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Fig. 1. Heart sound signal acquisition position and acquisi-

(a) O T

tion device: (a) Heart auscultation area location; (b) shoulder-

mounted wireless heart sound acquisition device of 2 shape.
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Fig. 2. Calibration effect diagram of the first heart sound and the second heart sound: (a) Envelope; (b) peak location.
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Table 1.  Correspondence between the peak point

of the second heart sound and pulse wave of No. 5-2
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Fig. 3. Heart sound signal, pulse wave signal, and ECG signal time diagram: (a) Heart sound signal; (b) pulse wave signal; (¢) ECG

signal.
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Table 2.  Goodness of fit between HSTT and BP.
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Fig. 4. Fitting results of HSTT (mean) and blood pressure (mean): (a) Stationary state; (b) exercise state; (c) recovery state after

exercise.
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Table 3.  The second heart sound kurtosis (K ) and good-
ness of fit of blood pressure.
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Fig. 5. Fitting results of K (mean) and blood pressure (mean): (a) Stationary state; (b) exercise state; (c) recovery state after exercise.
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A, i=1,2, -, N, R (16) 3K, ERIFF2MREUHREL, o, 0 e (EN

(S bpi sty ) (S0 k2) = (S b x ki ) (3 hstts x i)

(Z hstt?) (Z kf) - (Z hstt; x ki)z
(Z bp; x ki> (Z hstt?) — (Z bp; x hstti> (Z hstt; x k‘z) (17)

b

c=BP-axHSTT-bx K ,
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SBP I DBP MY
{SBP =a; Xx HSTT + by x K + ¢4,

(18)
DBP = ay x HSTT + by x K + 3,

X, ar, by, eifllag, ba, ey (17) R
Wi e AN &T 5k R R 2 1 i [l U 3R 2K

3.2 IRIEKIE

3.2.1 AREFHKRET o EFrS T4 KA
ST

PR 2.1 AT B SR AR 46, FAAS ST i I
JEPEAG A, THENE R L | 2 s iz gl ek
AR AN SBP 5 DBP, 5 OMRON H ¥
MR ) A0 e A il R 506 L. e, 565 5 41
WETEH L 28 B ahEWE 3 MRS T 20
N A N 2l S =l [~ = ol 121 121
(HSTT). &5 U UL (K) . MURIEAS 0 LA 1M R
SERRI A A G TS RN 4 frl.

MR 712 PR T — O S 0 14
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SRS, WA DI (K ) BB TR ALE

(Z hsttf) (Z kf) _ (Z hstt; x ki>2

)

|
SEWKEARE. TEBZpIRET, EPEAR EARISE R
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55 UM e iR L 2. B shRKE 3
RASTT, M A8 SEBR I A APEA (B X H 25 R DA
KA SANE 6 Fin (hZ3n 3 Rk T I
B FaHY). K E FE 60 min PN, FEE L. 123
B R K 3 AR T 40 300 & 10 W %, 3t
30 YK, AEUCIEIHAE] 1 min 2247, KH, 110 3K
FEIERE, 1120 R Mz 3IRES, 21—30 1A
B IERES. WA EF IR, mEE R
FaE, ARMLIF SN s g i s A B A
ARSIz N =) D=X NS S = N 1 I 11 A S S T N
MRS B RS F I it g s T Lk
IRAS I, PRI B T AR~ N BHABILRE T A2

3.2.2  FIFNE fo EAHE ARG AN KT HE R
it b

A AR SCHRE A T A S R LR A B
e, THEL 7 413 35 240 B4 e RN & 5k R 1Y
BIE; A 2.4 WA B R ARAH R R %L (CC). P
B4tk 2% (MAE). P31k 2% (ME) FIARE R 22
(SD) P FE Frxsd I35 i e Ak (A 0t e -5
HAEATIEM. 35 24 M 1 CC, MAE, ME fi1 SD
WmE 7 fis.

B 7(a) R, 35 44 MR i PR (A A 5 5K
B I 0 7 K IR ARAH DG R B (CC) BIR T 0.5, &
A S 2 0 PP A (B 5 SN LA S A .
El 7(b) B, BT 1 280050 i 4e e 3 44

4 55 IE 3 AR O S MR SCEE ST 25 2R (HO1(H)

Table 4. Data related to heart sounds and blood pressure in the 5 group.

MIXFRA  HSTT/ms K 4 SBP /mmHg 529 SBP /mmHg 1% DBP /mmHg 5201 DBP /mmHg
ik 277.9 3.31 120.28 122.6 71.86 71.2
iz3h 246.7 4.19 139.00 140.2 84.34 83.0
BHIEIRE 264.3 3.72 128.43 128.8 77.29 75.8
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Fig. 6. Comparison of measured blood pressure (mean) and evaluation (mean) of blood pressure in the test subjects of the 5% group:

(a) Stationary state; (b) exercise state; (c) recovery state after exercise.
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Fig. 7. Comparison of measured blood pressure (mean) and evaluation values (mean) of 35 subjects: (a) Pearson correlation coeffi-
cient CC; (b) mean absolute error MAE; (¢) mean error ME; (d) standard deviation SD.

KE WA, REHMAH O TFHL02E E7(d) b, BT 1AM, KZH0K
(MAE) /NT 5 mmHg, UEHIIPAGE S 52 EAA 2 FWbREMm2 (SD) /N T 8 mmHg, B P
B, HEER A /NT 5 mmHg. 7EI& 7(c) 1, F I e 2 1) 22 57 O A2 AR AN
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4.053 mmite. ARG MR IRTBRER AT s eor s e iyt P, BERLEESL T 5206
%, MR HBE R ML 5 mmHg, Bl R L e o ‘
S g, 122 1% 0T 155 K5 1 FE b . w35 M E Z MY 15 AR, b 1048
’ BEREMIAE, 5 4 W MR (A0 i

SCHE Y IS PPAS 5 P22 0T 5 mmHg, b i o i o s -
WER2/N T 8 mmHg, PUZ 7 A T )AL i), FERR RSS20 0 T 5 b il 3 U, 7ER 4R

BT A Dy EAE S B [RIEHF FH OMRON H 1 He 31 1fi
&, M3t 45 AR,
£5  IAMIE IR SRS ER 15 44 3235 it S AL A e BUE 4 445 SR 4

Table 5.  Data parameter statistics of all sujects.

6 g, SEEEIKE L, iR A —

2 JOMIL L I L R L B (5 DI (EISTT) 45 R

CCspp 0923 0542 0781 N .

CCpsp 0.891 0.515 0.748 fik, 56 =0 U (K ) MWL T . Fe T L
MAEggp /mmHg 6.245  1.054 2712 HSTT A RLVA K K .35 TH 8 S i LR A O (19
MAEpgp /mmHg 5968 1628 3.264 HARVERAE. A FHAR SCHR 36105 15 5 1A IR 1
MEggp /mmHg 1091 -1.331  -0.401 A 5 %08 e Il Hs £ A A A R A A TR,
MEpgp /mmHg 0526 -1.254  -0.812 OMRON HL ¥~ Ifit R 3 [7] 25 I 5 1% 1t F K5 40 A EE
SDor/mmile - 8534 228 5% PHRE/NF 5 mmHg, 754 MERIRTH A
SDpgp /mmHg 6234 2132 4.053

PR,
F 615 A MR A CBR AT

Table 6. Datas related to heart sounds and blood pressure of 15 testers.

MRS HSTT /ms K 114.SBP /mmHg SCIMSBP /mmHg A DBP/mmHg SZMDBP /mmHg
fiRR 279.4 3.38 122.46 121.63 73.16 72.02
1o L R 267.8 4.52 151.94 148.58 84.34 81.17

FEPFAk 45 5 AN S il 2 (ELAH B, Wi FE AT 5K K 1)
4 P S 1445 2% 43 931 R -0.401 mmHg F1-0.812 mmHg,
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ARSCHEH T T EE 5 B — il PP AL 7 A I R DA T B P s oA
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R: o0 15— R . W R A0 T 1

1) fEwf ik s sh Mz R KR 3 MRS T, B ESIORITZ X, A%} SBP Fl DBP T
HSTT il K 51 EBEA RIFMAE SR, g f HROTPAS . A7 e EMEHE, w] T i s i i 2
RO RN R AR B0 HSTT FE8UE EATRIAEMT 9, o T 5240 LI % DU B s AT e DR 7
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S, K AR RO AR S SRR AT LA L 40 i Sk

TR A S TR i s T A XA B IE 52Tt
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Abstract

Cardiovascular disease, especially hypertension, has become one of the biggest killers of human life and
health. Therefore, early detection and prevention of cardiovascular diseases are of great significance for people’s
health. In this paper, we explore the relationship between aortic valve heart sound signal and blood pressure,
and propose a method of non-invasively estimating blood pressure based on heart sound signals. First, according
to the relationship between blood pressure and the heart sound signal, both the time interval between the peak
point of the first heart sound and that of the second heart sound and the kurtosis of the second heart sound are
extracted as features. Then the time interval between the first heart sound and the second heart sound, and the
kurtosis of the second heart sound are linearly fitted to the measured blood pressure. Finally, according to the
linear relationship between heart sound and blood pressure, a blood pressure evaluation formula based on the
heart sound is established. The experimental results show that the time interval between the peak point of the
first heart sound and that of the second heart sound, and the kurtosis of the second heart sound can be used as
the characteristic parameters of blood pressure evaluation, which have a good linear relationship with blood
pressure. The goodness of fit is 0.801 and 0.765, separately. The average error between the blood pressure
calculated from the blood pressure calculation formula and the blood pressure measured by a commercial
electronic sphygmomanometer is less than 5 mmHg, and the standard deviation is less than 8 mmHg. For
hypertensive patients, the time interval between the peak point of the first heart sound and the second heart
sound is shortened, and the kurtosis of the second heart sound is increased, which is a typical feature of heart
sounds in patients with hypertension. Compared with the traditional blood pressure calculation method, the
blood pressure assessment method proposed in this paper only needs to collect heart sound signals to effectively
assess the blood pressure. The method is convenient to operate and can be used for continuously monitoring the
blood pressure, and is especially suitable for monitoring the blood pressures of infants, disabled patients with

limbs, and disabilities in certain medical environments.

Keywords: blood pressure, aortic valve heart sound, peak detection, kurtosis
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