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MAIN STUDY ACTIVITIES

• Development of a fully automated method to localize heartbeats from cardio-mechanical signals;

• Development and test of a new flexible sensor for Focecardiography;

• Creation of FOSTER: The first public dataset of Forcecardiography; 

• Development of innovative devices to record the mechanical vibrations and sounds generated by
blood flow in patients with arterio-venous fistulas;

• Biomedical  Design methodologies for digital circuits and systems oriented to FPGA – Ad hoc course;

• Strumentazione e Ingegneria Clinica– M.Sc. course;

• 2025 Spring School on Transferable Skills – Type C course;

• Study on the optimization of Cardiac Resynchronization Therapy (CRT) parameters via
cardiomechanical signals. (research period at University of Zaragoza, Spain, ES from 5° October 2025 to 
31° October 2025)

• Blood pressure estimation via the calculation of the pulse transit time (PPT) (research period at University 
of Zaragoza, Spain, ES from 5° October 2025 to 31° October 2025).
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RESEARCH FIELD

CARDIO-MECHANICAL MONITORING TECHNIQUES

Seismocardiography (SCG)
• Measures chest vibrations caused by heartbeats via

accelerometers.
Gyrocardiography (GCG)
• Detects rotational heart movements via

gyroscopes.
Forcecardiography (FCG)
• Measures vibrations related to heart contractions

via broadband force sensors
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Innovative devices and methods for cardio-mechanical monitoring 



Non-invasive ECG-free methods to localize heartbeats 
from cardio-mechanical signals
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METHODOLOGY AND RESULTS

A template matching approach, based on normalized cross-correlation
function (NCC), was developed to localize heartbeats in cardiomechanical
signals, such as SCG signals.
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A fully automated method to localize heartbeats from 
cardio-mechanical signals
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METHODS



A fully automated method to localize heartbeats from 
cardio-mechanical signals
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RESULTS

HEALTH CONDITIONS SIGNAL NSUBJECTS NHEARTBEATS SENSITIVITY (%) PPV (%)

Healthy

SCG 49 79937 97.8 96.7

GCG 29 12259 96.2 94.6

dHF-FCG 6 1434 99.2 99.3

Pathological
SCG 77 33265 85.2 95.1

GCG 95 40527 85.2 94.9

HEALTH 
CONDITIONS

SIGNAL NIBI SLOPE INTERCEPT (ms) R2

Healthy

SCG 77239 1.002 -1.5 0.9996

GCG 11605 1.002 -1.4 0.9997

dHF-FCG 1405 1.001 -0.8 0.9996

Pathological
SCG 25359 0.997 3.0 0.9989

GCG 30765 0.997 3.0 0.9986

HEALTH 
CONDITIONS

SIGNAL NIBI BIAS (ms) LoA (ms)

Healthy

SCG 77239 0.0 [-5.0; 5.4]

GCG 11605 0.0 [-3.8; 5.0]

dHF-FCG 1405 0.1 [-4.3; 4.2]

Pathological
SCG 25359 0.0 [-11.0; 11.0]

GCG 30765 0.0 [-13.0; 13.0]

Linear regression and correlation analyses Bland-Altman analysis



Development and test of a new flexible sensor for 
Forcecardiography;
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WHERE DID THE IDEA COME FROM?

FORCECARDIOGRAPHY

lead-zirconate titanate (PZT)
1. Is not flexible and have a rigid structure 
2. susceptible to thermal drift
3. contains up to 60% lead by weight

Flexible FCG sensor based on a 
piezoelectric polyvinylidene fluoride 
(PVDF) transducer.



Development and test of a new flexible sensor for 
Forcecardiography;
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METHODS

Flexible FCG sensor based on a piezoelectric PVDF transducer.



A fully automated method to localize heartbeats from 
cardio-mechanical signals
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RESULTS
p-value < 0.05
Pearson’s correlation coefficient = 0.96 Sensor Signal NIBIs R2 slope intercept 

(ms)

PVDF
dHF-
FCG 13412 >0.99 1.001 -0.938

HS-FCG 10023 >0.99 1.002 -1.273

PZT
dHF-
FCG 13495 >0.99 1.002 -1.847

HS-FCG 9519 >0.99 1.002 -1.743

Linear regression and correlation analyses on IBIs vs ECG

Sensor Signal bias (ms) LoA (ms)

PVDF
dHF-FCG 0.00 [-5.300; 5.000]

HS-FCG 0.00 [-4.200; 4.400]

PZT
dHF-FCG 0.00 [-6.100; 5.700]

HS-FCG 0.00 [-4.800; 4.200]

Bland-Altman analysis on IBIs vs ECG

Signal Sensor NIBrIs R2 slope intercept (s)

FRG
PVDF 2752 0.967 0.994 0.019

PZT 2720 0.963 0.993 0.020

Signal Sensor bias (s) LoA (s) CILoA max(s)

FRG
PVDF -0.003 [-0.505; 0.504] [0.467; 0.590]

PZT -0.003 [-0.550; 0.557] [0.490; 0.633]

Linear regression and correlation analyses on IBrI Bland-Altman analysis on IBrIs 



FOSTER
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NEXT YEAR

Salvatore Parlato 14

Objectives for next year:

• on the topics covered during my period abroad (optimization of CRT
parameters and Blood pressure estimation via FCG sensors).

• Forcecardiography, particularly its use in non-invasive cardiac output
estimation;

• development of new sensors to record human body mechanical
vibrations.



THANK YOU
FOR YOUR KIND ATTENTION
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