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Dual-branch spatiotemporal disentanglement and reconstruction for
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Abstract: Remote photoplethysmography (rPPG) can recover pulse-related physiological signals from facial videos captured by ordinary
cameras. However, the cardiac-induced color variations are extremely subtle and are easily corrupted by head motion, pose variation,
illumination fluctuation, shadow occlusion, and imaging noise. Most existing deep learning methods formulate TPPG estimation as an
end-to-end regression problem, but they usually lack explicit modeling of the generation mechanisms of pulse and noise components,
making the intermediate representations difficult to interpret. To address this problem, this paper proposes PNRNet, a physics-guided
dual-branch spatiotemporal disentanglement and reconstruction network for robust rPPG. The proposed method models facial RGB
temporal variations as a superposition of physiological pulse components and non-physiological noise components. Two independent 3D
convolutional branches are used to learn pulse-related and interference-related dynamics, and a feature orthogonality constraint is
introduced to reduce redundant coupling between the two latent representations. Inspired by the dichromatic reflection model, an RGB

temporal reconstruction module projects the predicted pulse and noise signals back to the RGB observation domain, enabling the network
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to be jointly supervised by reference PPG waveforms and video-domain reconstruction. Experimental results show that PNRNet achieves
MAE of 3.02, 1. 18, and 1. 78 bpm on the iBVP, UBFC-rPPG, and PURE datasets, respectively, with an 8. 8% MAE reduction over

the best competing method on iBVP. These results indicate that the proposed pulse-noise disentanglement and RGB observation-domain

reconstruction mechanism helps improve the robustness and interpretability of rPPG models under complex interference conditions.

Keywords : remote photoplethysmography; physics-guided neural modeling; pulse-noise disentanglement; RGB signal reconstruction;

spatiotemporal feature disentanglement
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Fig.2  Orthogonality-based feature disentanglement
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JAMSNet[ 2] 10. 07 0.95 1.44
PhysNet' '] 9. 66 1.33 1.82
GLISNet %! 7.12 1.59 3.08
AL 10. 61 1.18 1.64

&3 PURE HE& EMEERLILER
Table 3 Quantitative comparison on PURE

ik SNR/dB 1 MAE/bpm | RMSE/bpm |
pos! o] 4.71 2.87 6.35
CHROM'"! 3.25 3.38 9.20
JAMSNet- 6.27 1.46 3.75
PhysNet' "] 6.33 1.92 3.63
GLISNet 2 5.51 1.77 4.30
AL 6.55 1.78 2.70
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Table 5 Quantitative comparison on iBVP—PURE

Fik SNR/dB 1 MAE/bpm | RMSE/bpm |
PhysNet! '] -2.87 21. 84 25.04
GLISNet %! -3.74 15. 66 19. 82

AL -0.74 6.15 7.36

% 6 PURE—-UBFC-rPPG E#iRE FHES R
Table 6 Quantitative comparison on PURE—UBFC-rPPG

WIRZA SNR/dB 1 MAE/bpm | RMSE/bpm |
PhysNet' "] -4.79 16. 62 20. 85
GLISNet'?! -2.24 10.73 16. 51

AL -1.14 7.53 10. 31
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Table 7 Ablation results on iBVP

kS SNR/dB 1 MAE/bpm | RMSE/bpm |
w/0 Orth. 5.14 3.03 6. 41
w/o Rec. 5.00 3.31 6.98
w/0 MCC 5.06 3.35 7.00

A3 5.44 3.02 6.39

# 8 UBFC-rPPG ##5% FAYH RIS
Table 8 Ablation results on UBFC-rPPG

Table 4 Quantitative comparison on UBFC-rPPG—iBVP FH SNR/dB 1 MAE/bpm | RMSE/bpm |
J5ik SNR/dB 1 MAE/bpm | RMSE/bpm | w/0 Orth. 9.94 1.35 2.05

PhysNet' "] 0.34 9.17 14.53 w/0 Rec. 9.92 1.35 2. 04

GLISNet 2 -4.23 26. 52 34.62 w/0 MCC 9.87 1.34 2.01
L' 2.38 4.24 9.94 AR 3C 10. 61 1.18 1. 64
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Table 9 Ablation results on PURE

7k SNR/dB 1 MAE/bpm | RMSE/bpm |
w/0 Orth. 5.57 3.42 7.76
w/0 Rec. 6.33 1.92 3.62
w/0 MCC 5.62 3.67 7.56

AL 6.55 1.78 2.70
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Fig.5 Waveform comparison of predicted rPPG signals, ground-truth PPG signals, and noise branch outputs across different methods
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