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Removal of baseline drift of pulse wave based on smoothness prior
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Abstract: The pulse wave signal is rich in physiological and pathological information of human body. However, the problem
of the baseline drift of pulse wave collected by photoplethysmography is very serious and directly affects the accurate extraction
of human physiological parameters. In the field of biological signal processing, the method of removing the baseline drift is
complicated and the time for signal processing is too long, which can't meet the need of real-time processing of the pulse wave.
Herein the smoothness prior based on regularized least squares method is firstly proposed to remove the baseline drift of pulse
wave. In this method, the cutoff frequency of the smoothness prior under different regularization parameters is analyzed, and
the frequency range of the baseline drift signals in the pulse wave signals is also considered to select the appropriate regularization
parameters to remove the baseline drift of the pulse wave. Experimental results show that compared with wavelet transform and
empirical mode decomposition, the proposed method can effectively remove the baseline drift of the pulse wave, increase the
calculation speed and improve the signal-to-noise ratio, which benefits the accurate extraction of the feature points of the pulse
wave.
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Fig.1 Time-varying frequency characteristics
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Tab.1 Relationship between regularization parameter A and relative cut—off frequency

Regularization parameter A
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1 2 4
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Fig.3 Original pulse wave signal
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Fig.4 Baseline drift signal of pulse wave signal
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Fig.5 Spectrum of pulse wave signal and baseline drift signal

(1) 1A A PR AR, b g I T A A R AR R kA
W AR A3 , B I TLA v B %) [ 285 iR IR
— 2 PRI 25 o LA 1 [ A B pR B A 45 3
EBRELIER IS KIS . M ek
I AR S | 28 RS 0 i 1 S Ak B L kAR U8
55 A3 LBRILLERL G K i 6 Frn . A
L6 ] LAB 3 R ik A Bt e Bk T ik
WAL RS | A2 M 1) KR 8 RO, - i
SEIRVE AL BEAT IS (0 BRI A LN AR | 2R B
BoT LIRS
4 KRR EH

WAL 6 BT, 3 Fh 7 0 UH S b 25 5 1 Ikt 1
FELR RS SR AN 2 M IS (Y AN e A 2l
X 3 R M Ik A S o FEAR S AL B4
R A5 e LG (SNR) AT 5 iR 22 (RMSE) I~ 2
BB LM R AR, i E SNRH B K, RMSE {H
/N, UL R MEAUR AT . B3R f(n) M RBREELIE
B Ja I KA, f (n) M IR BRI (55 RIS
{55 e(n) , A1

£ () =F(n) +e(n) (9)

SNRE SLUNF -



b

%104 RGN, A5 BTV MR BRI R L R - 1201 -
Smoothness priors approach method 5 ,';'_{'\ Zﬁ

Amplitude/my
4 o

0 5 10 15 20
Wavelet transform method

Amplitude/my
N [ RSN

Amplitude/my
N o =

0 5 10 15 20
tls

6 3T A EMRBELIZB R AKER

Fig.6 Pulse wave after removing the baseline drift with 3 methods
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Tab.2 SNR and RMSE after removing the baseline drift with 3

methods
Method SNR RMSE Running time/s
Smoothness priors approach 17.157 19.35 0.82
Wavelet transform 14.082 25.41 1.53
Empirical mode decomposition 15.751 24.57 1.97

SNR: Signal-to-noise ratio; RMSE: Root mean square error
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