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The research on synchronous detection methods and intelligent recognition
technology of ECG and heart sounds
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Abstract: Early and accurate detection of cardiovascular disease is of significant importance to reduce the mortality
caused by it. In view of the digital and synchronous combined detection technology bottlenecks in the common
auscultation and ECG detection methods used in the early detection of cardiovascular diseases, a highly sensitive heart
sound probe based on the MEMS vector hydrophone chip was developed and integrated a 5-road heart sounds and
standard 12-lead ECG simultaneous acquisition instrument system, The test results show that the developed heart
sound sensor probe has a signal-to-noise ratio of 40 dB, which is better than the 3M stethoscope; and the QRS wave
ECG signal collected by the system is synchronized with the characteristic peaks of the S, and S, heart sound signals,
and the waveform characteristics are accurate and clear, The test has realized the digital detection of heart sounds and
the intuitive identification of abnormal characteristics of the disease. In addition, the system is optimized to have
intelligent diagnosis capabilities. Therefore, a cloud server and database have also been built, and an intelligent
diagnosis algorithm for heart sounds has been designed and developed. Through testing on the collected clinical case,
the results show that the accuracy of the five-category heart sound intelligent recognition is over 90%, Therefore, the
detection system has important technical value and clinical guiding significance for assisting physicians in the early
digital detection and joint diagnosis of cardiovascular diseases.

Keywords: ECG and PCG;synchronous acquisition;intelligent diagnosis;sensor;signal processing

0 3 e 2R S R AR A B R 2 —, R R
KRAEEFHIERNEE " OFAOHEESEN RO
PEAESR, B AT KRR & DREBOR C L BIE - AR W AE YRS REAT RUT TP A8 S R I (2 DR

T

WA H 8 2021-11-17
* HEWH K A AR S & F 4 (62001430) ,2020 4R B 1 448 0T 52 4 80F BIFT H (2020BY101) % B

¢+ 163 -



545 B W F o

FLARAEA BT 5T 2 AR sh Wik 2E 2506, O & R W B 2
F DGR M ZE 70X L EFIEL R EEYY . W
L, R ELCRFOERFES, FRAZE ZF AN
B LA e AU, B R G BB G AR X T B O I R e B
BHRBARLE L,

SN EI PV E SR sl N £ P E Y NE =07
B, 10 Fouassier 2" 3 H 9 T Hiil 0> #2 5% %2 & 4 . Omar
25T VRO 1 R AT 5 O o A 3 o G I R 0 DA B R
2R G 35 T Y R R R A PT E E0 RN R A,
DHEESHRERE S MAN Holter 10 3f 25 AR H A —
A FATHE AT AR LA T L R R AR R i Wi R s .
2T OEFSHRESNAELT LRGN E, L 3M
BT E2HEFTHRY—RIOETREXEFLEFIHAR
IR PR T R R L A GO R B B 2 ARG B AR
KPR AR R B B R R ECH B8, TAT OG0 HL AL
HRBSHEREMUARESTREERIL, RE Huang
AENIA Sun AP i AN R EE R SEBL T 0 LG
BRI SR 4R (B R SE I 2258 A T AT R 25 R SR A R AT
iy AR LA B BEIR A, TR T R N A S AT, E L R
B HHITRES S R EZ S0 MO8 R AR 4=
HLLCHEMEL.CEHTEER Y M EESES NG
SEETR B S AT, IR T OSSR TR S MR R AL

A SCHER T —F 3T MEMS &K & KUr 8RS AR 1
BREOGERERL S ZEE CHE DT B R AL
G REAETHEE R LE. BTSSR
£, HigE A Mm@ = R4 47 & L IEUE = e .
SR I W, SO B 5 1 3 0 0 5 4 B 12 T 4R At
HEZWSEL T ATEF BRI 2R BRI T —M K
HARTE.

1 REiEL

DD E R RER RN RS, EERESRES
WO RGHER W AF R RN TR 12 SO HEF S B
MEMS && & RLF R k. Ko & REHR LWL
R ST IR A BT MEMS K 8K . 8
2 7 v R BRI AR T A e TR AR G BEL U B Y
BT RLBUMBF LT FETOREBR. Z2RFASETH
R SHF AR FPGA J 17 [ 25 RAEEH AR, T 12
SLHREIZ M T DSP AT ALBE R 27 U7 R T T 1 R
RS EORE HERR HUR A, B R i LA ALEE
MySQL $i¥ls e 5B T RE# I REN RS F A4
B HAZLO A BE RN B O A B A BT CNN M 46 1Y
[l 5475 b B 52 I, SE I AR AR B R B FTP IR 40 1% 4
TAEB L MREBE S S EEH, BERER LN
T 2B FERAE LR SR B R AR K
RS R G W B AR ES MR IR AR 1 7w .

¢ 164 o

WEZIAHE
Main.py

1
i HERSERECS
1
1

___________________________________________

e

: Ff
| £
I
I
I

HAm b T
+
ZBRE SRR HT

T
_______ 1
PSS ST ER: le— R R
1 1

RSBOERER| |SFEOLTEBE

Bl ARG RER

Hira5L0EFE5REAMBEFENE 2 fix, 12
FEELHCRE ST HIEEE RACLACRL.LL. VI ~V6 i
BAL S B F BB E T ORI B X Y, [F A
RIEAKLTMLEMGES" . AT B 2HF/IES,
TEELE LR A4, B A 600 Hz LLF, WK, ZE5%
TEXE S IITIRE R ER A AR R ERE RS
% FTP hEM = = IR 55 4% 75 BUB B2 1 .

A 2

CHLFESREME

2 WHRSRT

ARGRA A EEIH R MEMS & 87K U7 #% 7% 18
RSO E RS AT IR BUCR A M A 240 7 R T
B SRR IREE A D SRR R N
Foo i B BT U ES H A9 ADS1298 it S8, £ 4% FPGA
o Fr ik XC38100, JG i 7 5 Ab 3 L % B AD8226.
AD823A FI AD7091R 5 A5 5 W IR RS A/D b3,
HPEH P RS INE 3 B .



BRI F .ok FRETRFHFREMNT &5 RAERFR %3

5 | R | —
B ¥
i;: ¢—’ Tk B ‘
L L] =
- h 4 %
12 %
5 >

B3 R IER

3 BmHFRSZIEIT
3.1 EENZEHRERS

FUMAGRKERH QH L, FEDREN . RE T
ML A Ol D F S P EBRERTBSEISA T
A57 ML 5 S B AR T B0 5 R 570 AL L O 5 9 0 0R E 5 BL
AR D FSEREIE 5 S G e A B AL 8
Al2Wi %, HFHN R REREBNE 4 5N,

R

N

Y

Pk
M3 e

N v
SR s i 17
LAY

Y

FRRERH

)

SR
BREE
|

AR AR & S > G

B4 LRplemE

3.2 HEERIRMNEELHR
H R A AR BE 2 ) B BB RN B35 i Python 1554

PG BT BTE o iR 55 b s SERPR A B /L O3 B AR
Bat 25 &M Rgd FTP Uil b 4% 3 1 77 5
MySQL %fis B s 7= iR 55 A L T000 30 28 B TR B 2 o) 0
SRR B v E R AON) B PR Fb S I A Ak A 40 R E AT S
IR S R B A R AT bl Ak 2 o A S O U A B
REWE RS S RBER. B 5 MR EES
SRS H R EEA AT ONN 1 2 44
el 5 FAL G,

B 5 ARG

BRI ARG T EMZ AL RS 62 B R
BHEY 5 8K P S A BB B 4 R 4% b, R T LA
RILLEHFFESTHRIEASEZL B BENGEHRA £
T 15 5 AP 25 B9 S TR U A 2 L B s B AR R A
B B8 U 43 2800

4 KBHEREHFWN

4.1 UFRZENR

T8 F G RE A TT K 52 IR * H 2547 R g L&
WL 6 AR A BRI, A T RIE RSB AR
A S R E L BN R GE AT D BRI Hoh b i SR
WS B T W LR AR E 12 RBRLR

B 6 AL R

HNEIE MEMS B E#R L E R ENZ RS R RED W
O T 55 00 52 A0 o v, 2 OR F MEMS Urig 33k f
SM TS HEL R [/l — SEE R R0 F SR E mE 7 5
S IRE N — O FESHAT . 3M T2 2 R E MO
FE R EE/NT MEMS O HFHELREOCHFSHTRE
. MEMS 7228 R4 8 5.0 F 15 5 T 1R 15 48 %4HE U,
7 0.86 V,U, 7 0.0097 V;3MUTi2Z8 REFN WO &EFS
JEME U, 4 0.308 V,U, 4 0.0038 V, I (L)il&4E
FU R ARG RERNNOFESEMELL R 40 dB T
3M B FITi2 AR 38 dB.

SNR = 201g<%§£) D

2

+ 165 o



545 B W F o

F R K

AU, AERRER O FF SR RIBENAEXE.U,

A A 25 SR B 1 B S {5 S R IR AR 48 XA
e SV 15 2%
15 h“a!} A mwax ”i SRS VRS \«L %ﬁ»xWWMLH\&WW’-%
—MEMSH)?V%%%
>
L;gé 10}
05+
' Hm/s '
B 7 MEMSUi2#5 3M iz 8%t
4.2 LEOCERTES

WA 8 7R s SR A MEMS .0 3 48 3k FAR /Ot o B
[0 RE MR E LR MBEINELEN T L L oh 508
FAES . AE 8 HLIE E . LG58 QRS JEREALL
BRSNS MS, PR i, UriERm, LaES R ik
e 5.0% S FBNBL 0| T ITOHES, AfHEE. W
W AR SCBETH RO H L TR 2D R R G R AR AL L
TR BAREF AR e, AN, B 8 1] LA M A 5
BB T LT IRE/DNTHE 2 0 F, JF HAE WA A7

WARE .

HRIE/V

BTT]/S

K8 LoELF RS EST

— R TR R R REN S BLF
?ﬁﬁﬁﬁ HsFrEl’JTﬁ P 0

W T B
5 A 7] 2R S F 5 02

¢ 166 -

1, 25 SCSR & T AR #E 3B Scientific A0 it 5 W7 32 1] 5 41 4 oft
AW 2 0ERESHM T AMBRENROGES. &1
WE 9 i, AE 9O T LB 5 B [F 25 5 i F 22 i 35
WIE P REZR T ESRBE (AR 2 0 S,
H S R K7 Erb XK (E) A sl Bk X (PY 5 Z R | IX
(EWRBE 208 S, SRR UHE=ZRBR (D FE
PR E R WH SR, o W B IR AT RE A O R TR 4 A
B o 5 A 5% AT BT 30 NI 9 (b) W] DL M AR IR B AR R
Bl XN 5 D FEESREFEES  Hh FIRKX
AMF2LES EHEILES BRAKEBLZ; ZREX
(M) i s ik X (P) L £330 k5 W72 X Erb(E) . =R |X
(DX RS, RIS S B, mHHEEL S BiEss
T B I R A, HLAF AR X (VD B A I R, A3 T 0 B
FHEREE RREERERR. W ZFZHREN
5 R RZE O F AR5 I i 3 B T8 7T LAXT B0 i Wil s
HEB 1 AT

TN O FEAE S AT NS 4 R E
B AT RIT T A A B F SRS EE, E 9
M(D IR WTLUE B3 F F—FR, AR U2 X F R &
B0 75 5 B I AR B T 22 R v R B I A 2
AR BTRL 8 IR A0 T A 5 R AT R I )
AR S T, BRA R REFIHCHE LT RBE
BT A ZOH TG PR 0 BB 9 B 4 B2 IR, O o B 0 12 BB
RILFEZH RS
4.3 EEISHTIRE S S EE &N

L 5 4r 20 F IR B BN (EH (N 4R
B (MR, EEI kA% (AS) 48 B FEE 22 35 (MVDP) |
RIS AE (MS)O R B 5 # HE 1Y I B 2 ) AL A0 S
MUHERE & LB MRS T 95%., EdF AT
VR0 B R B VR BE S I B R R B R A2 09 1 028 I IR
o B E— 2 UL 25, 0% 1 028 B4 4 628 il Yl 45
4,400 B MEA4E . BT YNGR R S0 40, LA S I 2 o
RYEFRTE 9500 LA b SRJE I 4 X A Ak S Ry R B 3k A7
R EAE, H 5 A2 RS Wi a3 1 s R4 5 4
FAR MR E T 90%.

K1 LETESEERE
2w AS MR MS MVP N
HER /% 90. 2 97.3 90.5 95.1 100

K R R B 2 o) B RE VB B0k 4 1 D W AT R T B
B2 B 5548 -6 5 0 PR HE AT SE B AR AR . B R
TR oE 2 B AR 5 AR GUH Tl PR SE PRt . 18] 10 24 5K B il
AR P 10 aTRUE i, IR R G H B as B T il ik &
bR T L5 48 R SR 05 A 0 90 02 5 B PRk i [e] 5 e 22
W2 SR L X A B i R 0 HEE 9K A 12 T R B TR Y B T (O
RIS



F TE)/s
(o) R AT I R S I

A9

B 10 BRES LR

ARICHFFE BT B0 O R R E R BRI RS,
KebriE 12 FLBESS 5 BOEESHT 2D RE,
iR 2R T M RS T s B0 0 T L 23 57 R SR R A E RO R
A S BPE AR AE 0 ST P 1] R, B 2% 7 O F Rl B R A A
O R BARTI AT . T SE A 2 BRI SR T R R 5t
T R BB G L 3 M T2 884271 2 dB, I+ HLBE
LI HEOFETRERRE. A5 EZRE PR
B REVUN B AR L BEA T T R LM R BE 2 WK 4

BAER F. o5 CFRETRAFTHEAMN T ESRHBAFR 31
100 B 249~503 Hz
4F 5 124~251 Hz
EEG22-126 1z
g0 L 8311628 Hz
e
b
53 60 F
> 2r IR i I
= ; i i
I ¥ £
B " B4t
1r s
4 ] i §
- 4 ] :
H I3 20 L
ok
‘ ¢ ; j - i }
~A 0t -
4 . . . : |
0 | 2 3 4 5 E P T M
B [E)/s S E
()20 R 4 R B (D)2 RE S PR R
100 - B 249~503 Hz
124~251 Hz
62.2-126 Hz
w0 L E531.1-628 1z
T a3 60 F
il -
P
B A0L
20 +  ,
M

VSR AL E
(D ZRIB = SIB R i

5 B F R T as R

WE, H 4 MR T s 90 %, dE— 05 AR U AT BT Y
R iriaiftl, BHE TEEFELNRE TR EY T 20
BN ECIEET SRR HEEARS
HZ ARG ERBRERZIR, R T# - 2E
LI R T 2R G001 DR 0L A T 4 R A 1

B K

(11 SE#.25 BP. %5 B EER OISR R E
RO L] I EERR 422021, 36 (1) - 4-13,
DOCK W, ZONERAICH S. A diastolic murmur
arising in a stenosed coronary artery[J]. American
Journal of Medicine, 1967, 42(4).617-619.
SANGSTER J F, OAKLEY C M. Diastolic murmur ol
coronary artery stenosis[ ] |. Heart, 1973, 35(8):840-844.
FOUASSIER D, ROY X, BLANCHARD A, et al.
Assessment of signal quality measured with a smart
12-lead ECG acquisition T-shirt [ J ]. Annals of
Noninvasive Electrocardiology, 2020, 25(1);cl2682.
OMAR J E, WILLIAM D L, GILBERTO P, et al.
ECG

characterising bipolar lead sets along the lelt arm in

[2]

(3]

[4]

[5]

Data-driven denoising techniques [or

wearable long-term heart rhythm monitoring [ ] J.

+ 167



%

45 & %, Al

%

F R K

L6]

7]

L8]

L9

L10]

(11]

[12]

[13]

[14]

[16]

[17]

Electronics, 2017, 6(41):81-81.

X, HE T O SO Y T 2R B0 FEL AR B I O vk B s
By AFgE[ D] R REAK %, 2018,

XUW Z,YU K, XU J J, et al. Artificial intelligence
technology in cardiac auscultation screening for
congenital heart disease; Present and future [J .
Zhejiang Da Xue Xue Bao, Yi Xue Ban Journal of
Zhejiang University, Medical Sciences, 2020, 49 (5) .
548-555.

HUANG B, ZENG Q N, LONG C. A portable ECG
and PCG
Android platform[J]. Modern Electronics Technique,
2016,39(2) .85-88.

SUN K, PAN J H, YAO R P. Real-time acquisition
of PCG and ECG based on APSoC heterogeneous
system [ J]. Journal of Yunnan University: Natural
Sciences Edition, 2020,42(6) :1072-1079,

LI H X, ZHANG G J, REN Y F. Heart sound

detection of coronary heart disease based on MEMS

real-time acquisition system based on

stetho-scope [ J J. Micronan-oelectronic
Technology, 2020,57(8): 657-664,
ARI S, HEMBRAM K, SAHA G.

cardiac abnor-mality from PCG signal using 1LLMS

electronic

Detection of

based least square SVM classifier[J]. Expert Systems
with Applications, 2010,37(12) :8019-8026.
KIRANYAZ S, ZABIHI M, RAD A B, et al. Real-
time phonocardiogram anomaly detection by adaptive
1D convolutional neural networks [ J]. Neurocomputing,
2020, 411:291-301.

RUFFO M, CESARELLI M, JIN C, Non-

invasive foetal monitoring with combined ECG-PCG

et al.

system[ J |. Biomed. Eng. Trends Electron. Commun.
Softw, 2011; 347-366.
PHANPHAISARN
WARDKEIN P, et al.
based on ECG and EPCG relationships[ ] ]. Medical
devices(Auckland, NZ), 2011, 4. 133.

LI H, REN Y, ZHANG G, et al. Design of a high
SNR electronic heart sound sensor based on a MEMS
bionic hydrophone [ J]. AIP Advances, 2019, 9 (15005):
1-10.

PEI Y, WANG W, ZHANG G,
Implementation of T-type MEMS heart sound sensor[]].
Sensors and Actuators A: Physical, 2019, 285:308-318.

EGLE K, HAROLDAS R, DAN ] M, et al. A

comparison ol electronic and traditional stethoscopes in

W, ROEKSABUTR A,

Heart detection and diagnosis

et al. Design and

the heart auscultation of obese patients[]J]. Medicina,
2019,55(4):94.

168 -

[18] YASEEN,SON G Y, KWON S, Classification of heart

sound signal using multiple features [ J ]. Applied
Sciences, 2018, 8(12),23141.
I.IS, LT F, TANG S, et al. A review of computer-

aided heart sound detection techniques[J]. BioMed

[19]

Research International,2020.1-10,
WUMT, TSATIM H, HUANG Y Z, et al. Applying

network with

(20]

an ensemble convolutional neural
Savitzky Golay filter to construct a phonocardiogram
prediction model[J]. Applied Soft Computing, 2019,
78:29-40.

ABDUH Z, ALl E, WAHED M A, et al

Classification of heart sounds using fractional Fourier

(21]

transform based Mel-frequency spectral coefficients

and traditional classifiers [ J ]. Biomedical Signal
Processing and Control, 2020, 57:101788.
[22] WAHED M A, KADAH Y, ABDUH Z

Classification of heart sounds using fractional fourier
transform based mel-frequency spectral coefficients
and stacked autoencoder deep neural network [J .
Imaging Health Inform,2019,9(1):1-8.

LANGLEY P, MURRAY A. Heart sound classification
from unsegmented phonocardiograms[ J]. Physiological
Measure-ment, 2017, 38(8).:1658-1670.

GHAREHBAGHI A, LINDEN M. A deep machine

learning method for classifying cyclic time series of

(23]

[(24]

biological signals using time-growing neural network[]].
IEEE Transactions on Neural Networks and Learning
Systems, 2017:1-14.
KAUR A, GARG M. A review on deep learning
methods for classifying cycle time series of Biological
signals using neural network[ J]. International Journal
of Trend in Research and Development, 2018,5(2):
2394-9333.
fEEE N

WA AT LA, TEMS J7 1 A MEMS B J7 £ 1%
E-mail : zangjunbin(@163. com

BRIE. Eot5R4, FEMFEF M MEMS S 5l 4.
E-mail:s1906213(@st. nuc. edu. cn

mEE, B LR A, FEMR R E Y,
E-mail: xiang. menghui@ foxmail. com

WRER.RIBE, EEWR I REF &SNS RE
¥,
E-mail; zdzhang(@nuc. edu. cn

EBRMGEGES . #U%. FEW L /rimy MEMS /=%
s EIT BRI R G R EY .

E-mail: xuechenyang@nuc. edu. cn



