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Deep Learning-based Real-time Heart Rate Measurement
System Using Mobile Facial Videos
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ABSTRACT

Since most biosignals rely on contact-based measurement, there is still a problem in that it is hard

to provide convenience to users by applying them to daily life. In this paper, we present a mobile application

for estimating heart rate based on a deep learning model. The proposed application measures heart rate
by capturing real-time face images in a non—contact manner. We trained a three-dimensional convolutional
neural network to predict photoplethysmography (PPG) from face images. The face images used for

training were taken in various movements and situations. To evaluate the performance of the proposed

system, we used a pulse oximeter to measure a ground truth PPG. As a result, the deviation of the
calculated root means square error between the heart rate from remote PPG measured by the proposed
system and the heart rate from the ground truth was about 1.14, showing no significant difference. Our
findings suggest that heart rate measurement by mobile applications is accurate enough to help manage

health during daily life.

Key words: Remote Photoplethysmography, Heart Rate, Deep Learning, Mobile Application, Healthcare

system
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Fig. 1. Flowchart for deep learning—based mobile application system, (a) Model training and exportation for deploy—

ment to the smartphone and (b) Inference on the smartphone in real—time using the trained model,
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Fig. 2. Architecture of the PhysNet—3DCNN,
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Table 1, Comparison of HR measurement between rPPG
(proposed) and PPG(groundtruth),

.. Mean HR | Min [Max
Condition | Method (std) HR HR
. 89.97
. rPPG (7.87) 73 108
Baseline 8277
PPG (8.83) 67 100
90.16
rPPG 9.14) 71 108
M1 81.94
PPG (9.96) 64 98
. 87.06
rPPG (1043) 67 111
M2 83.16
PPG 9.02) 68 99
89.61
rPPG (9.82) 74 104
2 81.13
PPG (8.00) 68 98
115
110
105
100 . ® o.®
E " P a & Makeup
:‘2_ ii - . N . ® No Makeup
T v "". & * A: A

HR from rPPG

Fig. 6. Distribution of HR estimates with and without
makeup.
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Table 2, Evaluation under different noisy conditions: cor—
relation coefficient and Root Mean Square Error
(RMSE) between HR from rPPG and PPG,

Makeup Mi(;up IALL

Baseline 0.16 0.71 0.46

Correlation M1 0.12 0.53 0.23
Coefficient | M2 -0.38 0.53 0.22
L1 0.05 0.33 0.30

Baseline | 15.38 7.73 11.31
RMSE M1 19.53 9.08 14.08
M2 16.36 9.99 12.84

L1 14.12 12.36 13.07
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