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Acquisition, feature analysis and application of ballistocardiogram signals

LI Qian, WANG Fei, LIU Qian, HUANG Qijun, CHANG Sheng, HE Jin, WANG Hao
School of Physics and Technology, Wuhan University, Wuhan 430072, China

Abstract: Objective To explore the intrinsic relationship between ballistocardiogram (BCG) signals and electrocardiogram (ECG)
signals for improving the value of BCG signals in clinical application. Methods BCG signals and ECG signals were simultaneously
acquired, and the J wave of BCG signals was extracted by wavelet preprocessing and adaptive template matching for obtaining
the cardiac cycle interval duration of BCG signals which were then compared with the cardiac cycle interval duration of the ECG
signals acquired at the same time. One-dimensional convolutional neural network was used to establish a reconstructed mapping
of BCG signals to ECG signals, thereby obtaining the morphology of the original ECG signals. Results The correlation between
the cardiac cycle interval duration of BCG signals and that of ECG signals acquired at the same time was 98.16%, and the
morphology correlation was 95.44%. Several features such as RR interval, QRS band width and ST band width of the original
ECG signals could be obtained from BCG signals. Conclusion Effective ECG signal characteristics can be found in BCG signals,

which can improve the clinical significance of BCG signals.

Keywords: ballistocardiogram signal; electrocardiogram signal; cardiac cycle; correlation analysis

Z
il

O IR B A = R R B R  m AT
T R N SRR, U T AR
(R DL o O i A 0 B A A AR AE A P R
H 8T AT DG R AR, H i FH )z /) 4
i RS2 3 F .0 # K (Electrocardiogram, ECG) {5 5 1)

[ Y75 B #3)2019-09-11

[E2T1 B | HE ARRIFH4(81971702,61774113,61204096,61404094) 5
PR E AR B H (2042015k£0174,2042014k£0238)

(1EF I 1205, Wl-E0F AL OF50 7 1) : RE TS5 15 5403, E-mail:
rita_li@whu.edu.cn

(B 1EE 1 on &, Wi, 0 W9y i e T R G B4 R 46
(S E)WF % , E-mail: huangqj@whu.edu.cn

O B WP, 32 S A F Al R B i 22 S R R AR B
ECG 7. 2R, B 75 22 5 fR 38 1 B ik B e 2
fike, HLH AL — Sl 22 B, K I ) 4 ] b 3 1A%
fitk iz 22 BT F MBSO I R A R | 3
TF0 wpti ¥ (Ballistocardiogram, BCG ) {i5 5 A AE 4% i
0 E T B W 4P BOR 15 B0 5% N D3 Ok B 2 )
Mo BCGAF FI& A EFN B oK 1L 796 2 Bsf 7 A= 1
TS RE B, B8 S W JUE (4 356 2, BT LS A 0 R
RS Lo FAR St A BT 1 AR A T e A L
i

R4 BCG A5 F FE il it i 8 v A7 — g A 34 (HH:
Il R FH i e /b, 2B [ 2 BCG AR 5 S e 0 JiE
5 Sl A 240 1 RS R R IR A BT . X BCG # ECG
B, HEAWBAX A BCGE S &l T ONEEs)



-84 - rhE R AR AR AR

6 37%:

P2 A 1 12415 5 ECG (5 S M & —F i B 55,
M BCG 155 ¥ DL H W Hb & 5] ECG 15 5 I R 1iF .
DA e A 9 38 0ok W] R 5 BCG {5 5 fI ECG R 5, 4
BT 1 N ARG Z , FIFH SR AS H R 2 57 it , L BCG
R A R ECG 7 S H-IE, M HE = BCGfF 5
(G RIS W Lo

1 BCGIESRE

BCG i T —MJ2# 59 , HoR/hl 1.5~4.0 N7/,
T4 e 48 5t T H A% TR R R AT K FL B 9 AR B, BCG
55 AT AL P R A HRAE S R o =R
AL A 0.1~30.0 Hz, BE 4R TP 7E 10 Hz LA F BIf
T A e ak W U U PR K DR E AR D R I
{18 TR s % A A 5 HEA T ROK 5 d5c e o Ak B 19 £ 5
F ADS7818th i 58 B AU AL, OF i AL L 25K BCG

GO MERRTEPCH I, 5 REMER WA 1
B
T T T T T T T T T T T T T T T T 1
: B 5 KRR LB :
1 N B I
: e L 1L ek !
e _ ottt 1
__________________________ I
i- Aib PR AR AR :
| |
1
| |
Pcﬁf% u P »| ADKFF I
" B L 7Ty P I
I Sh I
| |
- _ — __—_—— ________ |
1 FSREIERE
Fig.1 Signal acquisition block diagram
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Fig.2 Charge amplifier circuit
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Fig.4 Simultaneous acquisition of ballistocardiogram (BCG) signals and electrocardiogram (ECG) signals
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Fig.5 BCG signal preprocessing
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Tab.1 Architecture of convolutional neural network
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Fig.7 Comparison of cardiac cycle interval durations
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Tab.2 Analysis of correlation between cardiac cycle interval durations of BCG signals and ECG signals

B DBkAK AL 3 JE 18] B BCG/ms 3l 98] % ECG/ms ZfH/ms  HMKERE
1 892 965.44 966.81 -1.37 0.992 2
2 789 1 085.61 1087.45 -1.84 0.988 1
3 793 1 089.6 1091.45 -1.85 0.960 1
4 1013 846.67 847.9 -1.23 0.983 9
5 900 907.82 909.41 -1.59 0.984 2
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Fig.9 BCG signal application process
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