
JOURNAL OF LATEX CLASS FILES, VOL. 18, NO. 9, SEPTEMBER 2020 1

Generalizable Remote Physiological Measurement
via Semantic-Sheltered Alignment and Plausible

Style Randomization
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Abstract—Remote photoplethysmography (rPPG) is a non-
invasive technique that measures blood volume changes in the
skin using a camera and light source. Achieving accurate mea-
surements relies on the generalization of models across different
individuals and environmental conditions. However, most domain
generalization methods are designed for classification tasks rather
than regression tasks, which is a suboptimal solution for the rPPG
task. In this work, we propose a novel Dual-stream Generaliza-
tion framework (DG-rPPG), which consists of Semantic-Sheltered
Alignment (SSA) and Plausible Attribute Randomization (PAR).
Specifically, SSA can extract and align domain-agnostic features
from different datasets while maximumly preserving semantic
information. PAR can enrich the attribute-related feature of each
instance based on the statistical information of all the different
domains while ensuring that the augmented features maintain
plausibility. The heart rate and heart rate estimation evaluation
with cross-domain protocol across five public datasets illustrated
that our proposal significantly (p-value<0.05) outperforms all
baselines (e.g., compared to DOHA, DG-rPPG achieves 9.25%
and 8.19% improvement on MAE when UBFC and BUAA
are target domain). Meanwhile, based on the intra-dataset,
computation cost, as well as out-of-distribution assessment, DG-
rPPG presents the leading performance in out-of-distribution
generalization while maintaining relatively good performance in
in-distribution estimation, and reasonable computational costs.
This provides a foundation for real-time monitoring deployments
in real environments. The code will be released later.

Index Terms—Heart rate estimation, remote photoplethysmog-
raphy (rPPG), domain generalization, invariant risk minimiza-
tion, and plausible style generation.

I. INTRODUCTION

Physiological indicators, including heart rate (HR), respi-
ratory rate (RF), and heart rate variability (HRV), are critical
body measures used to assess vital signs and track sympathetic
nervous system activation levels [1]. Traditional methods of
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recording physiological signals (e.g., ECG, PPG) require elec-
tronic or optical sensors in direct contact with the body, which
are intrusive and can cause discomfort for people with sensi-
tive skin [2]. In recent years, remote photoplethysmography
(rPPG) has been used to extract blood volume pulse (BVP)
signals from facial videos recorded using standard cameras
and applied in a diverse range of fields [3]. The fundamental
principle is analyzing the periodic changes in skin tone caused
by the absorption of light in time with each heartbeat [4]. Other
important indicators (e.g., HR, HRV) can be calculated from
BVP signals [5].

Traditional approaches primarily focused on blind signal
decomposition [6], [7] or color space transformation [8], [9]
with manually specified temporal frequency band or assump-
tions on changes in illumination. These methods are limited
by the non-ideal Lambertian nature of the human face and
differences in spectral reflectance between the skin and back-
ground. Recently, numerous deep learning (DL) technologies
have achieved promising results in complex environments
[10], [11], [12], [13]. Due to the low peak signal-to-noise
ratio (PSNR) of BVP signals in facial videos, DL methods
commonly employ preprocessing techniques such as com-
puting a spatiotemporal map (STMap) [12] or difference of
frames (DOF) [14] to extract useful information before passing
it through convolutional neural networks (CNNs) to learn
informative features for physiological signals.

Although DL methods have shown remarkable performance,
their effectiveness is limited in real-world scenarios. The pri-
mary reason is that most training data is collected in laboratory
environments lacking sufficient disparities. Models trained on
such dataset may fail to generalize well to unseen testing
samples due to domain shift. To improve model performance
on unseen domains, domain generalization (DG) techniques
are widely used. A common method of domain generalization
is to extract domain-agnostic features using multiple data to
improve the generalization performance [15], [16], [17], [18].
Recently, some studies have proved that the generalization
ability of the model can be further improved by the use of
the domain-specific features [19], [20].

However, there are two obstacles to prevent its adaptation to
rPPG measurement. First, most DG methods are restricted to
classification tasks, whose discrete label space makes it easier
to distinguish semantic boundaries and further alignment. As
a regression task, rPPG measurement is with a continuous
and hard-to-separate semantic feature space, and the label
distribution shift between different datasets (as shown in




