
(see Figure 8). We achieved good classification rates
for different training modes, using simple acceleration
sensors instead of full inertial systems. In addition, we
discuss the garment’s feasibility with regard to errors
incurred from the non-tightened fitting.

In the following section we highlight different related ap-
proaches and show the advantages of the SMASH system.
Section 2 outlines the distributed system architecture along
with its garment implementation. Sections 3 and 4 present
our characterization and movement rehabilitation investiga-
tions respectively. Finally, Section 5 summarizes the results
of this work.

1.1 Related Work
Textile-based posture sensing solutions have been investi-
gated for different sensors and target applications. Major re-
search areas include the reconstruction of hand gestures with
glove-attached accelerometers [1], conductive elastomers [2]
or cameras [3, 4]. One pioneering project for upper body
monitoring was the Georgia Tech Wearable Motherboard [5].
The system uses optical fibers to detect bullet wounds and
other sensor modalities to monitor a soldier’s vital condi-
tions in combat conditions.

Several investigators attached sensors onto tight fitting clo-
thes in order to determine postures of the upper body. Dunne
et al. [6] developed a garment-integrated plastic optical fiber
for monitoring seated spinal postures in one dimension. Tog-
netti et al. [2] investigated a conductive elastomer, that
shows piezoresistive properties when it is deformed. The ma-
terial was applied in a special layout pattern to the shoulder,
elbow and wrist region of a upper limb kinesthetic garment
shirt. Thereon, the shirt was used by Giorgino et al. [7] for
posture classification. Mattmann et al. [8] analyzed a novel
elongation-sensitive yarn and classified upper body postures
with a tight fitting suit called Backmanager.

The latter two approaches used textile attached or inte-
grated strain sensors, relying upon the hypothesis, that dif-
ferent postures result in distinguishable elongation patterns.
An integration of strain sensors fixes application to specific
body regions. For the processing of sensor data, typically
off-body computers are utilized. However, monitoring appli-
cations in rehabilitation and sports require free movement
and on-body processing capabilities.

Junker et al. [9] implemented PadNET, a wearable data ac-
quisition platform for the upper body. PadNET consists
of a multistage sensor network that was integrated into a
jacket. Sensors were connected by woven wires and placed
into pockets. A crucial drawback is the bandwidth limita-
tion of the system bus. The system proposed here, shrinks
the area for garment attached sensing platforms by factor
12.5 compared to PadNET.

Gyroscopes and accelerometer-magnetometer pairs are well-
established sensing solutions for posture tracking. The com-
plementary nature of the sensors was exploited in academia
and industry. Several approaches were made to determine
the orientation of stand-alone sensor units using Kalman fil-
tering [11, 12, 13]. All these academic investigations are not
textile and rely on a defined number and location of sensors.

Moven [10] is a commercially tight fitting motion capturing
system for short, but precise recordings. It consists of up to
16 body worn inertial motion sensing units and two masters,
connected by a wireless link to a host PC. While these sens-
ing solutions are very precise, the size and power consump-
tion renders the devices infeasible for daylong recordings.
Consequently, our approach relies on small and low-power
accelerometers only.

2. SYSTEM ARCHITECTURE
This chapter provides a system overview and discusses de-
sign issues. Afterwards, all units of SMASH are described
in detail.

2.1 Overview and Terms
SMASH is made of a hierarchical processing network. The
central system master, the Konnex, is connected to four
Gateways by a wired system bus. Together they form the
core system, which is fully integrated to the textile. Each of
the four Gateways provides standardized interfaces to outer
peripheral platforms, called Terminals. One kind of Termi-
nal is the acceleration Terminal.

Figure 1: The SMASH (inside out) showing the
Konnex and three Gateways (each is marked with
a circle, the fourth Gateway is hidden).

2.2 System Design
SMASH was designed to acquire, evaluate and process signal
data, perform an online classification and to report results to
the user. In this flow, information are represented on differ-
ent levels of abstraction, like physical observations, electri-
cal signals, meaningful features and interpreted classification
outputs. One of our main design goal for SMASH was the
distribution of processing tasks onto different computation
units in a hierarchical way. Hence, we decided to separate
and process data in three layers according to their level of
abstraction: signals, features, classification. An overview is
depicted in Figure 2.

Terminals convert physical observations into an electrical
signal representation. Signals are filtered and translated into
a standardized format for further processing. However, Ter-
minals act on signal level and are the first processing layer.
Afterwards, the Terminal sends collected data to one of the
Gateways over a wired connection. Gateways acquire data


