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Fig. 1. Schematic diagram of the simulating phantom: Signal
from the thermocouple in the mask is amplified and converted
to digital signal. The computer analyzes it and control the
simulating phantom. The phantom is designed to simulate the
respiration induced target motion. The phantom motion is
verified using the RPM".
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Fig. 2. Program developed to measure the respiration and
control the phantom: Control panel is on the left side of the
window. The program is designed to control the simulating
phantom and to be used for gated radiation therapy. When the
signals from the thermocouple is transferred to the computer, the
program generates the digital signal to control the servo motor
in the phantom in real-time. The level of gating bar under the
respiratory curve is adjustable for the gated radiation therapy.
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Fig. 4. (A) Comparison of respiratory curves measured by the respiration monitoring mask and the organ motion observed by
fluoroscope for case 2. (B) The relationship between the respiration and the organ motion.
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Fig. 5. (A) Comparison of respiratory curves measured by the respiration monitoring mask and the phantom motion measure by RPM
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for case 3. (B) The relationship between the respiration and the phantom motion shows strong correlation.

Table 1. Comparing Respiration and Phantom Motion for 3
Cases
Relative error* (% of motion range)
Organ motion Skin motion =~ Phantom
Case (fluoroscope) (RPM®) motion
vs ReMM vs ReMM  vs ReMM
1 8.09 8.89 7.54
2 10.32 8.30 9.05
3 10.62 8.40 8.96
Average 9.68 8.53 8.52

Standard deviation of discrepancy between two signals

*Relative error =
Amplitude of organ motion
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Abstract

Study of Respiration Simulating Phantom using Thermocouple-based
Respiration Monitoring Mask

Sangwook Lim, M.S.*" Seung Do Ahn, M.D.*, Sung Ho Park, Ph.D.*, Byong Yong Yi, Ph.D.F,
Sang Hoon Lee, M.S.", Sam Ju Cho, M.S.", Hyun Do Huh, M.S.", Seong Soo Shin, M.D.*,
Jong Hoon Kim, M.D.*, Sang-wook Lee, M.D.*, Soo Il Kwon, Ph.D." and Eun Kyung Choi, M.D.*

*Department of Radiation Oncology, College of Medicine, University of Ulsan, Seoul, Korea, ' Department of
Medical Physics, Kyonggi University, Seoul, Korea, i Department of Radiation Oncology,
University of Maryland School of Medicine, Maryland, USA

Purpose: To develop the respiration simulating phantom with thermocouple for evaluating 4D radiotherapy such
as gated radiotherapy, breathing control radiotherapy and dynamic tumor tracking radiotherapy.
Materials and Methods: The respiration monitoring mask (ReMM) with thermocouple was developed to
monitor the patient's irregular respiration. The signal from ReMM controls the simulating phantom as organ
motion of patients in real-time. The organ and the phantom motion were compared with its respiratory curves
to evaluate the simulating phantom. ReMM was used to measure patients’ respiration, and the movement of
simulating phantom was measured by using RPM®. The fluoroscope was used to monitor the patient's
diaphragm motion.

Results: Comparing with the curves of respiration measured by thermocouple and those of the organ motion
measured by fluoroscope and RPM, the standard deviations between the curves were 9.68% and 8.53%
relative to the organ motion, respectively. The standard deviation of discrepancy between the respiratory curve
and the organ motion was 8.52% of motion range.

Conclusion: Patients felt comfortable with ReMM. The relationship between the signal from ReMM and the
organ motion shows strong correlation. The phantom simulates the organ motion in real-time according to the
respiratory signal from the ReMM. It is expected that the simulating phantom with ReMM could be used to
verify the 4D radiotherapy.

Key Words: Respiration monitoring mask (ReMM), 4D radiotherapy, Respiration simulating phantom
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