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RESULTS

ABSTRACT INTRODUCTION

Purpose: Deep inspiration breath Respiratory motion remains a major source of geometric uncertainty in thoracic Table 1 summarizes the overall tidal-volume estimation performance across all test subjects

hold (DIBH) can reduce organ-at-risk and abdominal radiotherapy. In deep inspiration breath hold (DIBH), lung for different models. The proposed model achieved the best overall performance, with RMSE =

dose in thoracic and abdominal expansion can increase the separation between the heart and chest wall, thereby 0.141 L, MAE = 0.098 L, R* =0.926, and Corr = 0.967. Compared with the baseline time-series

radiotherapy, but clinical use requires reducing cardiac and pulmonary dose. However, the clinical benefit of DIBH models, the proposed framework substantially reduced prediction error and improved

accurate, real-time, and low-burden depends on stable breath-hold execution, reproducible respiratory state control, temporal agreement with the ABC-derived reference signal.

monitoring of breath-hold stability and reliable real-time monitoring. As shown in Fig. 3, the proposed model closely followed the ABC ground-truth tidal-volume

and tidal volume. Current respiratory monitoring approaches have important practical limitations. signal during both normal breathing and DIBH. During the breath-hold phase, the proposed
The Active Breathing Coordinator (ABC) system can provide tidal-volume model maintained a stable tidal-volume plateau, whereas baseline model predictions showed

Methods: We developed a information, but it requires a mouthpiece and nose clip and may increase patient larger fluctuations or drift. These results indicate that state-aware modeling and steady-state

contactless tidal-volume estimation burden. Pressure-belt systems require direct contact with the thoracoabdominal constraints improved prediction stability during the quasi-steady breath-hold state.

framework using a depth camera to surface and are sensitive to placement and tightness. Surface-guided radiotherapy Phase-specific analysis further showed comparable performance during breath hold and

capture three-dimensional can monitor external surface position, but quantitative estimation of tidal volume normal breathing, with MAE/MAPE of 0.1059 L/17.27% and 0.0967 L/16.68%, respectively. The

thoracoabdominal surface motion. A from three-dimensional surface deformation remains challenging, especially GPU-side algorithmic latency was 12.55 ms per frame, supporting real-time respiratory

state-aware, surrogate-guided across alternating free-breathing and breath-hold phases. monitoring.

TSMixer model was designed with Therefore, this study developed a depth-camera-based, contactless respiratory-

dynamic state gating, steady-state volume monitoring framework that converts thoracoabdominal surface motion ] M ﬁ e model RMSE(L) MAE(L) R2
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volume signals were collected from As shown in Flg 1, synch ronized respiratory data were acquired using an Intel 35 /\ /\ H Q:;JW\] /,1 /r,\ fl\ [’\ /w ,' f‘—“i 9 ‘“l| r iﬂ r”“*""““. J' MICN([30] 0.357 + 0.118 0.268 + 0.067  0.609 +0.239  0.828 + 0.099
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subject-independent leave-one- system during free breathing and DIBH. The depth camera captured three- ) J :0“ JH“ _:U \ %“ ] 141+ 0055 00980031 092650070 0967 0027
subject-out cross-validation. dimensional thoracoabdominal surface motion, while the ABC-derived tidal- e o nee S
volume signal served as the reference for model development, subject-specific ~ Fig. 3. Representative time-series comparison of tidal Table 1. Overall tidal-volume estimation
Results: The predicted tidal volume calibration, and performance evaluation. This prospective model-development VOlum,e b,Etween,the ABC ground trUth and model performance across all test subjects for diferent
strongly correlated with the ABC and pilot internal-validation study included 22 volunteers and yielded 347,963 predictions during normal breathing and DIBH. models.
reference signal (pooled r = 0.968), valid frames. CONCLUS|ONS
with an overall MAE of 0.098 L. Depth sequences were alighed, cropped to a fixed thoracoabdominal ROI,
Phase-specific MAE was 0.1059 L temporally synchronized with ABC signals, and converted into a surface-based This study demonstrates the feasibility of contactless tidal-volume estimation during DIBH
during breath hold and 0.0967 L volumetric respiratory surrogate. As shown in Fig. 2, this surrogate was used as using depth-camera-derived thoracoabdominal surface motion.
during normal breathing. GPU-side the input to a state-aware, surrogate-guided TSMixer architecture for tidal- The proposed state-aware, surrogate-guided TSMixer framework achieved high agreement
latency was 12.55 ms per frame. volume estimation. The model incorporated dynamic state gating, steady-state with ABC-derived reference tidal volume while maintaining stable prediction during both
anchor modeling, subject-specific calibration, and adaptive baseline correction to normal breathing and breath-hold phases.
Conclusion: The proposed framework improve prediction stability across free-breathing and breath-hold phases. By integrating dynamic state gating, steady-state anchoring, subject-specific calibration, and
enables stable, contactless tidal- Performance was evaluated using subject-independent leave-one-subject-out adaptive baseline correction, the framework reduced breath-hold drift and improved
volume estimation and real-time cross-validation. For each held-out subject, the first 20% of the recording was prediction stability.
visual feedback for DIBH-guided used for lightweight subject-specific calibration, and the remaining 80% was used The low GPU-side latency supports real-time respiratory monitoring and visual feedback,
radiotherapy. for testing. suggesting potential value as a low-burden complement to DIBH and surface-guided
— __ radiotherapy workflows.
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respiratory signals alternate between dynamic free-breathing phases and quasi-steady breath-

; hold phases, explicit respiratory-state modeling is important for stable volume estimation.

- e -~ ky The representative time-series results indicate that the proposed framework maintained a
- stable tidal-volume plateau during breath hold, whereas baseline models showed larger
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