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Abstract: Photoplethysmography (PPG) signal is usually acquired from a video image by using the
classic Joint Approximate Diagonalization of Eigenmatrices (JADE) algorithm, and the heart rate is
extracted from PPG signal using Fast Fourier Transform. However, the obtained value has larger
deviation with the actual heart rate value. To improve the accuracy of measured results, a new blind
source separation algorithm was proposed. The algorithm used diagonal cumulant to separate the PPG
signal, and took the Fast Fourier Transform to extract the heart rate. Experiments were carried out

by utilizing visible spectrum color video. Compared with the JADE algorithm, the results show that
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statistical parameter values of the absolute difference between heart rate values extracted from the
diagonal cumulant algorithm and the actual heart rate values are decreased. The mean value, standard
deviation, and root-mean-square deviation has reduced by 1. 46, 4. 98 and 4. 49, respectively. By
analytical form of the Bland-Altman graph, the floating range of diagonal cumulant algorithm reduces
more than twice as compared with the JADE method in a 95% confidence interval. It suggests that
diagonal cumulant algorithm provides higher estimated accuracy, and relies less on intensity of skin
and natural light. The calculation time can also be controlled less than 1 s after dramatically reducing
the iterations by adjusting the parameter values in diagonal cumulant algorithm, which meets the
demand of real-time electrocardiogram signal extraction.
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Fig. 1 Scenes of video recording
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Fig. 2 Results of face detection based on Viola-Jones

SR TE NG A 0 0 JE Al b R BB (518 &K L
YCbCr & 6,25 [a] , 3 35 %) B 4> 43 42 40 =X (D) PR
T B B R R R

Y>0. 31
Jo. 30<< Cb<<0. 50. (D
0.52<<Cr<<0. 68
RS H A JER 2 DX IR Sy 3 B o X



oM

FSEAE A AT DGR R O AR A R AR 2701

% — X e st 2 AE RGB A Wi BHHE B PPG 55
B G X 35

B3 R o DR ) 45 51

Fig. 3 Results of skin color detection
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Fig.4 R, G, B components of observed signals
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Fig. 5 Processing of blind source separation based on

JADE algorithm
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diagonal cumulant algorithm

Xof £ SR RRUIE SRV 14 43 5 T 4% Fh O )2 4 L, A
Bl 7 iR, i —J2 R HOC, By PCA M4, J5 —
JZ B AR BOR B i ST o L 2 A R R N
MhSr B BN, U Sk AR WAL R
Bk B Y 1E 22 6 ML L i B=WU, B Bl b4y B
i

2 wo

a1
Bl 7 ZJRaEmg

Fig.7 Separated network with two layers
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Tab. 2 Parameter values and calculation time of diagonal

cumulant algorithm
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