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Abstract

Unobtrusive measurement techniques allowing cardiac monitoring in out-of-
hospital scenarios are expected to play a decisive role in transforming the
healthcare system to adapt to changing demographics and more prevalent
cardiovascular diseases. Capacitive electrocardiogram (cECG) measurement
is among the most prominent candidates that may contribute to large-scale
screening to allow physicians to intervene at earlier stages. Using specialized
electrode designs, cECG can capture the heart’s electrical activity without any
preparation, even through subjects’ clothing. Although this property has led to
various cECG applications like chairs, beds, and car seats in the literature, it
also poses the greatest challenge for the cECG technique to become a reliable
healthcare monitoring option.

Motion artifacts resulting from the loose contact between the subject and the
cECG electrodes have severe adverse effects on the signal quality. Due to high-
amplitude motion artifacts, large gaps reduce the availability and robustness
of the cECG signal. Moreover, low-amplitude distortions in the signal wave-
form reduce the diagnostic capabilities and reliability of the cECG. This thesis
analyzes the motion artifacts by studying their mechanisms in the electrode-
skin interface. The electrode model with time-variant coupling impedance is
inspected for the sources influencing the measurement. The thesis proposes the
hypothesis that the heart’s mechanical activity following the electrical activity
can distort the coupling impedance, resulting in motion artifacts correlated
with the electrocardiogram.

The thesis then presents a dedicated measurement setup capturing all rel-
evant signals to test the interaction between the cardiomechanical waves, the
electrocardiogram, and the time-variant coupling impedance of the cECG mea-
surement. The abstract source-filter model for this particular type of artifact
is validated by collecting multimodal data in a study on healthy volunteers.
The analyses of the signals made both in frequency and time domains reveal
a moderate to strong correlation between the heart’s mechanical activity and
the distortion in the coupling impedance, leading to a new term: physiologi-
cal motion artifacts. This term coined in this work aims to differentiate from
the classical understanding of motion artifacts resulting from independent pro-
cesses such as limb movement.

Following the core of the thesis, the physiological motion artifacts, the work
undertakes a new approach to the time-variant coupling impedance. Instead of
inspecting the resulting drawbacks, a novel electrode idea is proposed to utilize
the sensitive coupling impedance. This electrode deliberately modulates the
coupling impedance at a chosen modulation frequency, resulting in a carrier
wave amplitude-modulated with the ECG signal. Therefore, the name modu-
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Abstract

lated ECG is proposed. The first electrode prototype capturing the ECG signal
via amplitude modulation is presented starting from analytical solutions on the
electrode model, followed by numerical simulations and experimental validation
on a physical test bench.

Efforts on understanding and utilizing the sensitive coupling impedance are
complemented by a clinical trial aiming to extend the research on the cECG to
clinically more relevant subject profiles. This clinical study presents a car seat
with cECG electrodes tested on cardiac patients with implanted pacemakers.
Multichannel cECG measurement is supported by a fusion scheme and a pace-
maker spike detection algorithm, showing that cECG can also capture cardiac
pacemaker spikes through subjects’ clothing. Limitations are addressed to pro-
vide a framework for future cECG applications that aim to cover subjects with
cardiac pacemakers.
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