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Robust Extraction of Heartbeat Signals from Mobile Facial Videos
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Abstract This paper proposes an improved heartbeat signal extraction method for ballistocardiography(BCG)-based heart-rate
measurement on mobile environment. First, from a mobile facial video, a handshake-free head motion signal is extracted by tracking
facial features and background features at the same time. Then, a novel signal periodicity computation method is proposed to accurately
separate out the heartbeat signal from the head motion signal. The proposed method could robustly extract heartbeat signals from mobile

facial videos, and enabled more accurate heart rate measurement (measurement errors were reduced by 3-4 bpm) compared to the
existing method.
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Fig. 1. Locations of facial and background features used in
[11]. The red circles inside two upper corner regions
represent the background features. The white circles inside
the central facial region represent the facial features
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Fig. 2. Process flow of BCG-based heart rate estimation
using mobile facial videos
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Table 1. Mean and errors of heart rates in bpm estimated by
different methods when a subject was at rest. The
values on the right side of /' symbol represent the
errors

Day Day Night
Ll indoor | outdoor | indoor
Ground truth| 68.0 68.7 68.8 68.5
[10]'s 60.2/11.0 | 61.0/7.7 | 62.0/88 | 61.7/9.1
[11]s 56.6/13.8 | 61.4/6.3 | 60.5/9.7 | 59.5/9.9
Proposed | 60.7/7.3 | 65.3/4.1 | 61.3/8.3 | 62.4/6.6

Mean

Table 2. Mean and errors of heart rates in bpm estimated by
different methods when a subject did light exercise.
The values on the right side of /' symbol represent
the errors

Day Day Night
indoor | outdoor | indoor
Ground truth 815 84.3 82.0 82.6
[10's 77.3/89 | 75.6/9.4 | 737/96 | 75.5/9.3
[11]'s 72.7/115| 75.2/9.6 | 73.5/10.3|73.8/10.5
Proposed | 76.9/5.1 | 91.7/70 | 77.1/6.3 | 81.9/6.1

Method Mean

Table 3. Mean and errors of heart rates in bpm estimated by
different methods when a subject did strenuous
exercise. The values on the right side of /" symbol
represent the errors

Day Day Night
indoor | outdoor | indoor
Ground truth| 101.7 103.2 102.8 102.6
[10]'s 90.9/11.4 | 111.6/9.6 | 92.1/10.0 | 98.2/10.3
[11]'s 89.7/13.6 | 93.5/10.1 |104.3/10.4| 95.8/11.4
Proposed | 98.4/6.8 | 108.1/7.4 | 95.9/8.1 | 100.8/7.4

Method Mean

Table 4. Mean errors of heart rates in bpm estimated by
different methods

Heart rates (Ground truth)

59 65 73 86 95 101
[10]'s 956 | 9.73 | 899 | 950 | 827 | 10.10
[11]s 891 | 918 | 9.75 | 10.50 | 990 | 11.03

Proposed| 528 | 566 | 6.29 | 6.36 | 6.72 | 6.99

Method
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