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The non-invasive monitoring of respiration-rate has potential applications in
health monitoring, hostage rescue, triage and athletic performance monitoring. The
use of impulse-based UWB signals in the robust detection of chest-cavity motion and
the accurate estimation of respiration and heart-beat rates, even in the presence of
physical obstructions between the subject and the UWB antennas, was demonstrated
in [1]. Signal processing algorithms were developed to estimate respiration and heart
rates and their accuracy was demonstrated using measurements.

The coefficient of reflectivity of air-to-dry-skin interface for electromagnetic
waves in the 300-900 MHz range is about 72%. Due to this, and the high spatial res-
olution of UWB signals, the motion of a human body can cause observable changes
to the multipath profile. It was shown that [1] the expansion of the chest cavity cre-
ates an significant variation in the measured multipath profile, which is exploited to
estimate the respiration and heart rates.

A problem fundamental to the modeling of respiration and heart-rate estima-
tion is the estimation of the frequency of a single-tone in additive-white Gaussian
noise (AWGN), given discrete-time samples over a finite measurement interval. It can
be shown that the algorithm derived in [1] represents the Maximum-Likehood (ML)
estimator [2] of the respiration rate, which, for large datasets and “high” signal-
to-noise-ratios, approaches the Cramer-Rao lower bound. In the current work, the
performance of this estimator is analyzed in UWB propagation environments, and
results of the application of these methods to real measureddata are presented.

Due to the time-sensitive and non-invasive nature of the aforementioned appli-
cations, the total measurement time needs to be minimized while ensuring that the
respiration-rate estimate is sufficiently accurate. An investigation into the resulting
trade-offs and the computation of “optimal” measurement times is also presented.
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