By Hans Gellersen

SMART-ITS ARE SMALL DEVICES THAT

integrate a microprocessing unit with sensors, actuators,
and wireless communication. These devices are similar in
composition to typical wireless sensor network nodes, but
are conceived as add-on devices for artifacts in the physical
world. As add-on devices, they are designed to operate in
the background of physical artifacts. This gives primacy to
artifacts and their familiar use in human activity while the
technology is embedded invisibly to afford additional func-
tionality. For example, personal artifacts may be augmented
to support their tracking in case they get misplaced, and
toxic artifacts can have technology added to alert inappro-
priate storage.

A platform for such augmentation must be highly config-
urable to support adaptation to a wide range of artifacts with
different physical and digital attributes. This is reflected in
both the hardware and the software design of Smart-Its.

The Smart-Its hardware is based on a modular device
architecture and allows for a large degree of flexibility in
terms of network support and type and number of sensors
and actuators. Smart-Its can be as small as TOx10x10mm
including a variety of sensors and battery (for information on
Smart-Its particles, see particle.teco.edu/). Other Smart-Its
modules are slightly larger, for example, to ease customiza-
tion with a less compact board design [3], or to include Blue-
tooth connectivity and other interfaces [1]. A variety of device
modules are available as part of a growing tool kit, and devel-
opers can build additional ones by adapting generic board
designs. For further flexibility, device designs can be mapped
to different physical layouts, allowing devices to be realized in
customized form factors.

Smart-Its are programmed for single applications embed-
ded in artifacts. They can be repurposed by replacing the exe-
cutable code. Depending on the type of Smart-Its, this can be
done wirelessly with an over-the-air programming tool. Sys-
tem functionality, such as managing subtasks for physical
1/O and communication, is compiled into application code
before deployment. C libraries provide programming abstrac-
tions at various levels, for example, shielding developers from
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hardware detail. At the application level, interfaces and code
libraries are provided for the set of tasks typically performed
by an embedded Smart-Its application. These include reading
sensor data, processing sensor data to application-specific
context, communicating context events over the network, pro-
cessing received events, and the control of actuators.

The Smart-Its platform has been used to study a variety of
applications deployed into physical artifacts. For example, in
the Cooperative Artifacts project, we have used Smart-Its to
build prototypes of augmented chemical containers that can
detect and alert potentially hazardous situations. The embed-
ded Smart-Its are configured with ranging sensors to measure
the proximity of other containers, and they are programmed to
share and evaluate context information across nearby contain-
ers, for instance, on type and mass of stored chemicals [s].

In a related application example, Smart-Its have been used to
augment physical goods with an electronic seal that asserts
their authenticity and physical integrity [2].

A particular strength of the platform in application
research is its support for rapid prototyping of augmented
artifacts. This was demonstrated at SIGGRAPH 2003, where
an entire exhibition space was rapidly transformed into an
interactive experience with a network of Smart-Its embedded
in tables, chairs, and a range of smaller artifacts [4]. B

REFERENCES
1. Beutel, J. et al. Prototyping wireless sensor network applications with
BTnodes. In Proceedings of the First European Workshop on Wireless Sen-
sor Networks. Springer-Verlag, 2004, 323-338.
2. Decker, C. et al. eSeal: A system for enhance electronic assertion of
authenticity and integrity of sealed items. In Proceedings of the Third
Intl. Conference on Pervasive Computing. Springer-Verlag, 2004,
254-268.
3. Gellersen, H. et al. Physical prototyping with Smart-Its. JEEE Perva-
sive Computing (July 2004), 74-82.
4. Holmquist, L.E. et al. Building intelligent environments with Smart-
Its. IEEE Computer Graphics and Applications 24, 1 (2004), 56-64.

. Strohbach, M. et al. Cooperative artefacts: Assessing real-world situa-
tions with embedded technology. In Proceedings of the Seventh Intl.
Conference on Ubiquitous Computing. Springer-Verlag, 2004, 249-266.

Wl

HANS GELLERSEN (hwg@comp.lancs.ac.uk) is a professor for
Interactive Systems in the Department of Computing at Lancaster
University, Lancaster, U.K.

© 2005 ACM 0001-0782/05/0300 $5.00

66 March 2005/Vol. 48, No. 3 COMMUNICATIONS OF THE ACM




