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An algorithm based on video signals of pulse waves on the finger tip for stable detection of heart

rates

CHENG Min, CHEN Zhaoxue
School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Objective To propose a pulse wave-based algorithm that can detect the heart rates stably. Methods A fast independent
component analysis (FastICA) algorithm is proposed to process the video signals of pulse waves on the finger tip. Firstly, the
video of the finger was obtained by cell phone camera; and the region of interest was extracted in each frame of the picture; and
the curve of the blood volume changing with time was obtained by investigating the variation of pixel gray values of each frame
image. Then, RGB channel segregation and FastICA were conducted on regions of interest. The correlative analysis was performed
on R, G channel signals and the estimated signals after blind source separation. The most relevant signals were adopted to obtain
heart rates which were then compared with the heart rates measured by wave peak detection. Finally, an algorithm for stably
detecting heart rates was obtained, and SPSS Software was utilized for correlation analysis. Results The consistency of the R
and G channel signals was higher than 95%. Moreover, the agreement between the algorithm and the wave peak detection was
higher than 95%. Conclusion FastICA algorithm can effectively improve the stability of heart rate measurement. The experimental
results verify the feasibility and effectiveness of the proposed method which is of great significance for the acquisition of human
physiological parameters based on the pulse waves.
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Fig.1 Selection of region of interest
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Fig.3 Normalized signals of experimenter 5 after independent component analysis (ICA) processing and the corresponding spectra
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Fig.4 Normalized original signals and ICA processed signals of experimenter 5 and the corresponding spectra
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d: G channel signals after ICA processing and the corresponding spectra
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Fig.5 Normalized original signals and ICA processed signals of experimenter 6 and the corresponding spectra

TASME O K, B (R 1.272 Hz, RO
1.272x60~76(/min) . X AR (E 55 ICA 4 HE
Je WA ST A S L, v LB S 55 R EAR
KUFIT , FastICA GRS .00 I (E T NS, T4
SOy SRAGHI ()RS R 1 o

SEEG I HABZE AR 1 s . 346, AR5t
THEAARE S 5 RO G 3 38 AR ST 4 190 R AH
VRN — U Bk, 25 R NER 2 FR 3 i . H:
o B R 22 TT B X LR R I - —JE R S PR o A
WS 2 UG AT Bk SN B RO AT, N ARk L3555
IASERAR, aniatas o 3 (I B 25 21 — R e i (e e
5 ) T AR AT G o

2 TR A F LRGSR I R (G aliE(F 5
1) —B0ME LA AR SO 5 G A R Z ) —
bk, ASCR I SPSS B BE HEA T AR S E S0 AT, 45
RINFA~F TR, B REGERW, BEIR (G
WIS 1 —BUETE 95% LA |, A SCHE s 5 50 kv
AR A — B AE 95% L) b I, fEA 5256
o PEEUR G I A Y T LS ER A A RO, A S
T H RS T DLz ) H ORI

R1 BRI ELFEEMTIRENELSR
Tab.1 Measurement of correlation independent components

after Fourier transform

Heart rate/bpm
Experimenter
R channel G channel Average

1 69 69 69.0

2 73 73 73.0

3 57 57 57.0

4 63 60 61.5

5 76 76 76.0

6 69 69 69.0
34 ik
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Tab.2 Measurement of original signal by wave peak detection

Tab.3 Measurement of correlated independent components by

wave peak detection

*4 RIER.GEEESHITRIEERXMENTER

Tab.4 Correlation analysis of R and G channel signals obtained by wave peak detection

R channel signals obtained by

. Pearson correlation coefficient 1.000 1.000*
wave peak detection
Significant (bilateral) 0.000
n 6

6

*. The correlation was significant at the 0.05 level (bilateral).

#5 R.GIBEZICA FHXMESTER
Tab.5 Correlation analysis of R and G channel signals after ICA

R channel signals after ICA Pearson correlation coefficient 1.000 0.988**

Significant (bilateral) 0.000

*#: The correlation was significant at the 0.01 level (bilateral).
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Tab.6 Correlation analysis of correlation independent components related to R and G channels by wave peak detection

Correlation independent Correlation independent

component related to R channel ~ component related to G channel

Correlation independent component . .
Pearson correlation coefficient
related to R channel

Significant (bilateral)
n

Correlation independent component . .
Pearson correlation coefficient
related to G channel

Significant (bilateral)

n

1.000 0.985%*
0.000
6 6
0.985%* 1.000
0.000
6 6

**: The correlation was significant at the 0.01 level (bilateral).

7 BT FastICA BIRS Gt RIEEEX M DI ER

Tab.7 Correlation analysis of FastICA algorithm and wave peak detection

FastICA algorithm Wave peak detection
FastICA algorithm Pearson correlation coefficient 1.000 0.974%*
Significant (bilateral) 0.001
n 6 6
Wave peak detection Pearson correlation coefficient 0.974%* 1.000
Significant (bilateral) 0.001
n 6 6

**: The correlation was significant at the 0.01 level (bilateral).
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