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Abstract: To solve the problem that the collected pulse wave signal is easily disturbed by high
frequency noise and baseline drift, which make subsequent pathological research and analysis difficult
and the measurement accuracy of inferior quality, an improved filtering algorithm combining variational
mode decomposition and non-local mean noise reduction was proposed. Aiming at the problem that the
selection of variational modal parameters has different effects on the results, the whale optimization
algorithm was used to adaptively select appropriate parameters, and the modal components were
screened according to the permutation entropy results. The experimental results show that the signal-to-
noise ratio and root mean square error of the improved signal are better than other noise reduction

methods after being processed by the filtering algorithm.
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%5 6 10 Wiy, 4. FETEiE A VMD-NLM JR A5 S8k pr o 561
0401 —e— R (3] HIEEEE, sk, BTG, . LT Mk % 0 8] (% 1 &
0.38 2 SEEMDAN- HOMAFGEHER [1]. 615U, 2020, 42(1): 88-94.

036 (4] ®HPRFH, EWRAR, 2574 &, %. EEMD 7£ 5] B T BR bk i
;E 0.34 1 SEURSIN i JOICHRE A5 e A MR 75 R R R S TP i B (0],
Toxnt HLF 515 B4R, 2015, 37(6): 1384-1388
F 030} (5] 5k 3% ¥, 22 /N E, 4 Db 48 3 T Bl BE /N (A -
0.28 1 CEEMDAN () ECG {55 2 MafF5Y [1]. 158l T/
0.26 5PRla#, 2020, 42(11): 2067-2072.
0.240 2 4 : : 1'0 [6] DRAGOMIRETSKIY K, ZOSSO D. Variational mode
Tk decomposition[J]. IEEE Transactions on Signal Processing,

10 RRAZEMHFRIRE

Fig. 10 Root mean square error of different methods

4 B %

ARSCHR G T — PR i £8 A AR 580k 54k VMD
o B PR B S8, il S HRS AR A E A R
oy, S5 ARIYMEIE U A DR BR BKAHAE 5 A A
AR RS o 5 IR A AR R DR A
PUm A IE RS AR, AR T VMD 73
fifp h Z R E R Rl HES R oA, REAS A
B IX oy e P oy S A O . el AR R
PRI UG DL, IEBRME (RS . SRR, MET
CEEMD, &4t VMD %5, A J7 ik 7E Bkl i s I
AIPEREZE O &, XFRAE 5 B & By ik R
FE, R IHAS SRR I, RS RS TARBEE
Hehit, xfpkiZ %ML B A EE . SR VMD 1)
MSHNAAEET L ZUEN, FEOLB1TH0R
RN, AN $ @ 3005 i as A7 ROR b 5 Bt —
ARARIBEFE

S WK

(1] 38, BI04, HelgEE, &, BEw KGR g ) )4
ZHOIHT ). LI P BRI R, 2010, 24(6): 26-29.

[2] PRADA E J A, GALLEGO C A B, GARCIA J F C. On the
development of an efficient, low-complexity and highly
reproducible method for systolic peak detection[J].
Biomedical Signal Processing and Control, 2021, 68:
102606.

2014, 62(3): 531-544.

[7] KUMAR A, ZHOU Y Q, XIANG J W. Optimization of
VMD using kernel-based mutual information for the
extraction of weak features to detect bearing defects[J].
Measurement, 2021, 168: 108402.

(8] JSCS, JEI . gt VMD B e Bl i 5 5 R S5
HER PRI [J]. PR sl TAR2AR, 2021, 34(2): 292-300.

(9] #E3G L, SRS, B4, 45 AR I IR AE 25 R0 i I8
{F5 LR RN [J]. BT 5 aR, 2018,
32(2): 167-171.

[10] F5 VAL, 53, X, WO VMD S50 Bk Jic i 2k i
BT [J]. B SRR, 2020, 34(8): 144-150

(1] RIS, BeFae, KT, 55, 2 T8 MBS I A 1) A i
IO JE RN T 5 (7] HL TR, 2021, 49(8): 14571465

[12] MIRJALILI S, LEWIS A. The whale optimization
algorithm[J]. Advances in Engineering Software, 2016,
95(12): 51-67.

(13] FFAE. LT ik Rt A Jmy AR S 1 s P B i e 2 2 R R
A B S R A (0] S PLN S R, 2021,
38(9): 256-261,279.

[14] FEA R, BAEAE, BRI, 45, S0 f s b DA 4
B YR FE RGBT 0] LIRS S RS, 2018, 37(4):
94-97.

[15] Z56%5, sk MG, £ I0AH, 55. HFSI—CEEMD 23 14
L /NI I L 2 MR ARG DN 5 1 (D). FRMIL S 24,
2020, 24(12): 120-129.

[16] BRELME, S %52, 8 KIR. EEMD 45 & /N BIE YOG HRA
TR B 17 5 W e [0]. D62 RS % T2, 2019, 27(6):
1327-1334.

(%ifH: # )


http://dx.doi.org/10.16306/j.1008-861x.2010.06.009
http://dx.doi.org/10.1016/j.bspc.2021.102606
http://dx.doi.org/10.11999/JEIT141390
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.1109/TSP.2013.2288675
http://dx.doi.org/10.1016/j.measurement.2020.108402
http://dx.doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.009
http://dx.doi.org/10.13382/j.jemi.2018.02.024
http://dx.doi.org/10.13382/j.jemi.B1902831
http://dx.doi.org/10.12263/DZXB.20190972
http://dx.doi.org/10.3969/j.issn.1000-386x.2021.09.040
http://dx.doi.org/10.13873/J.1000-9787(2018)04-0094-04
http://dx.doi.org/10.15938/j.emc.2020.12.015
http://dx.doi.org/10.16306/j.1008-861x.2010.06.009
http://dx.doi.org/10.1016/j.bspc.2021.102606
http://dx.doi.org/10.11999/JEIT141390
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.1109/TSP.2013.2288675
http://dx.doi.org/10.1016/j.measurement.2020.108402
http://dx.doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.009
http://dx.doi.org/10.13382/j.jemi.2018.02.024
http://dx.doi.org/10.13382/j.jemi.B1902831
http://dx.doi.org/10.12263/DZXB.20190972
http://dx.doi.org/10.3969/j.issn.1000-386x.2021.09.040
http://dx.doi.org/10.13873/J.1000-9787(2018)04-0094-04
http://dx.doi.org/10.15938/j.emc.2020.12.015
http://dx.doi.org/10.16306/j.1008-861x.2010.06.009
http://dx.doi.org/10.1016/j.bspc.2021.102606
http://dx.doi.org/10.16306/j.1008-861x.2010.06.009
http://dx.doi.org/10.1016/j.bspc.2021.102606
http://dx.doi.org/10.11999/JEIT141390
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.1109/TSP.2013.2288675
http://dx.doi.org/10.1016/j.measurement.2020.108402
http://dx.doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.009
http://dx.doi.org/10.13382/j.jemi.2018.02.024
http://dx.doi.org/10.13382/j.jemi.B1902831
http://dx.doi.org/10.12263/DZXB.20190972
http://dx.doi.org/10.3969/j.issn.1000-386x.2021.09.040
http://dx.doi.org/10.13873/J.1000-9787(2018)04-0094-04
http://dx.doi.org/10.15938/j.emc.2020.12.015
http://dx.doi.org/10.11999/JEIT141390
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.3969/j.issn.1007-130X.2020.11.020
http://dx.doi.org/10.1109/TSP.2013.2288675
http://dx.doi.org/10.1016/j.measurement.2020.108402
http://dx.doi.org/10.16385/j.cnki.issn.1004-4523.2021.02.009
http://dx.doi.org/10.13382/j.jemi.2018.02.024
http://dx.doi.org/10.13382/j.jemi.B1902831
http://dx.doi.org/10.12263/DZXB.20190972
http://dx.doi.org/10.3969/j.issn.1000-386x.2021.09.040
http://dx.doi.org/10.13873/J.1000-9787(2018)04-0094-04
http://dx.doi.org/10.15938/j.emc.2020.12.015

	1 理论原理
	1.1 变分模态分解
	1.2 鲸鱼优化算法
	1.3 非局部均值去噪

	2 改进VMD降噪算法
	2.1 排列熵
	2.2 基于WOA-VMD-NLM的联合去噪方法
	2.3 降噪效果评价指标

	3 实验分析
	3.1 仿真实验
	3.2 实例信号分析

	4 总　结
	参考文献

