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   Uncertainty factors in time-interval measurements in 
ballistocardiography

  Electrical Impedance Spectroscopy cell monitoring in a 
miniaturized bioreactor
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There is a growing interest on measuring time intervals be-
tween the J peak of the ballistocardiogram (BCG) and several 
features of other cardiovascular signals in order to obtain car-
diovascular function markers. Nevertheless, further analysis 
of the uncertainty factors involved in these measurements is 
still needed to advance towards the necessary future stand-
ardization in this reemerging biomedical engineering field. In 
this paper we analyze the effect of system bandwidth, phase 
characteristic of filters, SNR, and power-line interference on J-
peak time measurement. We conclude that system bandwidth 
should exceed 25 Hz, but filters with that cutoff frequency in-
troduce 7 ms delay that increases with filter order. Further, SNR 
and power line interference levels close to those commonly 
found may lead to remarkable displacements of the J peak.

Electrical impedance spectroscopy measurement of biologic 
materials provides information about viable cell density as 
well as cell size and shape homogeneity. Several experimental 
and even commercial biomass density probes have been de-
veloped both for cell suspensions and monolayer cell cultures 
in the last twenty years. This communication describes the 
development of a set of electrodes and circuits designed to 
add viable biomass density measurement capability to a set of 
single-use miniaturized bioreactors. Two applications: adher-
ent animal cultures and generic cell suspension cultures drive 
to the need of providing two electrode sets and two measure-
ment systems with different frequency ranges. 
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Measurement of two yeast settlements over IME  (green) 
and discrete spot (red) electrodes 

Effect of (a) bandwidth, (b) phase on the time uncertainty of 
the J peak

09BM098 

09BM109


