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Purpose: Respiratory training system that can be used by patients themselves was
developed with a micro-electro-mechanical-system (MEMS)-based patch-type magnetic
sensor. We conducted a basic function test and clinical usability evaluation to determine
the system’s clinical applicability.

Methods: The system is designed with a sensor attached to the patient’s chest and a
magnet on the back to monitor the patient’s respiration by measuring changes in
magnetic intensity related to respiratory movements of the thoracic surface. The system
comprises a MEMS-based patch-type magnetic sensor capable of wireless
communication and being applied to measurement magnets and mobile applications.
System performance was evaluated by the level of systemic noise, the precision of the
sensor in various breathing patterns, how measurement signals change for varying
distances, or the presence or absence of material between the sensor and the magnet.
Various breathing patterns were created using the QUASAR respiratory motion phantom;
the data obtained were analyzed using the fitting and peak value analysis methods.

Results: The sensor had a noise ratio of <0.54% of the signal; the average errors in signal
amplitude and period for breathing patterns were 78.87 um and 72 ms, respectively. The
signal could be measured consistently when the sensor–magnet distance was 10–25 cm.
The signal difference was 1.89% for the presence or absence of a material, indicating that
its influence on the measurement signal is relatively small.

Conclusion: The potential of our MEMS-based patch-type wearable respiratory self-
training system was confirmed via basic function tests and clinical usability evaluations.
We believe that the training system could provide thorough respiratory training for patients
after a clinical trial with actual patients confirming its clinical efficacy and usability.

Keywords: radiation therapy, respiratory monitoring, respiratory self-training, patch-type magnetic sensor, micro-
electro-mechanical-system (MEMS)
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INTRODUCTION

The goal of radiation therapy is to irradiate a tumor with a
prescribed dose to treat cancer while delivering the minimum
required radiation dose to the nearby normal tissues to minimize
side effects. To achieve this goal, efforts have been made by
advancing radiation therapy equipment and treatment methods,
including three-dimensional conformal radiation therapy (3D-
CRT), intensity-modulated radiation therapy (IMRT),
volumetric modulated arc therapy (VMAT), and stereotactic
body radiation therapy (SBRT). Additionally, accurate
localization of the tumor and surrounding organ at risks
(OARs) is required for carrying out an effective radiation
therapy. The locations of tumors and organs in the thorax or
abdomen tend to change over time during breathing, so the
consideration of related movements during the treatment is
essential. According to the American association of physicists
in medicine (AAPM) task group (TG) Report 76, the
displacement of lung tumor in lower lobe could be a
maximum of 18.5 mm, and the diaphragm, which is one of the
abdominal organs, moved up to 101 mm during deep breathing.
Regarding the tumor’s or OAR’s internal motion due to
respiration, the international commission on radiation units
and measurements (ICRU) Report 62 recommends radiation
therapy to use the internal target volume (ITV), the clinical target
volume (CTV) added with the inner margin (1). However,
delivering the prescribed dose to the extended target volume
while considering internal motion may increase the chance of the
radiation induced complications on OARs (2–4).

Various studies have been conducted on methods for
managing the respiration to reduce the uncertainty of radiation
therapy caused by the motion of the target and adjacent OARs
(5–7). The management methods of respiratory motions are the
motion-encompassing methods, respiratory gating methods,
breath-hold methods, forced shallow breathing with abdominal
compression methods, and real-time tumor-tracking methods
(8). Appropriate respiratory motion monitoring should be
accompanied for the respiratory gating methods, breath-hold
methods, and real-time tumor-tracking methods. Abdominal
surface motion can be tracked either by using an artificial
marker placed on the patient’s abdomen through which
surface images can be captured using a secured camera and
analyzed without using a marker, or a marker can be implanted
in patient’s body, and its motion can be tracked in real-time.
According to Philippe Giraud et al., radiotherapy accompanied
by respiratory management reduced dosimetric parameters that
predict cardiopulmonary and esophageal toxicities (9).

For efficient respiratory motion management, regulating
patient’s breathing is essential, and previous studies have
reported the usefulness of respiratory training for this purpose
Abbreviations: 3D-CRT, three-dimensional conformal radiation therapy; IMRT,
intensity-modulated radiation therapy; VMAT, volumetric modulated arc
therapy; SBRT, stereotactic body radiation therapy; OARs, organ at risks; ITV,
internal target volume; CTV, clinical target volume; PTV, planning target volume;
MEMS, micro-electric-mechanical-system; RMS, root-mean-square; StdDev,
standard deviation; SNR, signal-to-noise ratio; P-P, peak-to-peak; 4DCT, four-
dimensional computed tomography; CPAP, continuous positive airway pressure.
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(5, 10, 11). Venkat et al. reported that respiratory training using
an audiovisual biofeedback device resulted in a >50% reduction
in displacement variation between breathing cycles and a >70%
reduction period variation compared to free breathing (10).
Respiratory training is recommended before treatment to
maintain constant breathing patterns in patients whose
respiratory motion should be considered for radiotherapy. The
following elements are necessary for this goal: i) time other than
radiotherapy time for respiratory training, ii) space for training
and training equipment, and iii) workforce for helping with the
training and monitoring the patient. Thus, providing respiratory
training to all patients can be demanding the large effort and
resource for medical institutions.

Further to previous work, which reported on the basic
performance of a respiratory training system based on a
micro-electro-mechanical-system (MEMS) sensor (12), we
upgraded the system with a small patch-type sensor capable of
wireless communication by having Bluetooth module introduced
to MEMS sensor. In addition, a respiration signal is displayed on
the user’s smartphone, and a mobile application was developed
for respiration training, so a system was created to allow patients
to do training anywhere, anytime, with ease. In this study, we
evaluated the performance of the sensor used in our in-house
respiratory monitoring and training system, and confirmed the
system’s clinical usability.
MATERIALS AND METHODS

Settings for Sensor Evaluation
As shown in Figures 1A, B, the system is designed to monitor
respirations by attaching the sensor to patient’s chest and placing
a magnet on the back. The chest surface movements according to
respiration are displayed by variation of magnetic field intensity,
taking advantage of the property of varying strengths of a
magnetic field for change in the distance between sensor and
magnet. The respiration signal was transferred from the patch-
type sensor embedded with a Bluetooth module to a mobile
device. The signal was then displayed through the in-house
Android application and stored in the device. After the
training, the respiration signal can be transmitted from the
mobile device to the database through the network. Equipment
such as RPM, Vison-RT, and C-RAD, which use cameras to
monitor markers (reflectors) on the patient’s surface or the
surface movement itself, requires additional space to install the
system with staff operating the system for breathing training.
However, the system we developed has a tiny sensor and magnet
about the size of a coin and attached to the patient’s skin,
allowing them to self-train themselves. This system can
dramatically reduce the workload of a hospital by enabling the
patient to perform respiratory training at any position anytime
and anywhere at a low cost while having similar or superior
precision compared to existing respiratory training equipment.

The system consists of magnet, sensor, and mobile application
appearing in Figures 1B, C, and the system flowchart for displaying
respiratory signal from sensor was shown in Figure 2. The strength
August 2021 | Volume 11 | Article 680147
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of magnet used in this study was 3200 Gauss (G), and size was 2.5 x
4.0 x 0.5 cm3. The developed sensor was embedded with a micro-
electro-mechanical-system (MEMS)-based magnetic sensor; its size
was 1.8 x 3.5 x 0.2 cm3; powered by a 3V coin cell battery. The
magnetic intensity can be measured in three-axis, independently.
Assuming that the sensor is attached to the surface of the chest
lengthways, the x refers to superior-to-inferior, y refers to left-to-
right and z refers anterior-posterior direction that is identical with
chest movement. The measurement range was ± 12 G, sensitivity
was 0.44 mG/digit, and sampling rate was about 30 Hz. The signals
obtained from theMEMS sensor are sent to the phone via Bluetooth
Frontiers in Oncology | www.frontiersin.org 3
BLE 5.0 interface, and the transmitted signals are denoised by
Kalman filter within mobile application. The three-axis signal is
converted to a one-dimensional root-mean-square (RMS) signal
using the following equation before being displayed.

RMS signal =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 + y2 + z2

3

r

RMS was used to express the magnitude of resonance
considering the 3-dimensional signal’s variability for time
QUASAR™ Programmable Respiratory motion phantom.
FIGURE 1 | Overview of the respiratory monitoring and training system: (A) Illustration of the system overview. (B) Setup for sitting position. (C) The components of
the system; Sensor and magnet are compared with coin to show their size.
FIGURE 2 | System flowchart for displaying respiratory signal in the mobile application.
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Kang et al. Respiratory Self-Training System
The QUASAR™ Programmable Respiratory Motion
Phantom (Modus Medical Devices Inc., London, ON, Canada),
can simulate various breathing patterns used to evaluate sensor
performance. The respiratory motion phantom can connect to a
computer controlling a motion and move in three different
modes, i.e., oscillation, rotation, and position. As shown in
Figure 3, the insert, which represents lung motion, was moved
using oscillation mode and position mode with attaching the
sensor to evaluate the system. The oscillation mode can allow
movements in various waveforms, and the phantom provides the
waveform whose amplitude range from 0.0 mm to 30.0 mm. The
position mode allows up to ±20.0 mm movements in 0.1 mm
increment from the reference. The oscillation mode was used to
assess sensor accuracy for repetitive waveform, and the position
mode was used to assess position-dependent signal change.

Analysis Methods
Our system’s signal was transferred from a smartphone to a
database using the smartphone’s wireless data communication in
a text file. The text file contains the patient information, training
environment information (e.g. sensor setting, patient setup, date,
and time) three-axis magnetic field signal, and voltage of the
battery power. The three-axis signal obtained was converted to
Frontiers in Oncology | www.frontiersin.org 4
the RMS signal for data analysis. The data obtained through
QUASAR’s oscillation mode were analyzed in two ways as
follows. The first method used the amplitude, i.e., peak-to-peak
value. The difference between maximal and minimal peaks of the
RMS signal was calculated for each period. The calculated
average of the amplitudes was assumed identical to the
amplitude set in the QUASAR, and then the error was
estimated by the standard deviation of amplitudes.
Additionally, the time difference between the maximal peak
and the next maximal peak was calculated, whose difference
from the QUASAR period was checked. The second method was
to analyze the signals by fitting. In this study, the sensor was
evaluated by moving the QUASAR in various periods and
amplitudes of a sinewave, so the RMS signal was fit to a sine
function using the following equation.

f(x) = A · sin(Bx + C)

A is the amplitude of measured data; B is the period of a sine
waveform; C is the phase shift. The period from the measured
signal was calculated as dividing B by 2p. Fitting was conducted
using MATLAB, from which the fitting parameters were
obtained to calculate the average period and amplitude for
each signal; the sensor’s error was calculated by comparing it
FIGURE 3 | The experimental setup for sensor evaluation: (A) QUASAR Motion Phantom attaching the sensor to surface of the insert and the magnet aligned with
sensor, (B) the phantom movement modes i.e., oscillation mode and position mode.
August 2021 | Volume 11 | Article 680147
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to the actual phantom motion. Data obtained through
QUASAR’s position mode the stop signal measured at each
location, so the average and standard deviation (StdDev) of the
measured signal were calculated for a particular time duration
for analysis. The calculated StdDev value was used as a signal-to-
noise ratio (SNR) or an index of system uncertainty.

Performance Evaluation
Background Signals
For accurate performance evaluation of the system, background
noise was measured. The sensor was used to measure the nearby
magnetic field signal, and the sensor noise was calculated as the
ratio of StdDev versus the average signal. First, to confirm the
background signal, i.e., the noise from the earth’s magnetic field
or the ambient magnetic field, the signal was measured without
placing a magnet near the sensor. Additionally, how the
measurement value changed depending on the presence or
absence of the magnet was confirmed. The effect of
interference by the magnet residing in the phantom’s driving
section was also measured. The magnet enclosed in the system
was removed, and the signal was measured for analysis with the
sensor placed next to the phantom in the sinewave motion. The
amplitudes (P-P) of the sinewave were 10, 20, and 30 mm, and
the period was 3 s.

Signals According to Motion Phantom’s Period and
Amplitude
To evaluate the sensor’s response to various breathing patterns,
the signal was measured as the motion phantom’s amplitude and
period were varied. The signal was measured after attaching the
sensor to the phantom’s inserting area, which shows thoracic
changes due to a patient’s breathing, and placing the magnet
15 cm away from the sensor. The phantom was in sinewave
motions whose amplitudes (P-P) were 10, 20, and 30 mm, and
periods were 1, 2, 3, 4, and 5 s. The measurement was made twice
for 15 sets, and each signal was analyzed by calculating its
amplitude error and time error using the two aforementioned
methods: analytic methods using amplitude value or
fitting parameter.

Signals According to the Distance Between Sensor
and Magnet
Because the distance between sensor and magnet can influence
the signal, signal accuracy according to distance change was
confirmed. The signal was measured twice for the distance
between sensor and magnet at 10, 15, 20, and 25 cm when the
phantom was moved in sinewave of 10 mm amplitude (P-P) and
3 s periods. To calculate the accuracy, each signal was analyzed
using the two aforementioned methods: analytic methods using
amplitude value or fitting parameter.

Signals According to Phantom’s Position Change
Using the QUASAR’s position mode, we evaluated the sensor’s
sensitivity to the phantom’s position change in the stationary
state. The distance between sensor and magnet was 16 cm. With
this as a reference, the signal was measured as the phantom
position was moved in 1 mm increments between -10 to 10 mm.
Frontiers in Oncology | www.frontiersin.org 5
For the stop section after the position change, the average signal
and StdDev were calculated, and the lengths for the
corresponding segments were identically analyzed. An identical
experiment was performed three times, and the position
accuracy was calculated with the phantom motion as reference.

Signals According to the Absence and Presence of
Material Between the Sensor and Magnet
The developed respiratory training system operates via a sensor
attached to the chest and a magnet placed on the back to monitor
respiration, so a patient’s body lies between the sensor and the
magnet. The change in the signal caused by the material between
the sensor and the magnet was evaluated. As shown in Figure 4,
the sensor was attached to the phantom, and the magnet was
placed 20 cm away with a solid water phantom, e.g. slab phantom
(RW3, PTW Freiburg), placed in between. The thickness of the
slab phantom was 15 cm. Air was in between when there was no
slab phantom. The phantom was moved in a sinewave of 3 s
periods and 10-, 20-, and 30-mm amplitudes. Each signal was
analyzed using the two methods previously mentioned, and the
total error was calculated as the average of the errors obtained
using the methods individually.
RESULTS

Background Signals
Figure 5 shows a signal measured without a magnet and a signal
measured with magnet placed 15 cm from the sensor. The
difference [%] between the averaged signal and the measured
signal over time is shown. The magnitude of the measured signal
without a magnet was 1981.4 ± 10.073, and the signal-to-ratio
(SNR), the ratio of StdDev versus the average signal, was 0.54%.
The magnitude of the signal measured with a magnet 15cm away
from the sensor was 18714.8 ± 15.082, and the SNR was 0.08%.
Additionally, to confirm the effect of the magnet inside the
phantom on the measurement, the signal was measured with
the sensor placed next to the phantom moving in sinusoidal
form. Table 1 shows the mean and StdDev of the signals
according to the amplitude of sinewave. The greater the
moving amplitude of the phantom, the greater the StdDev of
the signal.

Signals According to Motion Phantom’s
Period and Amplitude
Figure 6 shows the measurement accuracy according to the
motion phantom’s period and amplitude, and Figure 6A shows
the results from analyzing the measured amplitude signal using
the peak value. Regarding the measurements of the amplitude
precision, the amplitude error of the signal was the smallest
(46.57 mm) at an amplitude of 20 mm and a period of 5 s, and
was the largest (102.65 mm) at an amplitude of 30 mm and a
period of 5 s. Figure 6B shows the results from analyzing the
measured signal using the fitting parameter. The amplitude error
was the smallest (20.27 mm) at an amplitude of 10 mm and a
period of 5 s, and was the largest (185.15 mm) at an amplitude of
August 2021 | Volume 11 | Article 680147
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30 mm and a period of 1 s. Figure 6C shows the periodic
precision of the measured signal analyzed by using the peak value
and fitting parameter. For both methods, the periodic error
increased as the motion phantom’s period increased, and the
difference in periodic error between the two methods was <2 ms.
The period error was the largest at 121 ms when the period was
5 s.
Frontiers in Oncology | www.frontiersin.org 6
Signals According to the Distance
Between Sensor and Magnet
Figure 7 shows the precision of the measured signal according to
the change in distance between the sensor attached to the motion
phantom and static magnet. The errors calculated by peak value
method and fitting parameter method were shown according to
the distance. Measurements were made twice for each distance,
and the error calculated in each measurement were averaged.
The x-axis is the distance between the sensor and the static
magnet, and the y-axis is the amplitude error calculated from the
peak value method and from the fitting parameter method.
When precision was evaluated using the peak value, the error
was the minimum at 30.17 mm at a 10 cm distance, and it was the
maximum at 196.43 mm at 20 cm. When precision was evaluated
FIGURE 5 | Background signal picked up by the sensor to check for sensor noise when there was (in orange line) and was not (in blue line) a magnet.
TABLE 1 | Average and standard deviation of signals according to the amplitude
of the motion phantom by magnets inside the phantom.

Amplitude (P-P) 10 mm 20 mm 30 mm

Average signal 3106.25 3087.93 3084.24
StdDev 20.90 35.736 50.785
FIGURE 4 | The experimental setup for evaluation of signals according to the absence and presence of material between the sensor and magnet.
August 2021 | Volume 11 | Article 680147
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using a fitting parameter, the error was the minimum at 21.65
mm at 15 cm, and it was the maximum at 74.70 mm at 10 cm.
Periodic errors calculated using the peak value and fitting
parameter were 71.34 ms and 72.21 ms, respectively; the
difference in the periodic errors according to distance was <2 ms.

Signals According to Phantom’s
Position Change
Figure 8 shows the average signal measured for the stationary
state when the phantom position was displaced by 1 mm
increments and its errors. In Figure 8A, when the phantom’s
relative position was varied from -10 to 10 mm, the average value
of the signal increased with the increase in the relative position
value. Figure 8B shows the position errors at each location,
Frontiers in Oncology | www.frontiersin.org 7
which had a maximum of 95.28 mm at -5 mm and a minimum of
29.50 mm at 1 mm.

Signals According to the Absence and
Presence of Material Between the Sensor
and Magnet
Figure 9 shows the mean value and the error of measured signal
with and without solid water phantom between magnet and
sensor, and the difference between the two signals was shown
according to the amplitude of the motion phantom. The signal
differences according to the absence and presence of the
phantom between the magnet and sensor were 2.41%, 1.64%,
and 1.63% for 10, 20, and 30 mm amplitudes.
DISCUSSION

The respiratory training system we developed utilizes a wearable
patch-type sensor and a personal mobile device, enable for
patients to conduct respiratory training themselves without any
restriction for time and space. The present study evaluated the
basic performance of the sensor system and its clinical usability.

The sensor’s noise level was measured to be 0.54% of the signal
and 0.08% in the absence and presence of strong magnetic fields,
respectively. Additionally, in the analysis of the magnet’s influence
—existing in the motor inside the QUASAR phantom—on the
signal, the signal change due to the QUASAR’s movement was
0.673–1.643% of the signal. Dunn L et al. reported that a new
generation of QUASAR™ motion phantom accuracy is about
0.1 mm (13). The measurement errors included the error of the
sensor itself and the error of the motion itself implemented by the
motion phantom. Therefore, it is not significantly different from
the uncertainty caused by the motion phantom.

The monitoring accuracy of the system for amplitude and
period changes in the motion phantom with sinewave motions
were a mean amplitude and period errors of 78.87 um and 72 ms,
respectively. The up and down motion of the patient’s chest
surface due to respiration is approximately 1 cm (14). Regarding
A B C

FIGURE 6 | System’s amplitude and period error for the QUASAR Motion Phantom’s amplitude (P-P) and cycle: (A) Peak value analyzing amplitude error, (B) Fitting
parameter analyzing amplitude error, and (C) Peak value and fitting parameter analyzing period error.
FIGURE 7 | Amplitude errors for the distance between the sensor and
magnet according to the motion phantom moving in sinewave of 3 s periods
and of 10 mm amplitude (P-P); the errors from peak values (in blue and ■),
the errors from fitting parameter (in pink and ◆).
August 2021 | Volume 11 | Article 680147
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the amplitude monitoring accuracy, supposing respiration cycle
is divided into ten phases in four-dimensional computed
tomography (4DCT), our system was analyzed to have a <10%
resolution of the moving position per phase (about 1 mm), which
is considered to be clinically applicable. With respect to the
accuracy of period monitoring, assuming a patient’s respiratory
cycle is about 3 s (15), the system was analyzed to have an
accuracy of within 4%. The sensor error calculated based on the
measured data contains the position and time errors intrinsic to
the QUASAR motion phantom. According to the vendor-
provided information, the position and time accuracy of the
Frontiers in Oncology | www.frontiersin.org 8
phantom is 0.1 mm and 10 ms, respectively, which is comparable
to the system error obtained in this experiment.

The AAPM TG report 142 recommends for the temporal
accuracy of a phase <100 ms as tolerance for the respiratory
gating system’s annual quality assurance (QA) procedure (16).
Through the performance evaluation using Varian’s Respiratory
Gating for Scanners (RGSC; Varian Medical Systems, Palo Alto,
CA, USA) by Chengyu Shi, et al., the system’s amplitude
accuracy was recommended to be <2 mm and phase accuracy
to be <100 ms in periodic QA (17). Additionally, Fattorl et al.
reported amplitude and period discrepancies of 400 mm and
12.71 ms, respectively, from evaluating a real-time optical
tracking system using six markers (18). Compared to the
precision of commercial respiratory monitoring systems, our
MEMS-based system could be considered to have clinically
relevant precision.

Apart from the accuracy of respiratory movements, the
measurement of position accuracy in a stationary state showed
that the position error was a minimum of 29.50 mm and a
maximum of 95.28 mm for 1 mm displacement. Recently, the
breath-hold method was introduced in which a sleep apnea
therapy device, such as continuous positive airway pressure
(CPAP), is used to reduce irradiation on the heart and the lungs
by increasing pulmonary volume and the distance between the
heart and the planning target volume (PTV) (19). In this context,
the capability for precise localization can demonstrate the clinical
efficacy of the system that allows individuals to conduct breath-
hold respiratory training themselves.

The measurements were conducted to confirm the effect
of the distance between the magnet and sensor on the signals.
The error was the smallest for a distance of 15 cm, and the stable
A

B

FIGURE 8 | Measurement signal reflecting the phantom position change: (A) Average signal according to the sensor’s relative positions and (B) The sensor’s
position errors according to its relative position.
FIGURE 9 | Average measurement signal according to the type of materials
between the sensor and magnet (air in blue; solid water phantom in orange)
and the difference between the two average signals (in green and ◆)
expressed according to the amplitude (P-P) of the motion phantom.
August 2021 | Volume 11 | Article 680147

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Kang et al. Respiratory Self-Training System
signals can be obtained when the distance is 10-25 cm, which is
the thickness of the patient’s body. This system, which monitors
respiration by attaching a sensor to the patient’s chest and
magnet to the back, could be applied for patients whose body
thickness is over 30 cm by using a high strength magnet. In this
case, it is necessary to evaluate the sensor’s response to magnets
with different strengths before clinical application.

The experiments to confirm the effect of the presence or
absence of material between the sensor and the magnet on the
signal were conducted. The difference of the average signal was
1.89%, indicating that the difference is not substantial. Therefore,
if the material does not get magnetized between the sensor and
the magnet, its presence or absence would not affect the
respiratory signal, but the distance between the sensor and
magnet is essential.

Using this system, the patients can monitor their respiration
and do respiratory training anytime, anywhere because the
system does not require a separate space and is easy to control.
The demonstration video of healthy volunteer using the system
to monitor respiration was founded in the Supplementary
Material. In the following study, the system will be upgraded
to provide a guide for regular breathing or to provide a reference
point for deep inspiration breath-hold (DIBH) training.
CONCLUSION

In this study, the respiratory self-training system was developed
using a patch-type magnetic sensor with wireless communication
capabilities and evaluated its basic performance and clinical
applicability using the QUASAR™ Respiratory Motion
Phantom. The system is wearable, convenient to use, and
patients could use it without space and time constraints to
utilize respiratory monitoring and training with a suitable level
of precision. Our findings suggest that using the wearable
respiratory self-training system for radiation therapy could be
considered to provide precise respiratory gating. If the clinical
Frontiers in Oncology | www.frontiersin.org 9
efficacy of the system is evaluated in future clinical trials, this
system will benefit many patients in need of respiratory training.
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