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The Maersk Mc-Kinney Moller Institute, Faculty of Engineering
University of Southern Denmark

1 Furniture as Robots

The development of interactive and adaptive
furniture requires the cooperation of a wide
range of professionals ranging from concept de-
signers to people with the technical know-how
to implement or reflect on the feasibility of pro-
posed designs. At the University of Southern
Denmark we are working on some of the en-
abling technologies for interactive and adaptive
furniture and therefore have the technical in-
sight to contribute to the development of a new
generation of furniture.

Our perspective is that of robotics. We view
furniture as a kind of robot because it through
a physical body can interact with the user and
environment through its physical shape, sens-
ing, control and actuation.

In this paper we will describe three funda-
mentally different visions of how we, from a
technological view point, may realize interac-
tive and adaptive furniture.

2 Furniture as Artificial Or-
ganisms

Commercially available furniture is made
adaptive and interactive through the deforma-
tion of the material from which the furniture
is built or through adjustable mechnical mech-
anisms (e.g. raise or lower the leg rest). The
first step towards more interactive and adap-
tive furniture is to introduce sensor-actuator
feedback loops. This will allow furniture auto-
matically to deform or mechanically adjust in
response to user activity or changes in the en-
vironment in which the furniture is embedded.
The furniture may for instance adapt to direct
measurable parameters such as the height and
weight of the individual user or the light-level
in the environment.

A way to realize deformable furniture is to

Figure 1: The latest prototype of the Odin
modular robot. Six links connect four joints
in a flexible tetrahedron. Three of the links
are actuated and can expand and contract.

use deformable robots [3]. The fundamental
idea is that we build the furniture from mod-
ules that can be connected either rigidly or
flexibly. The rigidly connected modules form
the skeleton of the furniture and the flexibly
connected modules form the soft tissues such
as tendons, fat, and mussles. This design ap-
proach allow us to envision furniture as living
artificial organisms built from artificial tissue
types. This may make the furniture adapt-
able, but more importantly may provide the
user with a natural way to interact with the
furniture because it may resemble a pet rather
than a piece of furniture.
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Figure 2: This figure shows a simulated self-reconfigurable robot transforming from an initial
random configuration to a configuration resembling a chair.

3 Modular Furniture

Deformation and simple physical mechanisms
can only make the furniture interactive and
adaptive to a limited degree. In order to reach
a higher level of interaction and adaptivity the
furniture can be manually reconfigured. Here
the components of the furniture can be moved
around or maybe even disassembled and assem-
bled to form completely new furniture suitable
for the user’s changing activities.

The engineering basis for this could be mod-
ular robots. An example is the ODIN modu-
lar robot currently being developed at the Uni-
versity of Southern Denmark shown in Figure
1 [4]. This robot consists of links and joints
which easily can be connected to form a specific
piece of furniture and then later be disassem-
bled and reused for another piece of furniture.
Viewing furniture as a modular robot allows
the user ultimate flexibility and also allows for
reuse of modules.

4 Metamorphic Furniture

The final vision is that furniture can radi-
cally change its own shape automatically to fit

the user’s activity-environment. This vision is
truly futuristic:

“John wakes up and presses the button on
his bed to morph his studio apartment into a
bathroom. John sighs. “Maybe it is time to
update the bathroom”. The bathroom is an old
revision from last year with no massage chair
and tiles on the walls. John calls up the cata-
logue from the bathroom supplier with whom
he has a subscription. A miniature bathroom
appears next to the sink. He flips through a
couple of bathrooms until one appears that has
what looks like wooden walls and even an old
fashion toilet. The toilet has become obsolete
years ago since the entire room is self-cleaning,
but John likes to sit and read sometimes. He
presses “OK” and within thirty seconds his
bathroom is morphed. The revised bathroom
even includes his fern, he could have chosen a
tropical forest theme, but he likes to have a
good old fashion plant. Also a lot easier to
have now that the apartment takes care of it.
At that point, a signal indicates that the studio
has arrived at his work place. John finishes up
while the studio morphs into an office. John
takes one last look in the mirror before it dis-
appears and walks out of his studio to greet his
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Figure 3: The ATRON self-reconfigurable
robot.

colleagues Marvin and Louis.”

The scientific basis for this could be self-
reconfigurable robots that we are also currently
developing at the University of Southern Den-
mark see Figure 3 [1]. A significant part of
being able to realize this scenario is involves
being able to control the movement of mod-
ules, that is, furniture elements. An example
of this work on control is shown in Figure 2
[2] where a number of simulated modules are
able to move and organize themselves into the
shape of a chair.

5 Activity-based Adaptation
and Interaction

In this short paper we have mainly focused on
the physical basis for the realization of adap-
tive and interactive furniture. However, there
are important control aspects as well. It is
fairly simple to make the furniture interact or
adapt to the user based on user-input or di-
rectly measurable parameters such as weight,
temperature and so on. However, what is more
desirable is to base the interaction or adapta-
tion on the activity of the user. This, however,
represent a significant challenge because it re-
quires advanced sensor interpretation that re-
quires the furniture to extract the activity of
the user from directly measurable parameters.

6 Conclusion

In this paper we have put forward some visions
which can form the engineering basis for a new
generation of interactive and adaptive furni-
ture. In particular, we have presented three
visions of physical platforms with increasing
level of flexibility and cost: furniture as or-
ganisms, modular furniture, and meta-morphic
furniture. We hope that these visions consti-
tute an interesting input to the workshop on
adaptive and interactive furniture.

References

[1] E.H. Østergaard, K. Kassow, R. Beck,
and H.H. Lund. Design of the atron
lattice-based self-reconfigurable robot. Au-
tonomous Robots, 21(2):165–183, 2006.

[2] K. Støy. Using cellular automata and
gradients to control self-reconfiguration.
Robotics and Autonomous Systems, special
issue on the best of the 8th int. conf. on In-
telligent Autonomous Systems, 54(2):135–
141, 2005.

[3] K. Støy. The deformatron robot: a biologi-
cally inspired homogeneous modular robot.
In Proc., IEEE Int. Conf. on Robotics and
Automation, pages 2527–2531, Orlando,
USA, 2006.

[4] K. Støy, A. Lyder, R.F.M. Garcia, and
D. Christensen. Hierarchical robots. In
Proc., IEEE Int. Conf. on Intelligent
Robots and Systems, Workshop on Self-
Reconfigurable Robots, San Diego, USA,
2007.

3


