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Fig. 1. Equipment of respiratory signal :
respiratory gating system, (c) Turbine type spirometer.

Table 1. Cases of irregular respiratory signal.

Case No. Irregular respiratory signal type (Description)

Normal breathing +Swallow

Normal breathing +Sigh

Normal breathing+Cough

Breathing heavily type 1

Breathing heavily type 2

Normal breathing +Breathing heavily
Normal breathing+Fast period
Normal breathing+Long period

Fast period (Signal drift)

10 Long period
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Fig. 2, A screen-shot of the developed in-house program is
shown, which enables user-friendly interface to analysis the
respiratory signal. : @ sensor type and file location, @ selection
of peak widow width, ® buttons of processing, @ original
respiratory signal, ® detection of peaks, ©® Dbaseline of
respiratory signal, @ phase assignments.
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| Calculation of baseline |
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—| Removed

<20%

Fig. 3. Schematic diagram of in-house respiratory signal
analysis program.
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Fig, 4, Peaks were removed if the difference between baseline
and original signal was less than 20% of previous mean
amplitude.

Case 3 (Normal breathing +cough)
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Fig. 5. Two volunteers’ respiratory traces were processed for phase assignments using the previous gradient method (left) and the
proposed baseline method (right). Respiratory signals are drawn by white lines with peaks marked as red and green dots, and the
baselines are overlaid with red dashed lines in the right figures. Corresponding phase results are drawn below the respiratory
traces which were assigned linearly based on successive peak locations. The baseline method excludes irregular peaks for correct
phase assignments while the irregular peaks remained with the gradient method resulting in complicated phases.
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Table 2. Mean & standard deviation of respiration signals’
period with baseline method and gradient method.

Baseline method (Period) Gradient method (Period)

Case No.

Standard Standard
Mean L. Mean ..

deviation deviation
Case 1 9.34 1.69 6.59 2.89
Case 2 6.77 1.26 511 152
Case 3 6.27 1.3 5.00 2.39
Case 4 523 0.77 3.75 1.69
Case 5 7.21 1.10 5.02 2.40
Case 6 5.65 0.45 342 1.87
Case 7 5.92 243 5.73 194
Case 8 8.58 3.02 8.58 3.02
Case 9 3.04 1.07 273 0.21
Case 10 9.61 1.03 9.61 1.03
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Development of Respiratory Signal Analysis Program for
Accurate Phase Reassignment in 4D CT Reconstruction

Hae-Jin Park*, Won-Gyun Jung*, Jai-Woong Yoon*, Ju-Young SongT, Tae-Suk Suh*

*Department of Biomedical Engineering, The Catholic University of Korea, Seoul,
TDepartment of Radiation Oncology, The Chonnam National University Medical School, Gwangju, Korea

Patient's respiration can have an effect on movement of tumor range and peripheral organs. Therefore, the
respiratory signal was acquired by relation between external markers and movement of patient's abdomen during
radiational therapy in order to minimize the effect of respiration. Based on this technique, many studies of rational
therapy to irradiate at particular part of stable respiratory signals have executed and they have been clinically
applied. Nevertheless, the phase—based method is preferred to the amplitude—based method for the rational
therapy related to respiration. Because stabilization of the respiratory signal are limited. In this study, a in—house
respiratory signal analysis program was developed for the phase reassignment and the analysis of the irregular
respiratory signals. Various irregular respiratory patterns was obtained from clinical experimental volunteers. After
then, the in—house program analyzed the factors affecting to phase assignment which is directly related to
irradiated sector. Subsequently, accuracy of phase assignment was improved with removement of irregular signals
by self-developed algorithm. This study is considered to be useful for not only image reconstruction and elevation
of irradiating accuracy through phase assignment of RPM system but also analysis of respiratory signals.
Moreover, development of 4D CT image is planed with phantom researches or clinical experiments based on

this program.

Key Words: Respiratory gated radiotherapy, Phase—based gating, Four—dimensional CT simulation
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