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Abstract — Designing and implementing a wireless networked embedded con-
trol system (wnecs) is a challenging task. neclab, the network embedded control
lab [1], is a software environment designed to assist the engineer with simula-
tion, deployment, and monitoring of networked embedded control systems, in
particular wireless networked embedded control systems (wnecs). A wnecs is a
collection of interconnected sensors, digital controllers, and actuators connected
to control plants which communicate with each other over wireless-channels via
a radio interface. In particular, our demonstration will focus on wnecs which use
the MICA2 Motes developed by Crossbow technology. An integral component of
neclab is the SOS operating system [2] which is embedded on the MICA2 Motes.
The demonstration will consist of implementing the simple wireless ball and beam
control application described in [1].

In demonstrating the wireless ball and beam control application, we will dis-
cuss various technical design issues and how we addressed them. One challenging
design was to provide an effective programming bridge between lower level em-
bedded software design required for the MICA2 Motes and higher level scripting
languages such as python. Using SWIG and building off the powerful modules
concept introduced by SOS, it is now possible for us to design control programs
running in python on a host computer. These control programs can directly use the
SOS message passing interface in order to communicate with the MICA2 motes
distributed in a wireless network. Using python we also utilize powerful scien-
tific libraries such as NumPy and SciPy[3]. We will also demonstrate the ability
to visualize data with the plotting tools provided by matplotlib [4]. These tools
and others can be successfully integrated in to neclab, so that we can quickly start
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developing wnecs.
SOS has matured and brought some powerful programming features which

neclab is utilizing. SOS now allows memory to be allocated which is not limited
to fixed block length segments. The multi-hop module loader now allows mod-
ules to be loaded to the internal flash of the MICA2 motes in a dormant state. This
allows us to create a network of motes each with a common file system, similar
to a network of computers. Using concepts such as the networking message pipe
[1], the configuring module in neclab allows us to configure arbitrary networking
routes. These routes allow messages to be exchanged to different modules in a
manner which parallels passing information between processes on a PC. These
processes; however, are running on individual motes, and our PC while commu-
nicating through a distributed wireless network. They can do this and still balance
a ball on a beam.
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