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Measurement of Heart Rate Based on Ballistocardiography

Kong Lingqin', Wu Yuheng', Pang Zongguang®, Zhao Yuejin'*, Dong Liquan',
Liu Ming', Hui Mei', Wang Weijie', Guo Ying', Wang Xiatian'
'Beijing Key Laboratory for Precision Optoelectronic Measurement Instrument and Technology,
School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China ;
*North Information Control Research Academy Group Co. , Ltd. , Nanjing, 211153, China

Abstract Non-contact ballistocardiography (BCG) is used to measure heart rate (HR) by measuring the periodic
pressure of blood on the walls of blood vessels during circulation. This pressure causes the periodic weak mechanical
movement of various parts of the body, including the head, which is very weak, and the BCG signal extracted from
the body movement has a low signal-to-noise ratio, which limits the measurement accuracy of the heart rate. An
optical lever is used to amplify the head motion, and a non-contact high precision heart rate detection algorithm
named optical lever amplified BCG algorithm (OLA-BCG) is proposed. In the proposed method, a laser is used as
the active light source. A plane mirror attached to the head is used to amplify the head motion. At the same time,
the weighted centroid tracking algorithm is used to extract the motion trajectory of the head, and the interference
noise is filtered out by independent component analysis to obtain BCG signal. Finally, the extracted BCG signal is
analyzed and the heart rate is calculated. Experimental results show that the proposed OLA-BCG can effectively
improve the signal-to-noise ratio and measurement accuracy.
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Summary of evaluation indicators

Table 1

W25/, OLA-BCG 7 14 15 W LL A0 AH ¢ R By
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Indicator

Description

Calculation formula

M can_difference

S d_difference
E RMS

P max_difference

r Pearson correlation coefficient between H, yyp and H, peo

RS\I

Mean error of heart rate difference

Standard deviation of heart rate difference

Root-mean-square error of heart rate difference

Maximum value of heart rate difference

Ratio of power of main pulsatile component

and power of background noise

[29]
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max( | H, erence |

r=corr(H, pvp»H, ncc)

JZ yHdf

Rw = +

B,)
J Ty (Hdf—
Bl

J'iju‘)df

%2

AN J5 1 W VA 16 bR e i

Table 2 Evaluation index statistics of different methods

Evaluation index Method in Ref.[11] Method in Ref.[12] Method in Ref.[17] OLA-BCG

M can_dgitterence / (beat*min™") 2.58 1.5 0.79 —0.67
S i ditterence / (beatemin™ ') 2.71 3.35 3.10 2.15
Egus/ (beat*min™") 3.66 3.56 3.12 2.22
M i snr/dB —5.45 —9.42 —7.83 1.70

P s ditference / (beatemin ™ ') 6 5 5 4
r 0.71 0.49 0.89 0.88
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Table 3 Improvement of different evaluation indexes
Method AM o ditierence / 0 AS 4 ditierence / 6 AE jus/ % AM o sxr/dB AP oy diticrence / Y6 Ar /%
Method in Ref.[11] 74.03 20.66 39.34 7.15 33.34 23.94
Method in Ref.[12] 55.33 35.82 37.64 11.12 20.00 79.59
Method in Ref.[17] 15.19 30.65 28.85 9.53 20.00 —1.12
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