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Respiration monitoring system based on photolethysmography

CHEN Zhencheng', SONG Hao’, ZHU Jianming', LIANG Yongbo'
1. School of Life and Environmental Sciences, Guilin University of Electronic Technology, Guilin 541004, China; 2. School of
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Abstract: The physical characteristics of the photoplethysmography (PPG) pulse waves of human fingers are investigated in this
study and a hardware circuit is designed based on Lambert's law to realize the non-invasive acquisition of human PPG pulse waves.
After the collected PPG pulse wave signals are filtered and amplified, the complete pulse wave signals are identified through
feature selection and extraction. Subsequently, the obtained pulse wave signals are processed with empirical mode decomposition,
and an eigenmode function with an appropriate frequency is adopted to reconstruct the respiratory wave signals to be measured
and display the signals on the screen. Meanwhile, the respiratory signals of the human body are collected with PM-9000 Express
patient monitor (Mindray). The data of 10 volunteers are also collected with the system. The spectral analysis between the
respiratory wave signals obtained by the proposed system and the signals measured by the patient monitor and the analysis of
the related parameters showed that the two kinds of respiratory waves have a good correlation. The final result of this study reveals
that using empirical mode decomposition to extract the respiratory signals contained in the PPG pulse waves of human fingers
is proved to be accurate and feasible. The proposed method can be used to extract respiratory signals from PPG pulse waves.
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Fig.1 Block diagram of signal acquisition system
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Tab.1 Las Vegas wrapper algorithm

A AR D=(x, X2, ..o, X,)
FRAESE 4
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1 WG IR S B=oo  JFIES UL IE d=|ALA =A% 11551 =0

2 :while t<T do

3: BEDL BRI TEE A

4: d=A"|

5: E’=CrossValidation({(D"))

6: if(E'<E)V((E'=E)/\(d’<d)) then
7: t=0,E=E",d=d",A*=A"

8: else

9: t=t+1

10: end if

11:end while
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Fig.3 IMF components after empirical mode decomposition
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Fig.4 Signal comparison

B {5 S s
200 T T T

150 B
100 - B
50 B

0 : A A : . A .
0 1 2 ) 4 & B 7 3 &l 10

EMDIE R FF % {5 = 4E

50 T T T T T T T T T
40 .
30 B
20 B
10 B

0 , . . ' ' . ' ;
0 1 2 &) 4 5 B 7 3 (5] 10

S/ Hz

5 SiEttt

Fig.5 Spectral comparison
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Tab.2 Comparison of the experimental data

papg TR gy TRRBPH ARG
min Wemin' FRE KR
1 62 FIGTES 18
EMD/Mi#t 17 0.78 0.85
2 68 iR 5 17
EMD /3% 18 0.79 0.88
3 61 a5 15
EMD 43 15 0.82 0.88
4 70 SR 5= 19
EMD/Hi# 19 0.86 0.91
5 72 R s 17
EMD 43t 17 0.80 0.83
6 68 SRR 15 18
EMD/Hi# 18 0.90 0.91
7 65 SRR s 17
EMD/Mi# 16 0.83 0.87
8 76 iR E S 19
EMD/Mi# 19 0.82 0.86
9 69 G {ES 17
EMD /i 18 0.77 0.78
10 63 iR 5 17

EMD 53+t 16 0.84 0.88
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