, such as a tumor, an image
guided radiation therapy (IGRT) or respiratory gated radia-
tion therapy (RGRT) technique is used. According to the
IGRT, whenever the radiation therapy is performed, an
image of a subject on which treatment is to be carried out,
such as a tumor of the patient, is obtained using computed
tomography (CT) equipment immediately before the radia-
tion therapy. When a therapy plan is built, the obtained
image is compared to re-adjust a position where the radia-
tion is emitted, thereby securing accuracy of the therapy.
Further, according to the RGRT, a real-time position man-
agement (RPM) system is used to track a position of a
subject on which treatment is to be carried out, such as a
tumor, in a chest or an abdomen, according to a respiration
cycle of a patient and the radiation is emitted according to
the movement of the tracked position.

The method for tracking a position of a subject on which
treatment is to be carried out, such as a tumor, is mainly
classified into two methods: The first method is a method of
tracking a position by implanting a fiducial marker (or a gold
marker) in a target. The first method has an advantage in that
a movement displacement of the target is accurately
checked, but also has a disadvantage in that the method is
invasive and the target needs to be removed after performing
the therapy. The second method is a method for tracking a
position using an external marker. This method is non-
invasive and may secure accuracy of target localization.
However, in the related art, only one external marker is
provided, which may lower accuracy of tracking a position.

According to Patent Document 1 (Korean Registered
Patent No. 10-0943180), a biological signal is stabilized
using training and relaxation response is provided to per-
form bio feedback. In the above-mentioned technologies,
even though high tech equipment is used to correct the
movement according to respiration of a patient, a cost
therefor and training for every patient are uncertain. Further,
a stability of a patient which has difficulty in breathing is
lowered, so that a treatment time is increased. Specifically,
a recent radiation technique transmits high dose intensity at
once at a short treatment time so that movement of the
patient, that is, a respiration amount needs to be indispens-
ably considered.

DISCLOSURE
Technical Problem

The present invention has been made in an effort to
provide a respiratory grating system for a patient using a
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natural breathing method during radiation therapy which
tracks the position of the subject on which treatment is to be
carried out, such as a tumor, which is a target, by collecting
and processing inhalation and exhalation amounts of the
breathing, that is, the respiration amount in real time while
maintaining natural breathing of the patient during radiation
therapy, thereby removing uncertainty of a bio feedback of
the related art. The respiratory grating system includes a
breathing respirator which is worn by the patient, three
external markers and an image diagnosis device which
measures and photographs the change in position of the
subject on which treatment is to be carried out according to
the depth and the amount of the respiration which is trans-
mitted through the breathing respirator, and a computer
program which tracks a trajectory according to the measured
change in position of the subject on which treatment is to be
carried out to convert the trajectory as a vector and calcu-
lates, as position coordinates, the vector using a triangula-
tion method and dual polynomial equations and transmits
the position coordinates to radiation therapy equipment.

The present invention has been made in an effort to further
provide a method for emitting radiation by a respiratory
gating system for a patient using a natural breathing method
during radiation therapy.

Technical Solution

According to an aspect of the present invention, there is
provided a respiratory gating system for a patient using a
natural breathing method during radiation therapy allows
radiation to be emitted by orienting to a position which
varies according to a patient’s breathing, of a subject on
which treatment is to be carried. The respiration gating
system includes: a breathing respirator for allowing the
patient’s respiration amount to be measured; external mark-
ers to be respectively adhered to triangulation points outside
a human body of the surrounding region of the subject of the
patient on which treatment is to be carried out; an image
diagnosis device for imaging the region of the subject of the
patient on which treatment is to be carried out by photo-
graphing the same; and a computer program programmed so
as to calculate, as position coordinates, the change in posi-
tion of the subject on which treatment is to be carried out,
according to the respiration amount measured by the com-
puted tomography equipment and the each external marker,
through a triangulation method and dual polynomial equa-
tions, and to transmit the position coordinates, which
changes in real time, to radiation therapy equipment.

Further, the image diagnosis device may be a computed
tomography (CT) device, fluoroscopy or magnetic reso-
nance (MR) imaging device.

Further, according to another aspect of the present inven-
tion, there is provided a method for emitting radiation by a
respiratory gating system allowing radiation to be emitted by
orienting to a position, which varies according to a patient’s
breathing, of a subject on which treatment is to be carried
out. The method includes putting a breathing respirator
which transmits a respiration amount on a nasal cavity and
a mouth of a patient; adhering external markers to triangu-
lation points outside a human body of the surrounding
region of the subject of the patient on which treatment is to
be carried out; imaging a position of the subject on which
treatment is to be carried out according to a signal of a depth
and an amount of respiration by a respiration amount of the
patient which is transmitted from the breathing respirator by
computed tomography (CT) equipment in real time; mea-
suring the change in position, which is imaged by the
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external markers, of the subject on which treatment is to be
carried out; calculating, as a position coordinate, the change
in position of the subject on which treatment is to be carried
out using a triangulation method and dual polynomial equa-
tions; and transmitting the position coordinates to radiation
therapy equipment to emit radiation to the subject on which
treatment is to be carried out, whose position varies.

The triangulation equation may estimate the position,
which varies, of the subject on which treatment is to be
carried out, on an XY coordinate with respect to triangula-
tion positions of external markers and the dual polynomial
equations may track a trajectory according to the change in
position of the subject on which treatment is to be carried out
which is estimated by the triangulation equation and then
create an equation using a vector value of the trajectory to
calculate the position coordinate.

Collecting of a signal of a depth and an amount of the
respiration may include: measuring a physical phenomenon
such as a pressure using data acquisition (DAQ); patterning
an input signal value using a field programmable gate array
(FPGA) on the signal collected in the measuring of a
physical phenomenon in an image diagnosis device; and
adjusting an on/off time of radiation based on information
obtained by patterning the signal value according to move-
ment in the patterning of a signal value.

Advantageous Effects

According to the respiratory gating system for a patient
using a natural breathing method during radiation therapy
and the method for emitting radiation thereby of the present
invention, the accuracy and stability of the entire radiation
therapy result may be further increased by tracking, in real
time, the movement of an organ, which is the subject on
which treatment is to be carried out according to breathing,
through a respiratory gating system which uses natural
breathing rather than a breathing method through the train-
ing of the patient.

Moreover, the radiation may be emitted on a more accu-
rate position, which varies in real time according to a
patient’s breathing, of the subject on which treatment is to
be carried out by measuring a position of the subject on
which treatment is to be carried out, through three external
markers which are located outside the patient and calculat-
ing the change in position of the subject on which treatment
is to be carried out, through a triangulation method and dual
polynomial equations.

DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual view illustrating a wearing status
of a breathing respirator which configures a respiratory
gating system for a patient using a natural breathing method
during radiation therapy according to the present invention.

FIG. 2 is a conceptual view illustrating an arrangement of
external markers which configure a respiratory gating sys-
tem for a patient using a natural breathing method during
radiation therapy according to the present invention.

FIG. 3 is a conceptual view illustrating change in position
of a subject on which treatment is to be carried out according
to a respiration amount using a respiratory gating system for
a patient using a natural breathing method during radiation
therapy according to the present invention.

BEST MODE

Hereinafter, exemplary embodiments of a respiratory gat-
ing system for a patient using a natural breathing method

15

20

25

40

45

55

60

65

4

during radiation therapy and a method for emitting radiation
thereby will be described in detail with reference to draw-
ings. The present invention is not limited to embodiments to
be disclosed below, but various forms different from each
other may be implemented. However, the embodiments are
provided to be completely known to those skilled in the art.

FIG. 1 is a conceptual view illustrating a wearing status
of a breathing respirator which configures a respiratory
gating system for a patient using a natural breathing method
during radiation therapy according to the present invention
and FIG. 2 is a conceptual view illustrating an arrangement
of external markers which configure a respiratory gating
system for a patient using a natural breathing method during
radiation therapy according to the present invention.

As illustrated in FIGS. 1 and 2, a respiratory gating
system for a patient using a natural breathing method during
radiation therapy according to the present invention includes
a breathing respirator 1, an image diagnosis device, three
external markers 2, and a computer program which calcu-
lates position coordinates of a position which varies, of a
subject on which treatment is to be carried out, through the
above-mentioned components.

The breathing respirator 1 is put on a nasal cavity and a
mouth of a subject, of a patient 3, on which treatment is to
be carried out and radiation is to be emitted to guide and
transmit inhalation and exhalation amounts of the patient 3
during radiation therapy, that is, a respiration amount.

Even though not illustrated, the image diagnosis device
including computer images signals of a depth and an amount
of respiration which is transmitted through the breathing
respirator 1 in real time by photographing the same. Specific
examples of the image diagnosis device include a computed
tomography (CT) device, fluoroscopy or magnetic reso-
nance (MR) imaging device.

The three external markers 2 are adhered to triangulation
points of three places outside the human body in an area
surrounding the target region or subject 1a for example on
the abdomen and the sides to measure the change in position
of the subject on which treatment is to be carried out
according to the respiration amount, on an XY coordinate.

The computer program is installed in a computer of an
image diagnosis device. The image diagnosis device images
the subject 1a of the patient 1 on which treatment is to be
carried out by photographing the subject 1a. The computer
program drives a program of a triangulation method and
dual polynomial equations which measure the position
which varies, of the subject 1a on which treatment is to be
carried out, by three external markers 2, using the image of
the photographed subject on which treatment is to be carried
out and calculate the position as position coordinates.
Examples of the dual polynomial equations may include
linear and quadratic equations, log, and exponent.

Embodiments

Next, a method for emitting radiation by the respiratory
gating system for a patient using a natural breathing method
during radiation therapy configured as described above will
be described.

FIG. 3 is a conceptual view illustrating change in position
of a subject on which treatment is to be carried out according
to a respiration amount using a respiratory gating system for
a patient using a natural breathing method during radiation
therapy according to the present invention.

Referring to FIGS. 2 and 3, first, a breathing respirator 2
is worn on a nasal cavity and a mouth of a patient and
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whenever the patient naturally breathes, a signal of a depth
and an amount of respiration is imaged in real time using the
image diagnosis device.

Next, in an imaging step, a position, which varies, of the
subject 1a on which treatment is to be carried out and
radiation is to be emitted is measured with respect to three
external markers 3, using the image of the photographed
region of the subject 1a of the patient 1 on which treatment
is to be carried out.

Next, a trajectory of coordinates on which the subject 1a,
which varies, on which treatment is to be carried out is
located is tracked by a computer program through the
triangulation method and a real-time trajectory equation is
created using a vector value of the trajectory through the
dual polynomial equations. For example, the position, which
varies on the XY coordinate, of the subject on which
treatment is to be carried out is measured by three external
markers 3 and the positions are connected to be represented
by a trajectory. The trajectory is used to obtain an equation
which is one of y=ax, y=ax+bx, y=ax+bx+c, y=ax>, y=ax’+
bx, y=ax’+bx+c by the dual polynomial equations. There-
fore, the change in position of the subject on which treat-
ment is to be carried out according to variables of the
respiration amount is mathematized through the equation to
be calculated as a position coordinates. In this case, collect-
ing of a signal of the respiration amount includes (a)
measuring a physical phenomenon such as a pressure using
data acquisition (DAQ), (b) patterning an input signal value
using a field programmable gate array (FPGA) on the signal
collected in step (a), and (c) adjusting an on/off time of
radiation based on information obtained by patterning the
signal value according to movement in step (b). As an
example of the dual polynomial equations, log or exponent
which is described above may be used in addition to the
linear and quadratic equations.

Next, the position coordinates which are obtained by
tracking the position, of the subject 1a on which treatment
is to be carried out, which varies in real time according to a
natural breathing amount during the radiation therapy of the
subject 1a of the patient on which treatment is to be carried
out are transmitted to radiation therapy equipment so that the
radiation therapy equipment irradiates radiation onto the
subject 1@ on which treatment is to be carried out on an
accurate position according to the position coordinates
which vary.

As compared with a method of controlling a radiation
beam to be on/off in a region of the subject, which is a
moving target, on which treatment is to be carried out, by
receiving breathing phase data of the related art, according
to the respiratory gating system of the present invention may
more accurately secure the movement of the subject on
which treatment is to be carried out which is a target using
not only a respiration amount but also a distortion through
the triangulation method and the dual polynomial equations.
Further, according to the respiratory gating system of the
present invention, data of the position coordinate obtained
from the patient is created as a respiratory pattern portfolio
to be applied in an actual clinical treatment and a position
coordinate of the subject (tumor) on which treatment is to be
carried out is called in form of a library using inhalation and
exhalation amounts, regardless of regular/irregular breath-
ing pattern of the patient to input the position coordinate to
the radiation therapy equipment in real time. The radiation
therapy equipment which receives the position coordinate
starts the image guided radiation therapy (IGRT) and the
respiratory gated radiation therapy (RGRT) according to a
determined coordinate. In this case, the image guided radia-
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tion therapy (IGRT) or the respiratory gated radiation
therapy (RGRT) is determined in accordance with a breath-
ing pattern classification of the patient. Therefore, in the case
of a simple breathing pattern, a therapy system which is
close to the IGRT may be selected.

As described above, the respiratory gating system for a
patient using a natural breathing method during radiation
therapy according to the present invention and the method
for emitting radiation thereby have been described. How-
ever, the present invention is not limited to the exemplary
embodiments and the drawings disclosed herein. Further, it
should be understood that those skilled in the art may modify
the present invention in various forms within the scope of
the technical spirit of the present invention.

INDUSTRIAL APPLICABILITY

The present invention may be utilized as a respiratory
gating system for a patient using a natural breathing method
during radiation therapy and a method for emitting radiation
thereby which may increase the accuracy and stability of the
entire radiation therapy result by tracking, in real time, the
movement of an organ, which is the subject on which
treatmertt is to be carried out according to breathing, through
a respiratory gating system which uses natural breathing
rather than a breathing method through the training of the
patient.

Moreover, the present invention may be further utilized as
a respiratory gating system for a patient using a natural
breathing method during radiation therapy and a method for
emitting radiation thereby which may emit the radiation on
a more accurate position, which varies according to a
patient’s breathing, of the subject on which treatment is to
be carried out by measuring a position of the subject on
which treatment is to be carried out, through three external
markers which are located outside the patient and calculat-
ing the change in position of the subject on which treatment
is to be carried out, through a triangulation method and dual
polynomial equations.

The invention claimed is:

1. A respiratory gating system for a patient using a natural
breathing method, the system allowing radiation to be emit-
ted by orienting to a position which varies according to a
patient’s breathing during radiation therapy of a target
region of the patient on which treatment is to be carried out,
the system comprising:

a breathing respirator configured to be placed over the
patient’s nasal cavity and mouth for allowing the
patient’s respiration amount to be measured,

a field programmable gate array (FPGA) that receives
pressure data from the breathing respirator, determines
a depth and amount of respiration, and generates a
regular or irregular breathing pattern of the patient;

external markers to be respectively adhered to triangula-
tion points in an area surrounding the target region,

an image device for imaging the target region by photo-
graphing the target region;
a non-transitory computer-readable storage media having
instructions stored thereon that, when executed by a
processor, causes the processor to perform
(a) triangulating an XY coordinate of the target region
with coordinates of the external markers to estimate
a position of the target region,

(b) repeating the triangulation as the patient breathes to
determine a trajectory along which the target region
1s moving,
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(¢) generating a polynomial approximation of the tra-
jectory, and

(d) generating position coordinates of the target region
derived from the polynomial approximation; and

radiation therapy equipment that is configured to receive

the position coordinates of the target region generated

by the computer and adjust an on/off time of radiation

based on a classification of the patient’s breathing

pattern.

2. The system of claim 1, wherein the image device is a
computed tomography (CT) device, fluoroscopy or magnetic
resonance (MR) imaging device.

3. A method for emitting radiation to a target region of a
patient on which treatment is to be carried out by a respi-
ratory gating system allowing radiation to be emitted by
orienting to a position, which varies according to a patient’s
breathing, the method comprising:

collecting pressure data from the patient using a breathing

respirator positioned over a nasal cavity and a mouth of
the patient;

adhering external markers to triangulation points outside

the patient’s body in an area surrounding the target
region;

imaging a changing position of the target region due to

respiration;

20

8

measuring the change in position, based on images of the
external markers, of the target region;

triangulating an XY coordinate of the target region with
coordinates of the external markers to estimate a posi-
tion of the target region, and repeating the triangulation
as the patient breathes to determine a trajectory along
which the target region is moving;

generating a polynomial approximation of the trajectory;

transmitting the position coordinates of the target region,
derived from the polynomial approximation, to radia-
tion therapy equipment to emit radiation to the target
region so that the radiation therapy equipment can more
accurately track the target region as the patient
breathes;

processing the pressure data, using a field programmable
gate array (FPGA), to determine a depth and an amount
of respiration;

classifying the patient’s breathing pattern as a regular or
irregular breathing pattern based on the determined
depth and amount of respiration; and

adjusting an on/off time of radiation based on the patient’s
breathing pattern classification.
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