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Blood Pressure Prediction Method Based on Multi-wavelength Pulse Wave
GUO Bin ' YANG Qiyu

(Guangdong University of Technology, Guangzhou 510006, China)

Abstract: To facilitate long-term blood pressure monitoring of hypertensive patients, a blood pressure prediction method based

on multi wavelength pulse wave is proposed. Firstly, using a multi wavelength pulse wave signal acquisition system to obtain multi

wavelength pulse wave signals, and deriving pulse transit time from them. Then, a feature vector matrix is constructed by combining

other features of multi wavelength pulse wave, and use Lasso regression to screen the feature vector matrix first, and then perform

blood pressure prediction. The experimental results show that this method has high accuracy, with average absolute errors of 4.92 and

5.68 mmHg in predicting systolic and diastolic blood pressure, and standard deviations of 6.15 and 6.68 mmHg, respectively. It can be

used as an effective supplementary method for blood pressure measurement.

Keywords: multi-wavelength pulse wave; blood pressure prediction; Lasso regression; pulse transit time

0 5%

OGN ™ B A T NS AE AR, BRAE R
291 040 FAFET, i A O LB S5 1
BURRZ —, EATREXT AT R B R A
SEIERE, BESIRONASE. i, s
SfaERPRP, TR, BEEANCZBR. IERESER
s, AEREIEEEHER FhES . Rt
SRR, fEkds 30 EH, miiEEET
HoEm 73, BarcuEid 12 /2P S i
BT, HERRL S, wT DA Bhil PR = AR B 4T

HZ Wi 1 o

IR 72 U IR AT 40 5| 6 1) TRk b E B ik A
AR A HEN . OG R ARK I B ICY%: (photo
plethysmo graphy, PPG) & —M1IKAS . ol fij 5L
APE SRR, FTSRBSNERRAL (RS, Bk
ARIAESE FIshikOE (S 5 . 81t PPG 15 5 A 3k1%
S IEA R E 2GR ZSHL, 10% (heartrate, HRD
k4% S [A] (pulse transit time, PTT)  Jk{iRH#

(pulse wave velocity, PWV) %,

IR, PPG 15 SR M AR 7L A )

2054 H 408 18 BFUEEEIRE 47



B, SCERI71R RN TS0 A8 N BT B 1 3R
2 P AR KIS (multi-wavelength PPG,
MVPPGO5E 5, I R BN ENK PTT R i %,
FHELTAE G AT PTT B 0 77 VAR w4 5 vy s (H

ITE R B MAEN LR, RS EECARR .

SCHR[8]R 5 SBR[ 714H [F] (4 7772:3KE MVPPG {5 5,
FIHAFEBA PPG {55 Z RIAHA A T4 T
MRS AR, FZA RS RO 5 —, T
DIAERR PR BRI T 25 18] o

XTI FAEAE R I, AR H— T2
PRI () L T 759250 %7705 A MVPPG 15
SRR PTT I PPG {5 54HIE 5 Lasso [a])
FAZE G, NIRRT, AR TR .

1 AR EAL

1.1 MVPPG 5

MVPPG & 5248 H 2 B R ke
BAE T PUNKIREATZIRE, FrUA R
BEN IR BIREAF, SBOGFHRIGERE AR
PPG &5 HAE. AFK PPG 5 F7EN [al5h Ext
55, BRI MVPPG 155 . —ZHUNE MVPPG 15
S 1 PR,

150 - !
——— 45 4PPG
- = ~ZtPPG
4OLPPG

100 -

50

B{E/mV
f=]

H

1

o> -50
o

-100

-150 +

-200

0.5 1.0 1.5 20 25 3.0 35 40
i )/

B 1 MVPPG &5 rEHE

Wk 1 fioR, MVPPG {5 S AMUAFAEAS 5 %
S ICAFAEAERLZE, IX R O I R IR LB Dk e
MAEAEFEI, FEANFE AKX BRSMNAZNIK /Nallik
FIBgHIME . ik, MVPPG {55 HE T PPG (55,
A DA 2 2 FE R S e NAR 45 J2,, FEBRST MR A AR

48

PREERE T B B2
1.2 PTT &8

PTT 5UR4iE (systolic blood pressure, SBP) . #F
5K (diastolic blood pressure, DBP) 2 [AJfFEIT{LIZE
PERRISC &, AT T e F0

PTT. HR 5 SBP. DBP LMY

Rygp =aTorr +b - Ryp +¢ 1)

Fogp =, + 0, Ry + ¢, )

PTT —¥J5. HR {315 SBP. DBP [f1£k 45

oy
1 b
PSBP=(G3'RHR—§](T32) (3)
PTT

2 b
PDBP:(a4'RHR_§j(T42] “)
PTT

PTT —#XJ7+ HR 5 SBP. DBP [{Z R

a
Fegp :( 2 zj"'bsRHR +¢ ®)

PTT

a
PDBPz( 62J+b6RHR+CZ (6)

PTT

{: a, . b+ ¢, 759 SBP. DBP IR E &
¥, rE RN IRE AR,

HR M MVPPG 155 Hh— B [8] A iR Mok
FRE. PPT it 2 ASREE KRR PPG 155 ZIAIH)
FHA ZESRIREL, RITERT )5l E3% 2 ANFERBK I PPG 5
GHFE, 2 A PPG 5 SR BIEZEERA PTT.
PTT SREURE B 2 fis.

i 3
Bt =R
‘/QI%PPGTE%

bl S=EiFar]
4N PPG (55

\

/

K2 PTITHRBUREE



B MEF: BT ZRKKERRMETNTG E

2 FMFER R

2.1 MVPPG EER&

MVPPG 55 KERG 2 i 2 > MAX30101 5
. STM32F103 T4 QT AN, R4
MEZLLNE 3 Ffim.

MAX30101

MAX30101

K3 MVPPG 55 RERGHELE

MAX30101 72— H T Wil ik i A A g
HR FISERURE . AR 2 A MAX30101 #8575 B
FATFEARMIT BRI HEE R4, FHT3RI
X2 M EM MVPPG 55 . M ER MVPPG 15
SHEFELIMEPPG E 5 46 PPG 15 5 144 PPG
(EReR

STM32F103 T35 i F T HAR 247 S AL,
Hild PCBE S MAX30101 fbER:, @it 5
PRI 2 QT BAL.

QT _EAZHLLE Intel i5 13600KF 357 Windows
10 #:1E R 40, HRA QT 5.12.10 #Hih4m’S Fiim, Mg
AAREEN MVPPG 55, EFFWHBhEKN MV-
PPG 55
2.2 MVPPG (ST IE R AFIEEER

X MVPPG {5 ST AR, FIEEECH A%y
fiE, EBRUEEETHL. ASCRMA 0.5~5Hz [ —F Butter-
worth TFIEJERK A, ZFRRE MVPPG 15 5, KW
W BRI PAT R BT 5 | A P S R A G 7

AL FREINR FH FRTARFAE R 20 =30 e B —3R4%
FEAFEER . BMI $8%. HR. %M, @ 1 fr
Ny SR FEASEH MVPPG {5 53REUY PTT,
DA HS HR ORI, W3R 2 B 38—
7> FEAFHE MVPPG 55 LW 34 —Bhr 2801
HEURHIE, W3R 3 PR, FAERBUR S ENE 4 Fos.

R BMOFERENX

RFAE & S
X G
X, BMI %1
X, HR
X, 148 fE

*2 BIEOHFEREX
HFAE 5E X
Xi: ZLAMEPTT (HALAMEIRARI PTT)
Xo: 2096 PTT (HHZDGIRAR I PTT)
Xs: 6 PTT (HEDEIR4SH) PTT)

pet X7
Xs: X7
Ko X?
X;:  HR-X,
Xe:  HR-X,
Xo:  HR-X

R3 BZAOFEREX

FHIE X

xi: Wi R 19 B FHTIR] (PPG {5 ST L FHRI A2 )
R PPG 55— SHU R

x50 PPG {55 — WS A 58 £

Xa: PPG 55 —Fir A 2 iR

Xst PPG {55 W S HUIN (55

X6t PPG 155 Wi SEU A HR AL

x78 PPG 155 iS5 m a] 58 2

| PPG CHVEHAN (PPG 5520/ I 5
W D

Xo: PPG W5 F] PPG #75 £UI N Bt i)
X10t PPG (M AIESE (PPG 15 5 — AN A AR I [a] 85 )

FS"@—,
U

PPG 55 ~ Yo o~ N/
10 R
Fl s =uf
X3
X2
PPG RS |
‘Kﬁ%%{ X7
PPG RS s
e 7 .

B4 =R airios 2K

2025 Hack B BEMHSEETIE 49



5 = IBIRHIE T ISR 2 A KA LA PPG
{67+ 4006 PPG {55 M4 PPG {5555 6 F PPG {5
T 10 AMRFE, 3L 60 MRHIE. H#HX 60 MHES R
1. 2 /9 13 AMRFIERLS, TERE 73 4ERRAIE R SRR
X, FT I Fm.

2.3 Lasso [E)3

B/ NESTIR AR FIEREHTE (least absolute shrink-
age and selection operator, Lasso) [R5 & —FhZk 4[]
FOIENAE 77925, AT R A BT A T e e 400 25 )
MVPPG 15 5 tt PPG (5 538N 7 H 24, 5INTH
ZRHE, Lasso [RIHIEAERUR BT I L1 IEN{E

T IR MVPPGIE 5

T, SRR [ B AES AL AR, TSI 2
FHFHIELEFE

AR Lasso [RAREYSR 58 SURFAET £ AN LT
T SR FH R VIEARI 7148 A Lasso [B] A 244
T ARSI : 25— akAIEsK Lasso [RIJ94E
RIS &, REAE RECEOKIIRHER &, R
B BB INPRHIE A B 38— OB SR — U0k
AT FRARFAIE ) SRR B, BEHTII SR Lasso BAY 4,
e SBP. DBP HITM, 15 SBP. DBP ¥
A 5 SEPMER PR 2, 133 m A MR g R
ISR AN 5 Bs.

(e, B AfhtE )

RPAIE [ AR B

5% B MVPPG
AHSSHRAE

SBP. DBP
e

Z— K Lasso [R5

sk

IRFAIE [a) B2 077 1

L% FETTMVPPGHE 5

{H%%%HXPTWH%%’{E}

OB L X

%5~ WLasso[n] )7

- ( I 45T MVPPG }

AR FHIE

SBP. DBPHiill &

B5 o s PR

Lasso [AIAR AL H Froe s/ MEdi 2k pR 2L

1 2
(v - Xo) +Zl‘a)j‘ )
=1

2n3

X o WSEAE: Y, NE | MR SBP Bl
DBP; X NFRHIEREAEREEE i AT RHE R &, E5—
UGB, X O 73 ERVRAE R RAERE, R38O0k
A, FHIE AR X YRS 3 — A Sen 45
RUE: A AIENHESEL, H T30 E AT 58 FE .

KA SBP DBP UGk FEIRRFEANE], B A
SBP. DBP 73l 5 B GE ORI E & B IS

3 Iy

L(w)

3.1 SLISEE
ASISKAE IR T MVPPG {554 RS R4
SEIGE NG 26 4H MVPPG (55, KFEZEN 500 Hz.

50

DBP 5[4 62~96 mmHg, SBP [ 96~134 mmHg,
AR AT AN 6 Fras.

090 100 110 120 130
SBP/ mmHg

0
60 70 80 90 100
DBP/ mmHg

B 6 [43F4E 26 4 MVPPG 15 5 I L& AB 23 A5

SEESTEERRAESE Y Intel 15 13600KF AbFEES, #:/E
A48 Windows 10, WAEN 32 GB, LA



o AT BT ZRKIKERRMETNS %

MATLAB R2021a A A< S0 FH RRAS 12 1 5 i
) SBP. DBP fENZH M.

HG, XPRHEREREREEAT T, R B
R . T OAEZ Lg% | PTT 5% R)
SEAHSCHES, K Lasso [BIHWIAS GRS PR
THRAER BRI X, ~ X, FAE BB
FeiEm . BARTMIE, SBP ORI 1 RHE R EHFEA
X, Xov X X, : DBP IRE [ RHE [r) B R
X X Xgpv Xosv Xon X5

R, HETURIE fa BRAE TSR B A RE () S
I T B E ML ERAL ) P I 2R Lasso [BIIHFE 4.

$5 s A FH B R AIE [ B I DL I )
Lasso [H)ARRIZH#AT LR Tl o
32 SKEBRLERR IR

DG UE AR SCH H R T 22 B K ik A8 e 1) i o 73
DTTVERARUE, ¥ H 5 22 o2tk A H02), P i),
FT PPG 1551 Lasso [B1AU413 Fh 7 k47 1 He 500
X PSS o I TR0 FH PPN FE AR TR 41 22

(mean absolute error, MAE ) FlI{75 1 2 (standard deviat-
ion, STD) , HAHBR/N, AFEFNNEBREET T HIH1A
R RS E A R HE, MENEXERT MAE
[/ 5 mmHg, STD J%i/NT- 8 mmHg!,

T HAEEARUD, ARSI 45 R AT SEME,
KH 26 P58 EIE, FERUFIMEIE IR AR,
e 4 fizs.

F4 MEFUNSEIRLER R XTEE

i et MAE/mmHg  STD/mmHg
o SBP 4.92 6.15
AR TT MVPPG
DBP 5.68 6.68
- SBP 6.10 8.01
- CIVE| PPG
DBP 4.65 6.22
SBP 8.22 10.38
TR PPG
DBP 4.17 4.22
#F PPG 55 PG SBP 6.90 -
ff] Lasso [#])3 DBP 5.00 —

HEE 4 TTLUEH: ARSCTTEMRT 2 gk Rl
H. Yk 53T PPG {55 1 Lasso [1H777%, SBP
H P HERf 14 =, DBP HITRIIAERA A 3 25

], H5HT PPG {551 Lasso [H1HKH 233 MEHIE
AT IR FAR L, A ST EERFIEEL (73) TE/DY)
&N, SBP (KM AERG 5, UERH ARSI
R
4 ZEip

AR — b 3T 22 U R KA 17 I e T 7
%o %R MVPPG 1555 Lasso [BlHAHZ &,
R 1R T g HERa e, AT e E . K
JEFI . ABASCE ] B R Rl B D, AR
5 8 % MVPPG 155 HEdE LTk — Ik

©The author(s) 2024. This is an open access article under the CC
BY-NC-ND 4.0 License (https://creativecommons.org/licenses/
by-nc-nd/4.0/)

S Hk

[1]ZHOU B, PEREL P, MENSAH G A, et al. Global epidemiology,
health burden and effective interventions for elevated blood
pressure and hypertension[J]. Nature Reviews Cardiology, 2021,
18(11):785-802.

[2] SUVILA K, NIIRANEN T J. Interrelations between high blood
pressure, organ damage, and cardiovascular disease: no more
room for doubt[J]. Hypertension, 2022,79(3):516-517.

[3] ZHOU B, CARRILLO-LARCO R M, DANAEI G, et al.
Worldwide trends in hypertension prevalence and progress in
treatment and control from 1990 to 2019: a pooled analysis of
1201 population-representative studies with 104 million partici-
pants[J]. The Lancet, 2021,398(10304):957-980.

[4]LOHH W, XU S, FAUST O, et al. Application of photoplethys-
mography signals for healthcare systems: An in-depth review[J].
Computer Methods and Programs in Biomedicine, 2022,216:
106677.

[5] QIN C, WANG X, XU G, et al. Advances in Cuffless Continu-
ous Blood Pressure Monitoring Technology Based on PPG
Signals[J]. BioMed Research International, 2022,2022(1):809-
4351.

[6] CHARLTON P H, PALIAKAITE B, PILT K, et al. Assessing
hemodynamics from the photoplethysmogram to gain insights
into vascular age: A review from VascAgeNet[J]. American
Journal of Physiology-Heart and Circulatory Physiology, 2022,
322(4):493-522.

CH¥e 65 TO

2025 Hack B BEHESEETLRE 51





