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On September 18, 2014 in Darmstadt Germany, An-
dreas Braun successfully defended his PhD thesis en-
titled “Application and validation of capacitive prox-
imity sensing systems in smart environments” [1]. The
primary supervisor was Dieter W. Fellner, the sec-
ondary supervisor Max Mühlhäuser. The examination
committee consisted of the supervisors, was chaired by
Reiner Hähnle, and included Andy Schürr and Neeraj
Suri. The degree was awarded with honours. The viva
took place in a public presentation on the premises of
Technische Universität Darmstadt (Figs 1 and 2).

1. Thesis summary

Smart environments feature a number of comput-
ing and sensing devices that support occupants in per-
forming their tasks. In the last decades, there has been
a multitude of advances in miniaturizing sensors and
computers, while greatly increasing their performance.
As a result new devices are introduced into our daily
lives that have a plethora of functions. Gathering infor-
mation about the occupants is fundamental in adapt-
ing the smart environment according to preference and

Fig. 1. Dr. Andreas Braun during the viva.

situation. There is a large number of different sensing
devices available that can provide information about
the user. They include cameras, accelerometers, GPS,
acoustic systems, or capacitive sensors. The latter use
the properties of an electric field to sense presence and
properties of conductive objects within range. They
are commonly employed in finger-controlled touch
screens that are present in billions of devices. A less
common variety is the capacitive proximity sensor. It
can detect the presence of the human body over a dis-
tance, providing interesting applications in smart envi-
ronments. Choosing the right sensor technology is an
important decision in designing a smart environment
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Fig. 2. Supervisor Prof. Dr. Dieter W. Fellner (right) and Dr. Andreas
Braun.

application. Apart from looking at previous use cases,
this process can be supported by providing more for-
mal methods.

This thesis presents a benchmarking model that is
designed to support this decision process for applica-
tions in smart environments [2]. Previous benchmarks
for pervasive systems have been adapted towards sen-
sors systems and include metrics that are specific for
smart environments. Based on distinct sensor charac-
teristics, different ratings are used as weighting fac-
tors in calculating a benchmarking score. The method
is verified using popularity matching in two scientific
databases. Additionally, there are extensions to cope
with central tendency bias and normalization with re-
gards to average feature rating. Four relevant applica-
tion areas are identified by applying this benchmark
to applications in smart environments and capacitive
proximity sensors. They are indoor localization, smart
appliances, physiological sensing, and gesture interac-
tion. Any application area has a set of challenges re-
garding the required sensor technology, layout of the
systems, and processing, that can be tackled using var-
ious new or improved methods. The thesis presents a
collection of existing and novel methods that support
processing data generated by capacitive proximity sen-
sors. These are in the areas of sparsely distributed sen-
sors [3–5], model-driven fitting methods [3,6], hetero-
geneous sensor systems [7,8], image-based process-
ing [8], and physiological signal processing [3,9]. To

evaluate the feasibility of these methods, several proto-
types have been created and tested for performance and
usability. Six of them are presented in detail. Based on
these evaluations and the knowledge generated in the
design process, capacitive proximity sensing in smart
environments is classified. This consists of a compari-
son to other popular sensing technologies in smart en-
vironments, the major benefits of capacitive proximity
sensors, and their limitations [10]. In order to support
parties interested in developing smart environment ap-
plications using capacitive proximity sensors, a set of
guidelines is presented that support the decision pro-
cess from technology selection, to choice of process-
ing methods.
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