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Healthcare of elderly and people with neuromuscular disorders or diseases 
after discharge from the hospital has been one of the highest priorities in the 
last decade. The increasing number of aged population significantly increased 
the number of outpatient services, interventions and consequently affected the 
health care budget. Application of novel technologies, e.g. wireless 
technologies, smart sensors and efficient mathematical algorithms, may 
contribute to the less frequent outpatient services due to the possible remote 
monitoring of major life functions such as blood pressure, heart rate, weight, 
mobility, facial changes, movement patterns and others. Analysis of these 

major biomedical parameters has been possible with efficient mathematical algorithms and signal 
processing of measured signals. The measurement technology is nowadays already available on the 
market and sometimes even off the shelf devices can be applied as assessment tools. More 
sophisticated sensors can be integrated in the home equipment; oven, bed, floor, mirror, bedding, 
refrigerator, accessories or even clothes.  

Hereby we present a contactless solution for basic health parameter surveillance like heart rate, 
breathing frequency and movement during resting or sleeping in the bed. Two optical wires were 
integrated into the bed sheets in a way that the technology was not hindering the person while lying 
on the bed. The optical fibers were extremely sensitive and could detect any mechanical vibration of 
the wires caused by sound, movement, etc. Thus the breathing frequency, heart rate (1) and the 

-processed signal. The heat rate was detected from 
the changes of the interferometric signal, caused by mechanical deformation of the optical fibers 
placed in the bed mattress. Heartbeats induced the vibro-mechanical deformation and resulted in 
changes of the optical signal. The heart beat and the heart rate were extracted from the interferometric 
signal using signal zero-crossings and filter banks. A linear combination over Morlet wavelets at 
different scales was applied.  
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The heart rate was defined as sum of wavelets, defined by the criteria of center frequency between 0.8 
Hz and 2.8 Hz, where the spacing between the central frequency and the neighboring wavelets was 
0.015 Hz (2). Similar wavelets algorithm was applied for the breathing frequency, with different center 
frequencies between 0.2 Hz in 1 Hz, with 0.006 Hz spacing. Heart rate and breathing frequency 
detection was tested in 10 healthy volunteers without any dysfunction or disease, and 10 healthy 
volunteers with heart arrhythmia. Accuracy was more than 95% with negligible standard deviation. 
Sensitivity at breathing frequency detection was around 84% with standard deviation 11% and             
a c c u r a c y  a r o u n d  8 2 %  a n d  w i t h  3 %  s t a n d a r d  d e v i a t i o n . 
After each assessment the data were transmitted to the database and from there selected data were 
available via secure user interface world-wide (Fig. 1). A sensor network information and fused 
information from the relevant database provide the medical experts enough data to decide on the 
necessity of the outpatient visit or intervention.   
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