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Estimation of the Pulse Rate Variability based on LMD
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Abstract: In order to overcome the influence of noise and sampling frequency in the process of
extracting Pulse Rate Variability(PRV) signal in time domain, a new method of PRV estimation is
proposed—Local Mean Decomposition(LMD). Firstly, LMD decomposition and Hilbert transform are
performed to the original pulse signal, and each Product Function(PF) component, Pulse signal
Instantaneous Frequency(PIF) and marginal spectrum of the pulse signal are obtained. Then the
Instantaneous Pulse Rate(IPR) signal is obtained according to the PRV signal frequency distribution. By
using the method of estimating IPR signal on LMD and exiracting PRV signal in time domain, the pulse
signals of 10 college students collected in this study are processed at the same time. It is found that the
IPR signal can accurately characterize the PRV signal. LMD method is adopted to estimate the PRV signal
in the pulse signal of sleep, visual fatigue and motion state, and the results show that the method can be
applied to estimate the PRV signal in different pulse signals. The PRV signals of the young and the old in
the MIT-BIH database are analyzed on the entropy of the symbol sequence of short pulse rate. The results
show that the method can detect the change of the age. This work provides a method for the effective
detection and processing of PRV signals.

Keywords: Local Mean Decomposition(LMD); Pulse Rate Variability(PRV); Hilbert transformj;

Pulse signal Instantaneous Frequency(PIF); Instantaneous Pulse Rate(IPR)
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T PE RS A, KRR S (PRV)MS 5 76 S2 bR B A bl DU HRV 5550, 7 i R FH AN 2% B2 W b 25 40U A1
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% (Heart Instantaneous Frequency, HIF)EEM.OHL(E S PRI HRV 551, R/ ag s, 1535 HRV 5
XTI B B AR S, BT Sy 5 5 2E4T Hilbert A8 4, 51 HRV (§%5, BEMEF RS, N PRV fF
SR AR TR B . R RS E A (LMD) & — RO 1Y B IE N B A AT O i, IR O iR S T AR AR M L A
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hin (t) = Sin-1 (t) — Min (1)
A
su(t) =hi(t) /an(t)
(t) =hia(t) /an(t
Sia(t) :() an(t) ©

Sin(t) = hln(t) /an(t)
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SSE(m)=-)_ pjlog: pj (24)

TR /MR T AR S B B AR I AR 2, AR RO 1 RS, R BN, HEDh 0, Jn2RA%
8 2 B A BE SR AR A, 00 e K

2 SRIGEE
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PRFHDEMA SR A, JFWLE Fantasia 5% 1 8 B R Rl BE, WKHEAR 5 R FEMAR A 250 Hz, REEATH R 120 min.
SEI AR 2 K E HUA ASHIESE A AT 2R 4 00 DKAEAR 5 8000 P, SRERXT R R 10 7 20~25 % 22 [] AN W A A ft i K
S i&%ﬁ%%iﬁ%ﬁﬂmﬁ% REZE ] B WKL 5 SE R SRR R GE . RAER 400 Hz, ¥l RAERTH]H 4 min.

B 1 WS RERGLSEWHER . REETH 4 Tl S B4R | B {5 7l kb B ds % . MP425
KEFR . HEN I LabVIEW RERGEM . o, Jeds 200 b kA% B A8 8 AR 1 kG5 5, IF0s 28 A
SRR A S RE R EAL A B R SR S U B, K R R S B RS S e o LR
G5 (V~mV), SRJ5, X b Bk A5 5 20 47050 8 e AN s g e . oK, Ha b 0~5 Vo Rl HERE R A/D F i i
5% . MP425 B R%E R EEFATIKFERE S A/D ik, R4 R USB #: 04 THRL. it 5NN
#B, A LabVIEW B HF & THT MP425 RAERIBIERE . RS, 56 BUEHE W SR RE . A3 17
it . R F2 W4 A .

—> hardware pre-processing circuit —> capture card —> acquisition system —> data analysis

data storage

Fig.1 Block diagram of pulse signal acquisition system
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PF2 7 WY BRFE Iy 0.5~2 Hz, A PRV {55 By 2 ZHAR I A s
Filo R PR2 BES AR A5 5, HHR 60 £%, Bl IPR 55 . Fig.2 LMD decomposition results of pulse signal
AT SHHEIRIA PRV FE X, RIEREL PRV G5 REE, Xt B 2 RS B LMD 4Mgss
IPRTrﬁ? #mﬁ&ﬂi ﬂul 4(b)ﬁﬁm, 5K 4(a)xttt7%n LMD /;HE#H’J IPRTF%TUAE%%%%{E PRan
20 y— 2120, —— x
10 :
0 /-/\=7

50 54 58 62 66 70 0123456780910 g
2.0 [—T——t—r—r— T 40 —r £ |
N P W > 20 E 70 M M % M 5 L 'l ' x 'l 'l
Josi 10 & 0 0 20 40 60 80 100 lt%O 140 160 180 200 220 240
> 1. MR M S PR S
% 5 050 54 58 02 06 70 3 05 0 1 2 3 4 5 6 7 8 9 10 (a) time domain extraction of PRV signals
s 2 = 0. =
E 1.0 W g /\ g0 oo s e
0 i 1 i i i 3 i i 0 . <
50 54 58 62 66 70 1 2 4 3 6 7 8 9 10 =
1.0 p=—r—vr—r—71 —T 1.0 2
0.5 0.5 5
0 N P 1 P . N N 0 ] | | | | | | | | |
50 54 58 62 66 70 0 1 > 3 p 5 6 7 8 9 0 0 20 40 60 8 100 120 140 160 180 200 220 240
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(a) instantaneous frequency diagram of PF component (b) marginal spectrum of PF component (b) IPR signal extracted by LMD method
Fig.3 Instantaneous frequency spectrum and marginal pulse signal of each PF component Fig. 4 PRV signal extraction results
3 WKRE 54 PF A3 BEIOBRIHSR Kt bt Bl 4 PRV fi55 S HRER A

32 EEHIRESH

i E 4(a)~FE 40)T L ATAN, FET LMD kAR A 1PR 5 5 52 L PRV (5 5 4330, XX 2
s SR 2200, R WME 1R, ATUEL, ZHZERZEE/DN, mRIEZEART 0.06,
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F 1 PUREREEY TPR 5 55 IHRIRI PRV {5 51022504745
Tablel Error analysis results of extracted frequency domain signal IPR and time domain signal PRV
(' S1-S10: 10 groups of experimental objects; mean: the error average of 10 groups of experimental data.)
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 mean
0.045 4 0.044 3 0.054 1 0.043 8 0.049 7 0.048 0 0.0512 0.049 1 0.028 2 0.033 4 0.044 7

3.3 LMD E&mI M A

AT T AR AT LUF H, LMD Bk A DLERR A 1 RS T K S T PRV (550 AR, A
P T HACRE G BKIEES, L WnpRAR . RS . S shFRAE . H, BECRE T KRGS 5§ RS
T BRAEAE SRR AE AR AL, AR MR R AE AT . T TSR 5 (5, FRRAE i s = ik, R SR,
K AL 2 19 B0 % A I AR MEAS BMERG () PRV (5%, X2 h T IS S5 W i R A & e . 1R LMD %,
g e sy, mERLIE L, LMD i n] RUERS AL T A58 5 55 Bk (5 5 H i) PRV 55 . Xt T8
fES, BKIEAE S h TR N H LR ER MG T, W& S, B LLE 7 B SR X o 0 b Al
i KA S A PRV (55 K SR, NHA LMD #4530 PRV (55, BT LUE H X o7 2 ml LUk i
W Ak 1 2 SRS T BKIEAS 5 P PRV 5 5.

2.0

amplitude/mV
(=3
wn
pulse rate/(beat/min)
A

0 50 100 150 200
t/s

(b) visual fatigue signal in PRV signal

amplitude/pV
pulse rate/(beat/min)

176 178 180 182 184 186 188 190 192 =
0 50 100

ts ts
(c) motion pulse signal (d) PRV signal in motion pulse signal

150 200

Fig.5 Visual fatigue, motion pulse signals and PRV signal
5 PUsER 7« B BbkiE 5 X PRV (55
KM LMD 35X HUH MIT-BIH Fantasia 28 2 (9 kA8 800s E AT AR B, $R 0T 10 44RO 10 4128 4F A1
PRV {55 ; JFXfiXLe PRV {55 47 M £ 5 Fp SR 70 AT (m=2, BUREDSCE 0 RiEZE 5 Biiy PRV KU, 45 BUiK
Pk 500 s), FERORAT A EMCOR S, SR SRR AR AR A BIA77E U] 22 5% (1p <0.005), SIS )F
AT AR e 1) i PR S TP

4 Hit

AICH LMD FiERATIREE S S WA, PR LEM LMD T IPR {55 0l AR LR AE PRV
5%, WEHZFEWA P AT AFDRE T IKEE S A9 PRV (555 FEEIKCRAS 54575 5 51 4 ml L A58 i 46
AR A4k, A SCTAE NG IR PRV {5 S A6 I A1 4 3R 1L T — Fh oA Ry 5 s .
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