
  

 

Abstract— Using the Ballistocardiogram(BCG) measured on 

weighing scale, heart rate variability(HRV) and blood pressure 

were estimated. BCG was measured while subjects were on 

weighing scale in resting state and under the Valsalva maneuver 

and static exercise condition to induce the change in cardiac 

autonomic rhythm. Time domain, frequency domain and 

nonlinear HRV parameters were estimated from the measured 

BCG and compared with the ones calculated from ECG 

measured simultaneously. For blood pressure(BP) estimation, 

ECG was measured additionally on the feet using dry electrodes 

simultaneously installed on weighing scale and R–J intervals 

were extracted as a BP correlated parameter  at every beat cycle. 

HRV estimation results shows the correlation higher than 0.97, 

and the estimated BP was similar to the measured BP with a 

reliable correlations.  

 

I. INTRODUCTION 

Ballistocardiogram(BCG) is the record of mechanical 
force created by the changes of centre of gravity of the body 
caused by heart beat and blood circulation [1]. The BCG has 
been reliably used to evaluate myocardial strength, functional 
recovery from heart attacks, and degrading cardiac health 
[2-4]. But, the BCG has not yet been used as a clinical tool in 
the hospital due to its morphological variation even in healthy 
populations [5].  

With regard to home healthcare, the BCG has some 
advantages over ECG. BCG can be obtained easily without 
contacting electrodes, measured as a piece of daily using 
equipments, and used long-term monitoring of cardiovascular 
systems. While beds and chairs are considered as the most 
suitable equipments for measuring BCG with sensors installed 
in them, weighing scale is also introduced as useful equipment 
for measuring BCG and evaluating cardiovascular functions 
[6-10]. 

Weighing scale is the one of the most popular equipments 
easily found in ordinary home. Its nature of measuring 
mechanical force of gravity makes measurement of BCG more 
convenient without using additional sensor.   Sensitive load 
cells can be used for measurement of BCG as well as body 
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weight. In addition to load cells, electrodes also can be 
installed on weighing scale surface which can be used to 
measure ECG from feet of subject.  Since weighing scale is the 
daily using equipment, if the BCG and ECG are measured 
from weighing scale, it is very helpful to evaluate the 
cardiovascular function of the subject living in home daily.  

In this presentation, we summarized the HRV analysis 
based on BCG measured on weighing scale and blood 
pressure estimation based on BCG with extra electrodes 
installed on weighing scale. 

 

II. MEASUREMENT SYSTEM 

A. BCG Measurement 

 Feet ECG Measurement

 

C. Reference signal measurements   
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Figure 1. Weighing scale for simultaneous measurement of BCG and ECG 

 

D. Experimental procedures   

 

 

III. PROCESSING AND ANALYSIS 

After data were collected from the experiments, they were 
processed to increase SNR and extract the parameters which 
can be used for the evaluation of autonomic modulation and 
blood pressure estimation. 
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Figure 2. Synchronized averaging for ECG R-peak detection 

 

IV. RESULTS 
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Table 1. Comparison of BCG derived HRV parameters to ECG derived in 

three experimental sessions 

RE(%) r RE(%) r RE(%) r

AVNN (sec) 0.00 1.00 0.00 1.00 0.01 1.00

SDNN (sec) 2.52 1.00 2.46 1.00 2.13 1.00

RMSSD (sec) 8.69 0.98 9.18 0.98 9.68 0.98

pNN50 (%) 16.86 0.99 16.83 0.99 n.a. 0.98

VLF (sec2) 0.43 1.00 0.81 1.00 0.47 1.00

LF (sec
2
) 2.58 1.00 3.92 1.00 3.31 1.00

HF (sec2) 10.28 1.00 10.16 1.00 13.74 0.99

nVLF (a.u.)  3.19 1.00 2.51 0.99 3.37 0.98

nLF (a.u.) 2.86 0.99 3.26 1.00 5.50 1.00

nHF (a.u.) 7.65 0.99 7.99 0.97 11.53 0.98

LF/HF (a.u.) 10.64 0.98 10.30 0.96 19.07 1.00

TP (sec2) 3.41 1.00 2.82 1.00 3.62 1.00

SD1 (sec)  10.69 0.97 13.17 0.97 14.22 0.97

SD2 1.07 1.00 1.46 1.00 0.83 1.00

α1 5.38 0.89 5.24 0.96 7.98 0.93

α2 0.39 1.00 0.72 1.00 0.40 1.00

ApEn 2.38 0.86 8.58 0.81 9.74 0.91

SpEn (a.u.) 1.24 0.85 2.12 0.96 2.08 0.94

Average 5.01 0.97 5.64 0.98 6.33 0.98

Time

domain

Frequency

domain

Nonlinear

analysis

Rest Valsalva Post Exercise

Parameter

 
 

 SBP, DBP and MAP were estimated for ten subjects during 

using R-J interval calculated from BCG 

and ECG measured on weighing scale. Calculated R-J 

intervals show the correlation of -

V. CONCLUSION 
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