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In brief

Decentlab, a spin off of the Swiss Federal Laboratories for Materials Testing and Research
(Empa), develops and produces wireless monitoring systems. The advantages of these
systems are their fast installation as well as high flexibility concerning reconfiguration of
the measurement set up. Wireless systems enable cost-effective monitoring applications.

Monitoring bases on the evaluation of physical characteristics measured by different sen-
sors. Within conventional systems these sensors are placed at different measuring points
and wired to central data logger. The long-time experience of Decentlab and Empa in the
field of monitoring shows that the installation of such systems, especially the cabling, are
very time consuming and expensive.

Wireless monitoring systems are much easier to install and lead to considerable cost-
savings because almost no cabling is necessary.
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DecentNet

Wireless monitoring systems consist of sensor nodes, a base station, and a data storage
and control center (see Figure 1).

Sensor nodes are small computers connected in a wireless network. These sensor nodes
are equipped with various sensors, which measure physical characteristics. The sensor
nodes are decentralized data loggers, which also act as relay stations forwarding data
from neighboring nodes to the base station. Each sensor node independently selects a
neighboring node suitable for a fast and reliable data transmission.

This ad-hoc communication network can be easily extended with additional sensor nodes,
which autonomously join and integrate with the existing network. An additional advantage
is the system reliability: if one of the sensor nodes fails and, thus, is no longer available as
relay station, the affected sensor nodes independently establish new connections to op-
erational nodes nearby.

The base station of the wireless communication network collects the data gathered by the
sensor nodes and establishes a connection to the data storage and control center. This
connection allows for a bidirectional communication of data and instructions between the
control center and the wireless monitoring system. The base station is connected to the
Internet over a mobile phone network (UMTS/GMS). This communication channel is en-
crypted which prevents reading or changing the data by a third party.

The data storage and control center receives, stores, and analyses the measured data.
Automatic analysis methods permit to detect unusual and undesired trends at an early
stage and thus to take appropriate measures (e.g. alarming the responsible people). Sen-
sor node configuration and remote maintenance of the network is performed from the con-
trol center.

The modular architecture of the system allows for easy adoption to a wide range of appli-
cation requirements and makes it suitable for a variety of measurement tasks.

Figure 1. Overview of the wireless monitoring system.




Example applications
Civil infrastructure monitoring

A long term deployment has been set up to demonstrate the capabilities and the ease of
use of wireless monitoring systems in the field of civil engineering. In this application ten-
sile forces of cable stays of a cable stayed bridge are monitored by tracking natural fre-
guencies of cable vibrations. Wireless sensor nodes, running on a single set of batteries
were installed on six stays to measure cable acceleration. Since energy resources are lim-
ited and data communication is an energy consuming task, the amount of transmitted data
has to be kept small in order to extend system lifetime. In this case, the acceleration time
series is processed on the node and reduced to one frequency value which has to be
transmitted over the air.

The concept of data reduction by means of processing raw data on the sensor node level
is demonstrated in the deployment at the Stork Bridge in Winterthur. The installation is
running since 2006 and is one of the first long-term wireless monitoring applications
worldwide.

Figure 2. a) Installation of sensor nodes on cable stays at Stork Bridge
Winterthur. b) Resonance frequencies of a cable during a week.




Environmental monitoring

The Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) conducts
measurements of physical characteristics of trees as indicators of climate changes with a
wireless monitoring system from Decentlab GmbH.

Up to now measurement set-ups in the forests used to be spatially limited due to the ne-
cessity of cabling between individual measurement points and the central data logger.
However, installations covering larger areas are essential for well-founded conclusions.
Such installations have shown to be very expensive since several costly data loggers (up
to 50 % of the overall installation budget) had to be installed.

With the new wireless system costs can be reduced substantially, since the wireless net-
work can easily be scaled up.

Figure 3. a) Meteo station b) TreePhys Mix - 3 Sapflow, 3 Dendrometer
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