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1 INTRODUCTION 
The objectives of the first phase of this investigation 
are to integrate geometry, material and fabrication 
with interactive/responsive mechanisms in IoT re-
search.  The end goal is to develop a full scale re-
sponsive ceiling envelope for YunTech Digital Media 
Design Centre to provide a framework for experi-
mentation with ambient interactivity. The concep-
tion and construction of the prototypes take advan-
tage of parametric and digital fabrication strategies 
for material exploration, responsive interaction 
logic as well as developments in microelectronics.
We discuss the theoretical framework that we 
used to conceptualise the design, some proto-
types done in both labs, implications of geometry 
on HCI and space and the way in which HCI can 
be reconceptualised as an architectural problem 
where there are important correlations between 
the design of computing systems and the design 
of physical spaces and places.

1 THEORETICAL FRAMEWORK 
2.1 Ubiquitous Computing
From the point of view of human computer interac-
tion (HCI), architectural space and living settings 
in general present an opportunity for expanded 
possibilities of interactive environments. The con-
cept of a ‘disappearing computer’ predicts that 
with the advancements of digital technologies and 
their increased availability, individual devices and 
appliances would give way to ubiquitous systems 
that would be incorporated into all facets of our 
everyday lives [1]. Embedded computation has, 
since Weiser’s predictions expanded to the fields 
of art and design with problems that often cross 
disciplinary boundaries and present us with what 
some call diffuse problems [2]. These are com-
plex areas of inquiry that require interdisciplinary 
approaches. In order to develop design strategies 
for the interactive envelope, we draw on the pre-
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vious taxonomies of ambient display information 
systems [3] as well as theory and research on 
architectural elements as an ambient and a story 
telling medium.

2.2 Ceilings as story-telling medium
We ground the design framework on ceilings as 
a potential platform for new ways of visualising 
information and creating ambient displays. From 
cave paintings to Egyptian temples to Medieval 
and Renaissance periods, the ceiling was used 
as a storytelling medium. Through time, people 
looked up to increase their knowledge of their en-
vironment and the world around them making it a 
natural opportunity for a responsive envelope [4]. 
Today we are more reliant on digital appliances 
and hand-held devices, relegating architecture 
to the background. Tectonically, most contempo-
rary ceilings consist of modular panels suspend-
ed from building structure concealing ducts and 
wiring with the open plan increasingly being co-
opted as an efficient means of achieving maximum 
density especially in office environments [5]. This 
creates an effect of a large homogenous surfac-
es interrupted by AC vents, sprinklers and other 
service outlets. Architectural ceiling has moved 
away from being a storytelling medium conveying 
abstract information to purely a functional fea-
ture. Chameleon ceiling attempts to reconceptu-
alise ceilings as ambient story-telling envelopes 
by incorporating ubiquitous computing, ambient 
information visualisation and component driven 
digital design and fabrication. 

2.3 Architectural Component Design
The combination of architectural parametric de-
sign with interactive and adaptive control systems 
is a relatively new area of inquiry with many ar-
chitectural schools initialising new programs that 
are dealing with material and computational re-
search [3]. This project opens up the possibility 
for connecting physical architectural elements to 
be deployed as means of testing various aspects 
of HCI through an abstract cellular sensing and 
communication. 
The Chameleon Ceiling research is centred on the 
hypothesis that a deeper understanding of spatial 
interactive systems and ubiquitous computing 
can be achieved by exploring the possibilities of 
three-dimensional cellular envelopes as instal-
lation prototypes to test out various systems of 
interaction within architectural space. Computa-
tional design is an experiment which investigates 
behaviour of increasingly complex systems both 
physical/architectural and interactive [4]. The fol-
lowing text describes the experimental studies 
through which we are exploring this hypothesis.

3 PROTOTyPES
3.1 Carrier components and digital  
fabrication
To develop digital fabrication and basic computa-
tional geometric techniques in our lab, we develop 
a post-graduate curriculum, prototyping simple 
digital fabrication methods centring on carrier 
components and free-form surfaces (Figure 1). 

Figure 1: 
Postgraduate work devel-
oping digital fabrication 
methods
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Students are asked to create a parametric proto-
type based on a variety of design scenarios while 
considering material selection and fabrication 
methodology. Through this process we keep on 
pushing available digital fabrication methods in 
order to apply them in a more robust manner to a 
greater variety of materials using a larger sample 
of geometries in design. 

3.2 Components as pixels
The design concept was developed through post-
graduate research focusing on aggregative form 
and construction of an interactive prototype (Fig 
2). Interactive installations deploying high-resolu-
tions tend to be non-ubiquitous, flat, bounded and 
rely on centralized control systems [5].  The base 
idea formed from looking at geometries and com-
positional approaches that begin from a series of 
simple rules and form complex structures that are 
incomplete or have the ability to renew and grow 
where ‘the element suggests a manner of growth, 
and that, in turn, demands further development of 
the elements, in a kind of feedback process’ [6]. 
The components acted as spatial pixels and car-
ried LEDs and were activated through one cen-
trally located microphone sensor. They can be 
switched or modified, independent of their posi-
tion or internal structure. Strategically deploying 
low-resolution spatial ambient light makes con-
text surroundings more legible [5]. 

The form was based on a simple script that added 
a truncated tetrahedron to the proceeding shape 
creating additive, crystalline-like geometries from 
repeating elements. These strategies are derived 
from structures such as Weaire-Phelan and are 
present in both the soap bubbles and polycrystal-
line solids [7]. Unlike Weaire-Phelan however, this 
approach subdivides space quasiperiodically and 
thus it is difficult to articulate in such a way as to 
enclose or be structurally complete. For the next 
step we used a different geometric approach, fo-
cusing on much simpler generation of a continu-
ous carrier surface with a repeating component 
tessellating it. We did, however retain the idea 
of components as pixels that act as independent 
cells on a tessellating grid.

3.3 Interactive ceiling
3.3.1 Geometry
Development of the chameleon ceiling prototype 
began by establishing an envelope that acts as 
a carrier surface for repeating sets of compo-
nents forming a pixel grid. The following design 
iterations began testing spatial and architectural 
strategies for positioning the pixel envelope be-
tween the main entrance and the adjacent wall 
spanning the length of the staircase connecting 
ground floor to upper mezzanine level inside the 
YunTech’s interactive design lab (Fig. 3).

Figure 2: 
Postgraduate work 

incorporating aggregative 
components and sensor 

technology
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Initial design was a simple hyperbolic paraboloid 
with triangular tessellation. Second iteration was 
used in prototyping of scaled components and 
virtual interaction scenarios and is a free-form 
NURBS surface that acted as a carrier for trian-
gular tapered extrusion cladding elements (Fig 4). 
The third iteration is physically simulated mesh 
which forms a vaulted structure. These design 
iterations were done using Grasshopper [9] and 
Kangaroo plugin [10].
The major constraints of the envelop surfaces are 
structural. In Figure 3(2), the freeform surface is 
envisioned to be supported from the ceiling by a 
tertiary system of proprietary steel ties that con-
nects the structure of the installation to the ceil-
ing.
This means that components would require a sec-

ondary structure – a skeleton which holds com-
ponent in place providing a rigid framework to 
connect to elements of the room with tertiary 
structure. Figure 3(3) attempts to minimise ter-
tiary structure by implementing a physics based 
geometry solver to put components mostly under 
compression, creating a catenary canopy system. 

The geometry of individual pixel components 
also begins to fluctuate depending on variation 
in curvature and stresses- some becoming much 
larger and stretched near anchor points with ad-
ditional surface areas. 

Another impact is surface resolution. Given the 
site area of approximately 8mx4.5mx5m, variation 
in component density and thus, component scale, 
has impacts on both the ambient display resolu-
tion which in turn affects the complexity of struc-
ture and construction. 
For the purposes of scaled prototypes and sce-
nario testing, we established a one-to-one rela-
tionship of pixel to component. Effects of distor-
tion of individual components and non-orthogonal 
mesh edge alignment as well as methods of fabri-
cation of multiple, unique structural components 
and claddings are still under investigation. 

3.3.2 Interaction
The project also entails a parallel body of re-
search into combinatory approaches to computer 
simulation of interaction (Fig 5). Using simple data 
sets and attractors, these were designed to refer 
to potential ambient data displays and traction of 
individuals through space. This framework al-
lowed us to simulate simple interactivity scenari-
os and their affects. Further experimentation was 
done using Firefly plugin for Grasshopper [11]. 
This allowed us to link the camera inputs directly 
to the geometry and more closely approximate 
interaction-to-geometry affects in the component 
based design. The firefly generates an undulating 
mesh as a visual representation of camera bitmap 
brightness from which we sample Z-coordinates 
related to the components of the installation. We 
than use these parameters to create an RGB grid 
of pixels. Depending on how these are chosen to 

Figure 3: 
Design iterations of an 
architectural pixel envelop

Figure 4:  
Testing of component 
systems (scale 1:20)
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be mapped to the components, there is a large 
number of possibilities depending on how colour 
parameters are used. In this particular test, there 
is only one parameter for each pixel, however it 
is possible to shift values to generate multi-col-
oured scenarios or use other information to map 
to different colour values entirely. 
The low resolution quality of the mesh creates op-
portunities and constraints for both ambient qual-
ities of interaction (with feedback of movement 
through space) that could retain or aggregate 
colour intensities as more people are travelling 
through to more specific information that could 
be mapped to different parts of the envelope. Indi-
viduals could learn to adapt to different methods 
of representation and information communication 
[12]. This presents interaction design with a rich 
platform for experimentation and testing of vari-
ous combinations of input/output scenarios. 

4 DISCUSSION
The first stage of explorations into architectural 
dynamic ceiling envelopes has given us some in-
sight into research issues associated with ambi-
ent architectural displays. These present an in-
terplay between physical structural systems and 
systems of interaction.
In terms of geometry and fabrication, additional 
techniques have to be developed to minimise vari-
ation in component geometry to streamline fab-
rication. This could incorporate flexible materials 
in physical assembly or new mesh optimisation 
techniques in modelling. The structural forces 
need to be engineered from the geometry of the 
ceiling itself to relieve it of redundant structural 
features. 
Interaction needs to be further prototyped on 
clusters of components to test intensity and leg-
ibility of light, assembly sequences and optimisa-
tion for interchangeable output mechanisms. In 
the next stage interaction will also be tested at 
full scale on site.

Figure 5: 
Simulating LED interac-

tion in geometry
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5 CONCLUSION
Technology is rapidly advancing and seeping into 
all areas of contemporary life. As HUI and ubiq-
uitous computing research expands to include 
larger elements of human environment and in-
teraction, we will see traditional architectural 
elements transformed. The initial research phase 
presented here attempts to examine architectural 
geometry in light of responsive design and explore 
potentials of cellular interactive envelopes. In the 
next phase of work we plan to construct full scale 
prototypes and begin testing structural and inter-
active properties of chameleon ceiling on site. We 
expect that the results from these experiments 
will provide further opportunities for physical re-
finement and bring it closer to full scale applica-
tion of ambient interaction. 
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