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Abstract Ballistocardiography (BCG) is a technique that records the force signal caused by the ejection of
blood into the arteries with each heartbeat. BCG signal can be acquired non-invasively by using polyvinylidene
fluoride (PVDF) sensors integrated in a mattress or chair. In addition to being able to show cardiac rhythms,
BCG signals can also be used for assessing cardiac hemodynamic changes. However, body movements,
sensor displacement, etc. can easily influence the morphological characteristics of BCG signal, which
makes its hemodynamic analysis difficult and even impossible. In this paper, we developed a BCG signal
acquisition system using PVDF sensor. The proposed system can effectively suppress external electromagnetic
interference and result in high signal-to-noise ratio. Specifically, we systematically investigated the effects
of sensor position, mattress hardness and user’s posture on the stability of the BCG acquisition system, and
analyzed the detection performance under apnea and the difference in gender characteristics of BCG signals.
The evaluation results demonstrate that when collecting BCG signals in a lying position, it is better to use a
hard mattress (such as a wooden bed) and place the sensor directly below the hear. When the above conditions
are met, the collected BCG signals waveform is the optimal; the H, J, and K waves are significant and have a
strong rhythm, which is conducive to improving the accuracy of hemodynamic analysis.

Keywords ballistocardiography; polyvinylidene fluoride sensor; non-contact monitoring; apnea
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Fig. 1 Differential circuit for transforming current to voltage
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Fig.2 Synchronalized ECG signal and BCG signal
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Fig. 4 BCG signals acquired at different locations

HxttbE Rk 1 fiom. MR 1 TEH, LT
R A% RS SR i, PG BCG 55
G EEIA AT AT BT B AR RS R AR B RFIAE 5 AL
55, BCG 155X R AT T 7 HfE &S0
WAE S M E R . Bk 4%, BCG 5
SR A R VAR R o N D R RN
fir, X5 BCG 155 A MHLEAHR . MBI K
B, AT OIEIE TN 5 BEER LS FI BCG 5
SRMMEEL. FRE S, S5k BCG F5
ARV, FRTH— P o, XiRE
KRG TH, KL Es BT O IE R 56 Rk
ML E, FrRER BCG 55 =14
32 EKRBEEZN

Ok 55 i S ML RAZ 30t 0 7 s A FH 0o A
7E PVDF a8 SRE b, 7 [F) A B 1 PR 2855
PVDF 14823 AR BCG 5 5H B R A,
AR SCAE AT AR (B J5) « @ R E (IF ) 1K
M BIK G HATIK. Hd, BRI —4
SRl I 7 N D S o EA S 1
5 NARFRXS AL B HEARFFAE AR QAR A,
VRN LS S min SRR IC SR B . Ak
BB THEIEER, BAAwmE s fos.

SFE LT JE GRS 5 0 I AF 5 A A4 B
(Y IF I g0 W WA L O b £ 5 DGR U1 0 Ll 45 SR
K2, N2 JLLEH, BEREETEY
JERERIRE, HGE S e EECH E R BCG
B9 Esr. b, BATHr SR (50 B A R
G815 5 HIFIRGEAS 5 s SO, T BCG Ak
SR HERER (EH) Frillf$ 1 BCG 55
IR % 208258, BCG 55 S B s, HiRHE

x1 FREMEMLEN BCG FSHIFM

Table 1 The influence of the sensor location on BCG signal

LA AL E J5 U e Ve AT IR e 06 A WER/ AR (%) Lot WA O/ R (%)
i 0.560 0.23 41.10 0.38 68.50
EP 0.983 0.43 42.60 0.46 46.90
~ 0.660 0.43 65.30 0.29 44.10
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Table 2 Influence of mattress hardness on BCG signal

PREMTRE JE LRI I I U U PRI/ LG (%) Lot LR (%)
1EH 0.81 0.38 46.40 0.61 74.80
i 1.68 125 74.30 1.11 66.10
LT3 0.81 0.59 72.80 0.32 39.40
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