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Abstract

Parkinson’s disease is the second most common neuro-degenerative disorder
and affects 1 to 2 people out og 1000 of the world population. However, this
disease is still found to be insufficiently monitored. Therefore, the main re-
search question of this work aimed to explore the possibilities of unobtrusive
motion monitoring of patients with Parkinson’s disease to assess and moni-
tor gait stability during everyday life. This question entailed the research of
novel sensor concepts in largely integrated, so-called smart wearable devices.
Since a high level of acceptance can be expected for these systems in the target
population, smart wearables offer a suitable platform for unobtrusive moni-
toring. However, a major disadvantage in terms of comprehensive and robust
motion analysis is the individual handling and placement of the sensors. Pre-
vious approaches required an exact and fixed positioning of the sensors, which
often has to be applied by trained personnel and may involve uncomfortable
attachments. Furthermore, due to a lack of standards in inertial sensor-based
gait analysis, system- and application-specific algorithms are needed to extract
reliable stability indices.
In this work, a wireless sensor system for synchronized recording of mo-

tion data was developed. The sensor system was designed to allow continuous
long-term monitoring using inertial measurement units (accelerometer and gy-
roscope). As an essential part of this work, algorithms for the calibration of the
sensors and normalization of the orientation representation were implemented
to ensure a robust, person-independent evaluation of the inertial data. Fur-
thermore, system-specific algorithms for the extraction of spatio-temporal gait
parameters, such as step time or step length, were developed.
Based on this first level of gait analysis, a stability criterion was introduced

for application to inertial sensor data, which could be derived from stability
considerations during gait control of humanoid robots. By means of this crite-
rion it is possible to perform a direct evaluation of the individual stabilization
strategy without having to resort to typically used surrogate parameters for
gait stability. In order to analyze the basic idea of this criterion under scientific
aspects, a simulative motion model was developed, which enables the represen-
tation of pathological gait patterns and their effect on the derived criterion.
All algorithms were further validated in the movement laboratory of the

Franziskus Hospital at RWTH Aachen University in different studies under
real conditions. Finally, a clinical trial was conducted using the developed
system to validate the overall concept. The study included the monitoring of
patients suffering from Parkinson’s disease during daily clinical routine. Vari-
ous standardized clinical tests were conducted and used as a reference for the
sensor-based assessment of gait stability in order to calculate a clinically rele-
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Abstract

vant stability index. In addition to the basic function, a correlation between
sensor-based gait stability parameters and clinical findings could be shown
by the evaluation of previous study results and the usefulness of unobtru-
sive movement monitoring for the observation of disease progression could be
demonstrated.
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