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ECG and SCG share information on the cardiac cycle and allow 
for inference on the same pathologies 
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Amirtahà Taebi, Brian Solar, Andrew Bomar, Richard Sandler, and Hansen Mansy. 2019. Recent Advances in Seismocardiography. Vibration. https://doi.org/10.3390/vibration2010005 

According to the overview article of Taebi et al., SCG signatures include various important feature 
points of the cardiac cycle, including:  

peak of atrial systole (AS),  
mitral valve closure (MC),  
peak of rapid systolic ejection (RE),  
peak of rapid diastolic filling (RF),  
isovolumetric contraction (IC),  
mitral valve opening (MO),  
aortic valve closure (AC),  
aortic valve opening (AO),  
isovolumetric movement (IM),  
rapid diastolic filling time,  
isotonic contraction (IC),  

isovolumetric relaxation time (IVRT),  
left ventricular ejection time (LVET),  
maximum acceleration in aorta (MA),  
total electromechanical systole period (QS2),  
pre-ejection period (PEP),  
maximum blood injection (MI),  
isovolumetric contraction time (IVCT),  
left ventricular lateral wall contraction peak velocity (LVC),  
septal wall contraction peak velocity (SVC),  
trans-aortic peak flow (AF),  
trans-pulmonary peak flow (PF),  
trans-mitral ventricular relaxation flow (MFE),  
and atrial contraction flow (MFA). 
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Tero Koivisto, Mikko Pänkäälä, Tero Hurnanen, Tuija Vasankari, Tuomas Kiviniemi, Antti Saraste, and Juhani Airaksinen. 2015. Automatic detection of atrial fibrillation using 
MEMS accelerometer. In Computing in Cardiology. https://doi.org/10.1109/CIC.2015.7411039 

[3]

This hypothesis is supported by various observations described in related work: 

• changes in ECG and SCG signals due to ectopic events [1]  

• changes in ECG and SCG signals associated with changes in coronary blood flow [2] 

• changes in the signature of ECG and SCG due to AFib [3] 

‣ Koivisto et al. report an accuracy of 100% in separating positive atrial fibrillation 
(AFib) samples from negative AFib samples via SCG signals
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  The MagIC device might also be used to investigate sudden 
changes in the SCG waveform in response to fast specific 
events, lasting at most few seconds. Obviously in these cases 
the SCG cannot be averaged, and the features of interest 
should be extracted from a single waveform. Figure 8 shows 
an example of the SCG behavior in a healthy subject during 
sleep at high altitude, while a hypoxia-induced central apnea 
occurs. It can be noted how different phases of the apnea, 
known to importantly modify the cardiovascular mechanics, 
are reflected by marked changes in the structure of the SCG 
waveform.     
   A second example of the system ability to catch dynamic 
changes in the SCG waveform is illustrated in figure 9. In 
this case the recording was performed in a subject 
experiencing arrhythmic episodes during the day. The 
mechanical and hemodynamic effects resulting from the 
occurrence of premature contractions are reflected by 
changes in the SCG waveforms. The structure of these 
changes appears to be different according on whether the 
ectopic event influenced (fig 8, arrow #1) or did not 
influence (fig. 8, arrow #2) the rhythm regularity.     

IV. DISCUSSION AND CONCLUSIONS 
In this paper we proposed a modified version of the  

MagIC system, a textile-based wearable device for the 
unobtrusive recording of vital data, to measure the sternal 
SCG in daily life.  
This study represents the first testing of the system in the 
assessment of SCG out of a laboratory environment. Our  
positive observations open the possibility to assess SCG (and 
thus derive information on the cardiovascular mechanics) in 
a wide range of conditions almost without interfering with 
the subject’s activity and independently from his/her posture. 
We observed that in our test subject about 30 seconds of 
motionless behavior were sufficient for a stable estimate of 
the average SCG waveform (at least for the BCG 
component). During spontaneous behavior the subject is 

likely to stay still for at least 30 seconds several times in a 
day, thus our finding, to be confirmed in a larger population, 
suggests that the SCG might be repeatedly estimated and 
tracked over time through a prolonged data recording. This 
would allow the analysis of SCG as a function of the posture 
(standing/sitting vs. supine) during daytime recordings, or of 
different body positions when sleeping at night.  

Additionally, the simultaneous recording of other 
physiological signals (ECG and respiration), currently 
featured by the MagIC device, might further facilitate the 
analysis and interpretation of SCG results. For instance, the 
available information on the inspiratory and expiratory 
phases of breathing (through the textile plethysmograph) can 
greatly simplify the quantification of respiratory related 
modulations in SCG, which have been previously reported to 
characterize the ballistocardiographic tracings in space [12].  
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Fig 9 -  ECG, respiration and accelerometric z component of the 
Seismocardiogram (SCG) during arrhythmic events. Arrows and 
horizontal bars indicate SCG waveforms produced by ectopic events 
that modify (#1) and do not modify (#2) the rhythm regularity.  
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Transform SCGs into ECGs by applying Artificial Intelligence 
(Deep Convolutional Autoencoder Network)
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CEBS Dataset: 

Participants 
The mean age of the sample (n=20) is given with M: 24.4, SD: ±3.10 years. The 
sample consists of 12 male subjects and 8 female subjects of Caucasian 
ethnicity. The tested subjects are referred to as presumably healthy. 

IEEE Dataset: 

Participants
A group of 29 healthy volunteers (all male). Demographics are given as follows: 
age of M: 29yrs, SD: ± 5yrs; height of M: 179cm, SD: ± 5cm; weight of M: 76kg, SD: ± 
11kg; BMI of M: 24kg/m2, SD: ± 3kg/m2 [24].  
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F1 = 2 ⋅
PPV ⋅ TPR
PPV + TPR

=
2TP

2TP + FP + FN

harmonic mean of precision and sensitivity: subject F1 Score

s01 0,96

s02 0,94

s03 0,99

s04 0,97

s05 0,97

s06 0,99

s07 0,97

mean 0,97
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•Record an ECG without electrodes (no rash or skin irritation, no 
faulty electrode placement) 

•No specific device needed, since smartphones etc. are already 
widespread (inexpensive solution that can be rolled out via an app 
update) 

• Ideal for rural areas and third world countries 
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•Recording of pathologic SCG and ECG signals 

• Integration of Machine Learning for identification of pathologies 
in transformed signals (e.g., AFib) 

•Transformation of more than one ECG channel (e.g., 12-lead ECG) 

• Investigation of alternative sensor technologies (e.g., radar) 
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