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ABSTRACT 
The pervasive computing era has seen sensor and actuator 
technologies integrated into the design of kinetic building 
skins. This paper presents an investigation of a new soft 
kinetic material that has potential applications for morphing 
architectural building skins and organic user interfaces. The 
material capacities of Lumina to sense the ambient 
environment, morph and change forms, and emit light are 
demonstrated in the two prototypes presented in the paper.  
The first prototype is Blind, a form-changing organic user 
interface with multiple eye-like apertures that can be 
programmed to accept data input for visual communication. 
The second prototype is Blanket, a responsive morphing 
architectural skin with minimal mechanical and discrete 
components that sense real-time space occupancy data, 
manipulate light effects, perform active illumination, and act 
as an ambient display.  

Author Keywords 
Responsive architecture; kinetic building skins; form-
changing materials; morphing; ambient displays; organic user 
interface 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

General Terms 
Design; Experimentation 

INTRODUCTION 
Technological advancements and innovations for designing 
dynamic architectural skins present new opportunities for 
designers and architects. The promise held by intelligent 
sensing, computation, and actuation embedded in the systems 
and materials of building facades is that kinetic building 
facades or architectural skins, will be capable of being aware 

of changes in the environment, and of displaying feedback to 
the building users, and adapting to user needs.  

The idea of responsive building skins is often explored 
through individual sensing devices and mechanical systems 
considered as ‘hard’ technology. The label ‘hard’ literally 
refers to the context of mechanical systems, such as actuated 
motors and gears, and their discrete individual sensing 
components. This approach has been explored since the 
1960s, being the one of the first examples responsive 
building skin of the Los Angeles County Hall of Records, 
designed by Richard Neutra in 1962 [1]. The design of such 
kinetic skins often includes complex, intricate and heavy 
mechanistic elements, such as joints, actuators and control 
systems for dynamic responsiveness. The kinetic skin of 
L’Institut du Monde Arabe in Paris [2], designed by French 
architect Jean Nouvel in 1987, which no longer works, is a 
salient example of this approach. The Aegis Hyposurface, 
created in 2001, arguably the world’s first morphing data-
responsive physical surface, [3] is a faceted metallic façade 
that has the capability to deform in real-time in response to 
external stimuli such as movement, video, heat, sound, and 
light. It uses high-tech mechanical solutions, such as multiple 
piston components, to actuate transformation. It is the 
world’s first functioning physical prototype of its kind at the 
architectural scale, and it has intrigued many architects and 
design researchers. Since its construction, architects and 
design researchers no longer shy away from designing 
physical prototypes or experiments for kinetic skin designs. 
Aegis Hyposurface has set a benchmark for what is possible, 
even in large-scale structural transformation. Despite its 
success, the fascinating dynamic surface display system is far 
from perfect. Its piston components have been found to be 
particularly prone to fatigue failure, causing gasket leakage in 
the piston [4]. However, it remains one of the most inspiring 
precedents for ‘hard’ architectural kinetic skin design. 

Aegis Hyposurface, to our knowledge, is the only 
architectural scale example of Kinetic Organic Interfaces 
(KOIs), a term introduced by Parkes, Poupyrev, and Ishii [5], 
as a type of Organic User Interfaces or interfaces that can 
come in any shape or form, and are capable of shape-
changing through physical kinetic motions as embodiment 
and visualization of information. Other existing precedents of 
KOI are for small scale visual displays or haptic interaction. 
Project Feelex [6], which is a shape-changing haptic 
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interface, which is suspended on top of an array of small 
linear actuators, similar to the way the array of pistons are 
supporting the metal façade components in Hyposurface. The 
image on the flexible screen is projected from above.  Tilt 
Displays [7], is a 3x3 grid of OLED screens that can perform 
multi-axis tilting and vertical actuations through the 
underlying kinetic system, which consists of a servo motor 
and actuation rods. The prototype is quite small, 12x12cm. 
Many existing KOIs still rely on LED, OLED, projection, for 
information display and the actuations of the screens are 
based on multiple linear actuators or rods that trigger 
movements of the screens.     

The approaches and precedents mentioned above often 
produce brittle and vulnerable kinetic systems. Thus, the 
reliability, longevity and high energy consumption of these 
‘hard’ systems are the main hindrances to responsive and 
kinetic architecture as well as KOIs becoming a mainstream 
approach in the built environment. Is there an alternative to 
this approach?  

How can emerging new materials and tools be used to 
achieve fewer mechanical components in responsive kinetic 
architecture? In this context, there are potential design 
possibilities of using ‘soft’ and form-changing materials to 
fabricate kinetic and responsive architectural components 
that can also act as KOIs. Since architecture is commonly 
recognized in static form and is built to last, the idea of 
having morphing architecture constructed from soft and 
elastic materials seems contradictory. It does not intuitively 
seem feasible because soft materials do not generally possess 
robust structural properties, let alone those required for 
morphing purposes. However, advances in soft and form-
changing material technology have revealed their relevance 
to responsive architecture, especially when integrated with 
other composite materials. Khan’s Gravity Screens are an 
elastic architectural envelope that provides a novel active 
response, in which surface form results from gravity’s effect 
on the soft and elastic material patterning. These elastic 
mutable screens provide possibilities for a responsive space 
that can mutate from circulation corridors to room clusters 
[9]. However, this is not a type of KOI, as it is not designed 
to display information to users.   

Projects that have investigated the softness properties of 
kinetic materials include Kukkia and Vilkas, designed by 
Joanna Berzowska and Marcelo Coelho, whose research on 
kinetic electronic garments integrated Nitinol and custom 
electronics to move and change the body in a slow, organic 
motion [10]. Coelho further explored this idea in the project, 
Shutter, a permeable surface for environment control and 
communication [11]. Although these projects provide 
knowledge of using active form changing materials to design 
soft kinetic textile skins, they have only been used as small 
scale architectural installations. Further investigation is 
required, particularly in terms of the responsiveness, 
adaptability and scalability of these systems for applications 
in responsive architectural designs for the built environment. 

It is timely to investigate how responsive materials can now 
be applied to designing morphing building skins that can also 
act as Kinetic Organic Interfaces (KOIs). KOIs that are 
embedded as morphing architectural skins in the built 
environment and spaces that people live in will emerge to be 
the most subtle and ephemeral ambient displays, which will 
go largely unnoticed until changes occur [12] and 
deformations take place either to display information or to 
adapt itself to the needs of the user, such as to maintain 
thermal comfort, passive lighting, and so on.   

This paper presents a new synthetic material, Lumina, that is 
lightweight and performs simple sensory, kinetic and 
illumination functions simultaneously, and the two sample 
development and use cases.  

LUMINA:  A SOFT KINETIC MATERIAL  
In contrast to the conventional kinetic system, soft kinetic is a 
proposed novel concept inspired by the idea of ‘morphing’ 
for kinetic design which offers movement and shape change 
in response to the thermo-mechanical properties of materials. 
This shift challenges the current notion of kinetic structure 
relying on external actuation; in soft kinetic, the transformed 
surface becomes the actuator itself. This liberates the 
transformable skin from a heavy structure. The main idea 
behind deploying this concept to investigate morphing 
architectural designs is the integration of exoskeleton 
structure and surface to be the actual actuator with sensing 
ability. The kinetic actuation also takes place in the overall 
system with the use of form-changing materials and little use 
of mechanical components. It is ‘soft’ in system control as 
well as in material properties. 

The outcomes and results generated through the soft kinetic 
concept provides a new repertoire of responsive morphing 
architectural design ideas using accessible soft components, 
such as elastic materials (for passive deformation), form-
changing materials (for active deformation), integrated with 
sensor devices. The soft kinetic approach proposed in this 
research employs the passive deformation ability of materials 
to take advantage of their elastic nature for actuation with the 
stored elastic energy. The active deformation concerns the 
shapes or forms of materials that can be changed by external 
active energy—for instance, electricity as a thermo-
mechanical approach. These actively deformable materials 
could potentially be used as material control actuators for 
transformation purposes in kinetic architecture. While 
integrated with passive deformable materials, these materials 
serve as the active components for actuation when necessary. 
This research explores the potential for material combining 
sensing, passive and active lighting and kinetic response for 
application in the context of responsive architectural skins 
design. The integration of materials with physical computing 
brings both active and passive ‘sensibility’ and 'luminosity'. 
This integration includes materials such as Nichrome wires, 
SMA wires, glow pigments, and translucent silicone rubber. 
The purpose of these selected materials is to use a passive 
and active design strategy to minimise energy usage for 
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transformation and actuation processes. Using these 
materials, we investigate the new possibilities for designing a 
lightweight and simple sensory, kinetic, luminous 
architectural skin. The research into the materials are 
presented in the following subsections.  

Form changing materials 
Form-changing materials are very dynamic, however the 
properties of such materials vary (see Table 1). EAP (Electro 
Active Polymers) have been used in architecture, however, 
current EAP-based actuators still exhibit low actuation 
power, are not robust, and not available commercially [13].  

Form-
changing 
materials 

Com-
mer-
cial 

Elec-
tric 

stimuli 

Actua-
tion  

Trans-
forma-

tion 

Shape memory 
alloy 

Yes Yes Strong Large 

Shape memory 
polymer 

No Yes Weak Large 

Elastic 
polymer 

Yes No N/A Large 

Piezoelectric 
crystals 

Yes No N/A Small 

Dielectric 
electro active 

polymer  

No Yes Medium Large 

Ionic electro 
active polymer 

No Yes Strong Large 

Paraffin wax 
(liquid) 

No No Strong Large 

Table 1: A comparison of form-changing materials driven by 
electrical and heat stimuli. 

Shape Memory Alloy (SMA) is selected in this research 
because it is widely available, has strong actuation capacity, 
and requires minimum electric stimuli [14]. Since the 1960s, 
SMAs have been the most accessible form-changing 
materials [15]. They are commonly used in a wire or spring 
form that contracts in length when heat is applied; the heating 
can be done directly via electricity to give electrical 
actuation. When SMA is below the ‘transform’ temperature 
(60 degrees) the material takes on an ‘elongated’ and neutral 
form, but if heated it contracts and returns to the ‘memorised’ 
form. This process creates a dynamic range in the way that 
the SMA wire expands and contracts for various state 
changes. It uses the idea of leverage to maximise 
transformation in the form of bending and twisting through 
form-changing SMA springs that can expand and contract to 
five times their original length. This form-changing process 
operates through electrical heating of SMA springs 
controlled by an Arduino microcontroller. 

Lumina Skin 
Lumina is composed from translucent silicone rubber and 
glow pigments with mixture proportion at ratio 1: 2 (see 
Figure 1). It is also embedded with SMA wires for actuation 
and sensing purposes (see Figure 2). 

 

Figure 1. Left: Translucent silicone rubber. Right: Lumina in 
liquid form. © Chin Koi Khoo 

In general, silicone rubber offers good resistance to extreme 
temperatures from -55 to 300 degree Celsius. Under these 
extreme temperatures, the properties in terms of the 
elongation, compression, tear and tensile strength are far 
superior to conventional soft and elastic materials. Thus, this 
high-heat-resistance material property makes silicone rubber 
a suitable material integrated with SMAs to form the 
‘integrated’ morphing skin in terms of actuation and 
elasticity purposes. 

 

Figure 2. Left: Lumina in liquid form for moulding.  Center: 
Moulding of Lumina skin embedded with SMA wires. Right: 
Laser cutting of triangulated Lumina skin. © Chin Koi Khoo 

Lumina is equipped with two fundamental sensing capacities: 
proximity sensing, light sensing; and two responsive 
capacities: deformation and illumination (see Figure 3). 

Proximity sensing  
Lumina responds through an active capacitive sensing. The 
conductive paint blended with the SMA wires and silicone 
skin serves as a probe surface that uses changes in 
capacitance to sense changes in distance to an object or 
person (see Figure 3). When voltage is applied to the 
embedded SMA wires, it creates a uniform electric field that 
causes positive and negative charges to collect on its surface 
and on the proximity object [16]. While the distance between 
the two conductive objects is changing, this process creates 
an alternating current that sends the variable values to the 
digital platform (computer) through the Arduino 
microcontroller. Lumina senses the proximity of objects in 
the surrounding environment and responds through 
transformation of the skin surface also actuated by the SMA 
wires in various configurations.  
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Light sensing  
A series of linear photoresistors are embedded in Lumina to 
detect the level of light (Lux) in the surrounding 
environment. This light sensing facility allows Lumina 
constantly to detect the light level and send the data to the 
microcontroller to process. The processed light data is a 
variable input to activate the heating process of Nichrome 
wires for active illumination. 

 

 Figure 3. Sensing and Responsive Capacities of Lumina. © 
Chin Koi Khoo  

Illumination 
Illumination is a passive and active capacity of Lumina. It 
can store the light energy absorbed during the day and glow 
when the surrounding environment grows dark. It can also 
respond to heat activation by passing a current through the 
material. The fabrication of Lumina integrated silicone 
rubber and glow pigment to develop a passive and active 
luminous material that glows in the dark. The passive 
luminous capacity of Lumina is to absorb light energy during 
daytime and discharge the light energy after dark to produce 
the glow effect. When the local light level is lower than 20 
Lux, Lumina illuminates the surrounding area without an 
external power source. When the lighting effect of the 
surroundings is lower than 10 Lux, the active luminosity of 
Lumina is activated by the embedded Nichrome wires which 
heat the luminous material to increase the glowing effect to 
the recommended illumination level. Lumina material with 
the composite of glow pigments and silicone rubbers 
performs a glowing lighting effect by absorbing the heat 
energy (at 70-80 degree Celsius) from the Nichrome wire 
embedded within. This process is using minimal energy (3.75 
Watts (2.5V, 1.5Amp)), equivalent to one or more LED 
globes, to activate the illumination of a sample of the 
material of 150mm x 150mm when passive illumination is 
not bright enough. By integrating the glow pigments as the 
lighting system in the material itself, this is seen as a 
potential alternative to contemporary LEDs and OLEDs 
(Organic Light Emitting Diodes). 

Deformation 
The deformation is activated by the SMA wires, which 
actuate the skeleton, which is discussed next. 

Flexible Skeleton 
Since the material is designed with building-scale in mind, 
scalability is an important issue addressed in the research. 
Thus, Lumina has a skeleton that supports the form and the 
structure of the skin. The skeleton also performs the kinetic 
movement for the overall system. The exoskeleton structure 
is based on tensegrity structural approach, which reduces the 
friction between mechanical joints and achieves a lightweight 
structure. Tensegrity structures are particularly interesting 
when considering the development of responsive systems. 
Due to the interdependent nature of all the elements, a slight 
change in any of their parameters can result in a significant 
form transformation [17]. Thus, this structural 
implementation becomes part of Lumina for its flexibility 
and lightweight components. The tetrahedron modules (see 
Figure 4) form a tensegrity frame. This is actuated by the 
SMA springs to provide a more durable and lightweight 
flexible structure. The nature of this Tensegrity structure 
enables minimum actuation to achieve maximum 
transformation.  

 

Figure 4. Left: The components of tetrahedral module include 
the compressional aluminium tetrahedron and tensional 

polypropylene tendon strips. Right: Assembly of optimised 
tetrahedral module. © Chin Koi Khoo  

The two prototypes presented in the paper demonstrate uses 
of the material. Blind demonstrates how Lumina can be 
implemented as a visual display through the pattern-based 
deformations of the eye-like appertures across the surface. 
Blanket, a reciprocal intervention to improve an existing ill 
designed building environment, incorporates Lumina as a 
sensing, illuminating, and morphing building envelope.  

BLIND: ANALOGUE MEDIA SKIN 
Blind is an analogue media skin for visual communication, 
which can also be responsive to ambient conditions or live 
data streaming. Blind has a capacity to display binary images 
and motion graphics using the perforation process of the soft 
surface composed by the ‘eye-like’ permeable louvers or 
pores. The initial geometry of the membrane porosity or 
opening is inspired by the performance of the eye. This 
analogy of an ‘eye-like’ permeable louver functioned as a 
skin muscle mechanism in the eye which allows various 
porous patterns transformation (see Figure 5). The ‘eye-like’ 
louvers in the geometry are determined by their relative 
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curvature on the responsive undulating silicone rubber 
surfaces and actuated by SMA wires.                                                                           

 

Figure 5: Left: ‘Eye-like’ louvers open and close actuated by 
SMA spring. Middle: The elastic nature of silicone rubber 

‘closes’ the ‘eye’ louvers when SMA spring not heated. Right: 
SMA spring ‘opens’ the ‘eye’ louvers to allow light penetration 

and air ventilation. © Chin Koi Khoo 

This visual intervention demonstrated in digital simulation 
creates a new layer of communication between existing 
building skin and the surrounding urban fabric because of its 
constant malleable porosity through input of real-time 
information (see Figure 6). 

 

Figure 6. Left: Digital simulation of light penetrated through 
‘eye’ pores to form the numeric text on surface. Right:  Other 
text visual patterns formed by light spots penetrated through 

‘eye’ pores. © Chin Koi Khoo 

The deformation of the soft openings on the surface 
facilitates change between multiple possible visual patterns. 
This real-time analogue media effect can manipulate the 
various appearances of the skin, therefore the existing 
building envelope is in constant flux as part of a ‘dialogue’ 
with the environment and occupant interacting with it. Since 
the data is being displayed through deformation, this 
prototype can be considered as a demonstration of a Kinetic 
Organic Interface. 

The porosity transformation of the Blind also facilitates 
changes of transparency of the surface, generated by the 
individual soft openings that respond to sunlight penetration 
and shadows cast. This transformation has the potential to 
improve the spatial conditions of interior and exterior spaces 
through the dynamic communication between the two. The 
shadows cast into the existing interior space under the Blind 

canopy through this process provide morphing visual patterns 
that reduces the direct sunlight (see Figure 7).  

 

Figure 7. Digital simulation of the responsive visual patterns 
through the ‘eye-like’ pores to reduce the direct sunlight 

penetration. © Chin Koi Khoo 

BLANKET: MORPHING ARCHITECTURAL SKIN 
Blanket is a prototype sensory morphing skin that serves as a 
responsive intervention to revitalise an underused 
passageway. The development of Blanket involves 
combining responsive material systems with computational 
design processes. These material system explorations are an 
initial step towards investigating the possibility of designing 
an architectural morphing skin that integrates materials and 
computation. Blanket is a cylindrical envelope surface that is 
soft in its properties and performs responsive kinetic 
movements based on its responsive morphing system. This 
design investigation intends to evoke the alternative design 
possibilities for building skin sensing ability. 

 

Figure 8. The morphing luminous skin of Blanket absorbs light 
energy and provides lighting effects to revitalize the dark 

condition of the passageway. © Chin Koi Khoo 

The site chosen to test this design investigation is a 
passageway that is currently underused because it is dark and 
narrow. There are currently two shortcomings of this 
particular site. First, the dark and narrow passageway serves 
as a threshold between two public plazas, but lacks 
interactive social activities. Second, although it is considered 
an outdoor space, due to its narrow composition and being 
surrounded by two 10-storey buildings, there is no direct 
sunlight penetration during the day and the lighting level of 
the site does not exist at more than 50 lux. The initial data 
collection prior to the installation reveals the potential for 
designing a responsive architectural intervention as a 
reciprocal retrofit to revitalise the existing dull and dark 
conditions of the site. As a form undulating planar surface 
design, Blanket functions as an independent architectural 
design feature in the form of a ‘lantern’ envelope skin. It 
serves as a reciprocal intervention that is designed to 
overcome the existing shortcomings of the specific site 
conditions through its responsive morphing and luminous 
capacities (see Figure 8). 
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Blanket responds to two stimuli of the site: pedestrian 
movement and light. Via its responsive morphing and 
illuminating capacities, Blanket attracts increased pedestrian 
movement, thus potentially rejuvenating the existing dark 
and quiet site condition to encourage more social activities 
and interactions (see Figure 9). The skin of Blanket also 
absorbs passive light energy during the day and performs 
morphing operation for tracking the daylight through the 
integrated responsive kinetic skeletons.  

 

Figure 9. Right: Blanket in static and illuminated. Middle: 
Blanket responds to proximity of pedestrians and social 

interaction. Right: Global transformation of Blanket takes place 
to light tracking of the area with higher lux. © Chin Koi Khoo 

The tensegrity skeleton system of Blanket is composed of six 
rows of skeletal strips. Each row consists of 72 tetrahedral 
modules fabricated by compressional aluminium tetrahedrons 
with a thickness of 1.2 mm, and 216 tensional polypropylene 
‘tendons’ that form the overall cylinder shape of Blanket. 
This approach creates a tensegrity structure to achieve a 
lightweight and strengthened skeletal system for global 
transformation purposes. The global transformation process 
of this skeletal system is actuated by four SMA springs per 
row embedded in the overall skeleton. These respond to the 
external data from the individual sensing skin of Blanket. 

 

Figure 10.Complete physical fabrication of unfolded tensegrity 
skeleton of Blanket. © Chin Koi Khoo 

Since there is a repetitive structural system for every two 
rows of skeletal strips, in the final construction of the 
physical skeletal structure of Blanket, only two rows of 
skeletal strips are fabricated instead of six, as originally 
proposed, to represent the complete version of Blanket (see 
Figure 10). If unfolded, the dimension of the final fabricated 
Blanket is 1.5 meter x 4 meter, with 5mm thickness.  

There are three types of triangulated Lumina skin panels (see 
Figure 11) with various responsive capacities mentioned 
earlier to form the whole cylinder surface of Blanket: Type P, 
which has proximity sensing capacity, Type L, which has 

light sensing capacity, and Type G, which has glow or 
illumination capacity (see Figure 12).  

 

Figure 11. Top: Three different types of triangulated responsive 
Lumina skin panels. Bottom: Physical overall responsive skin 

system of Blanket, composed of three individual types of 
triangulated Lumina panels. © Chin Koi Khoo 

This active lighting interaction between pedestrians and 
Blanket transforms the dark and underused passageway into 
a vibrant and bright interactive social space during the day 
and night. 

 

Figure 12. Left: Type G panel absorbing light energy. Middle: 
Passive illumination in the lighting condition below 20 lux. 
Right: Active illumination with embedded ‘spiral’ shape 

Nichrome wires heating up Lumina skin for extra brightness. © 
Chin Koi Khoo 

This lighting transformation stage of Blanket is operated with 
three components: sensing, analysis and actuation parts. 
These communicate through the Arduino microcontroller, 
with the FireFly software [18] driving a responsive loop. This 
system is discussed in the following two subsections that 
explore Blanket’s ability to perform two fundamental 
transformable capabilities: global and local (see Figure 13). 

The global transformation capability of Blanket provides a 
proposed light tracking ability through deforming its overall 
tensegrity skeletal structure towards an environment or light 
source with a higher lux level. This tentative design intention 
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and ability to track light in order to maximise light energy 
absorption is derived from the shortcoming of the site 
condition, which has no direct sunlight penetration during the 
day. By embedding only four SMA spring actuators in each 
row of the triangulated tensegrity skeleton, the flexible and 
elastic nature of this structural system can perform a greater 
deformation process, thereby allowing the Lumina skin 
surface of Blanket to orientate towards the direction with a 
higher lux level during the day (see Figure 14). The overall 
Lumina skin surface then releases the light energy absorbed 
during the day to illuminate the darker area of the site 
through the global transformation process. This process takes 
advantage of the passive and active responsive capacities of 
the overall material system of Blanket, which is concerned 
with minimum energy usage to achieve maximum actuating 
and luminous performance. Although only two rows of 
triangulated skins and tetrahedral skeletal structures of 
Blanket are physically constructed to test its responsive 
global transformation capability, it represents and 
demonstrates the full potential of the completed cylinder 
shape of Blanket. This transformation capability is also 
complemented by the digital simulation, discussed earlier in 
this subsection, which shows the continuous transformable 
undulating skin surface of Blanket that is responsive to 
various lighting conditions. 

 

Figure 13. Preliminary digital simulation demonstrates the light 
tracking process of the responsive global transformation 

capability of the tensegrity skeletons and skins. © Chin Koi 
Khoo 

The ability to perform local transformation for the skin of 
Blanket focuses on the transformation of porosity, as well as 
the lighting pattern triggered by the SMA wires (see Figure 
7). In addition, the SMA wires embedded in the physical skin 
panels of Type P and Type L serve as linear heaters. When 
heated by electric stimuli, they contract and heat the Lumina 
material to create linear luminous lines to form the 
transformable illuminated patterning of the skin (see Figure 
15). It can store the light energy absorbed during the day and 
glow when the surrounding environment becomes dark (see 
Figure 16). It can also respond to heat activation by passing 
an electric current through the material. 

 

Figure 14. Left: SMA spring embedded in the tensegrity 
skeleton of Blanket. Right: Early physical assembly of one row 
of tensegrity skeleton embedded with two SMA springs to test 
the overall global transformable capability of Blanket. © Chin 

Koi Khoo 

 

Figure 15. Left: Closed state of the eye-like openings (arrows 
indicate). Middle: Opened state actuated by contraction of SMA 
wire (arrows indicate). Right: Two embedded linear SMA wires 
through heating and actuating perform the luminous patterning 

of Lumina skin. © Chin Koi Khoo 

 

Figure 16. Left: Normal artificial lighting condition for the two-
row final physical prototype of Blanket. Right: Self-passive 

illumination of Blanket in the dark environment. © Chin Koi 
Khoo 

To implement the two sensing and responsive capacities of 
Blanket, it was necessary to develop a further schematic for 
these capacities using 10 analogue input pins (sensing) and 
10 pulse-width modulation (PWM) analogue output pins 
(responding) of the Arduino Mega microcontroller. The first 
initial four analogue input pins (zero, one, two and three) 
receive the light data from the linear photoresist wire 
embedded in the triangulated Lumina skin. After analysing 
with the Arduino microcontroller through the embedded 
Firefly Firmata protocol [18], these processed data are sent to 
four respective PWM pins (two, three, four and five) for the 
responsive global transformation for light tracking. This is 
done by regulating the electric current to heat the SMA coil 
springs that allow actuation (for the lower row surface of 
Blanket) to occur. The subsequent analogue input pins four 
and five receive proximity data of pedestrians’ movements to 
trigger the upper row surface transformation through another 
two SMA coil springs through PWM output pins six and 
seven. Analogue input pins six and seven also receive 
proximity data. However, these data are controlled by output 
pins eight and nine for local transformation. This is done to 
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regulate the opened and closed state of the eye-like apertures 
of the triangulated surface panels through the embedded 
SMA wires. The final two analogue input pins eight and nine 
sense the lux level of the surrounding lighting individually to 
allow the two output pins 10 and 11 to regulate the heating 
process of the triangulated spiral Nichrome wires embedded 
in the Lumina skin panels to achieve active illumination. This 
complete physical schematic set-up provides certain 
flexibilities to increase or decrease the sensing and 
responsive ‘point’ of the individual triangulated skin panel, 
adjusting according to various environments and site 
conditions. 

As mentioned earlier, the proximity sensing of Blanket is 
controlled through its Type P modular skin panel that 
performs active capacitive sensing. Once they sense 
proximity of a moving object in the surrounding 
environment, the skin surface of Blanket leans towards the 
object. This sensing and responsive process is achieved 
through contraction and expansion of the SMA springs 
embedded in the tensegrity skeleton with external electric 
power (12V, 3 Amp) controlled by Arduino microcontroller 
to allow various transformable surface configurations (see 
Figure 17). The luminous skin of Blanket not only performs 
seamless proximity sensing—by responding to the proximate 
object, it illuminates and glows in the adjacent dark 
atmosphere.  

 

Figure 17. Left: Luminous Blanket in static state. Right: Partial 
skin of Blanket contracts to respond to the proximity of moving 
object, as well as accommodating the object in the darker area 

by providing extra illumination. © Chin Koi Khoo 

Instead of the typical approach of using responsive sun 
shading devices or brise-soleil for building façades, the skins 
of Blanket provide an alternative that allows the skin itself to 
glow, thereby providing illumination for the surrounding 
environment. The newly developed synthetic phosphorescent 
material, Lumina, as discussed in previous subsections, is 
used as the skin of Blanket to absorb light energy during the 
daytime and discharge the light energy when dark (see Figure 
18). The sensing skins of Blanket detect areas with higher lux 
levels, and the kinetic skeleton responds and morphs towards 
this area to absorb maximum light energy during the day. 
When the light level of the area is lower than 20 lux, Lumina 
illuminates the surrounding area without an external power 
source.  

This glowing effect revitalises the existing dark condition of 
the passageway during the night. Through proximity sensing, 
it creates reconfigurable lighting effects when human 

movement is detected. The atmosphere of the chosen site is 
revitalised through the performing lighting effects of Blanket 
to transform the existing environment into a dynamic place 
for social interaction. 

 

Figure 18. Left: Lumina skins absorb daylight energy. Middle: 
Passive illumination. Right: Two type G panels perform active 

illumination activated by heated Nichrome wires embedded 
within the skin. © Chin Koi Khoo 

LIMITATIONS AND FUTURE WORK 
During the research period, there are several limitations and 
shortcomings regarding the research outcomes and findings. 
These were evaluated through three identified factors: 
durability, energy efficiency and scalability. These factors 
emerged when reflecting on the outcomes of the design 
investigation through observation and testing of the physical 
experiments. 

Durability 
There is room for future researchers to investigate 
appropriate durability concerns in terms of the wear and tear 
of the responsive capacities in the Lumina when confronted 
with the external environment. Convenient examples will be 
to test against hostile weather conditions and human 
interaction. Further studies could investigate the relationship 
between controlling and material systems by using less 
discrete components of connection integrated with 
weatherproof elements and more efficient ways of exploiting 
form-changing materials. By doing so, the durability issues 
of these responsive material systems could be overcome in 
the near future. 

Energy efficiency 
Although the energy efficiency of the working design 
prototype is beyond the scope of this paper, to a certain 
degree, Lumina adopted the idea of an active and passive 
design strategy to minimise the energy used, especially for 
actuation and transformation purposes. The energy efficiency 
of the research outcome became a factor of concern and 
remains an opportunity for future research to investigate in 
the area of sustainable kinetic architectural design. 

Instead of being restricted by current technological 
development, this limitation can be overcome to achieve a 
self-sustainable and energy-efficient responsive morphing 
architecture by exploiting the existing technology of solar 
power in a novel manner, such as by using organic 
photovoltaic printable solar cells. Printable solar cells are 
promised with their low-cost, longevity, efficiency and 
lightweight advantages. It is in the form of stable liquid that 
can be potentially printed and painted onto the surfaces of 
papers and fabrics [19]. This newly developed technology 
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potentially creates a new paradigm for solar energy 
distribution that is seamlessly integrated into ubiquitous 
formats of walls and roofs. While this technology is 
integrated to the responsive material systems such as 
Lumina, the issues of the sustainability and energy efficiency 
of such systems can be anticipated and overcome. 

Scalability 
Blanket conceived during the process of the design 
investigation are full-scale implementation that test the 
optimum potential for responsive material systems applied to 
responsive morphing architectural designs. Although these 
prototypes demonstrate positive and promising outcomes, 
these full-scale implementations solely reveal the initial 
potential for early stage prototypical designs. There are still 
enormous challenges ahead in terms of practicality and 
applicability in order for morphing architecture to be fully 
implemented. One of the greatest challenges is transferring a 
small-scale material actuator, such as SMAs, to achieve a 
full-scale architectural deformation and transformation with 
fewer mechanical components. Based on this limitation, it is 
often necessary to constantly improve architectural element 
or component in terms of its material selection and structural 
design to achieve an appropriate scale. 

Instead of being an obstacle, this limitation of scalability is 
an opportunity for an ongoing investigation of the 
possibilities of applying responsive material systems for life-
size morphing architectural designs. When using form-
changing materials to serve as actuators, and exploiting 
flexible structural systems such as the tensegrity skeletons 
developed in Blanket, this approach motivates a different 
design paradigm to achieve maximum transformation with 
minimum force. Based on the early success of the design 
investigation, the idea of leverage was introduced and 
applied within the tensegrity skeleton structure for 
transformation purposes. It presents an optimistic research 
direction to ease the limitation of the scalability issue to 
anticipate full architectural implementation, even with small-
scale material actuators integrated. 

 

Figure 19. The Cloud prototype. © Chin Koi Khoo 

Another recently completed work which has tested the factor 
of scalability is the integration of Blind and Blanket as one 
prototype, called Cloud (see Figure 19 and 20), which has 
been exhibited in an indoor space. The dimension is 7.8 
meter x 2.5 meter, with 5mm thickness. It performed as a 

luminous canopy to rejuvenate existing space but in 
horizontal setting. Imagine it functions as an active bus 
shelter in a cold winter night, providing ambient lighting as 
well as active heating. 

Future work includes testing the Cloud prototype in outdoor 
conditions and involves further investigation on the heating 
capacity of the Lumina material to provide ambient thermal 
comfort for users. 

 

Figure 20. Morphing and illuminating Cloud. © Chin Koi Khoo 

CONCLUSION  
For decades, architects and designers have investigated the 
idea of architecture that responds to users and has certain 
intelligence. These investigations have led to countless 
design outcomes to produce some very intriguing potential 
architectural designs. Responsive architectural skin is one of 
many, and perhaps the most common, applications among 
responsive kinetic architectural design explorations. The 
outcome of the design investigation in this paper is an 
approach to develop a design strategy through novel 
materials and tools, thereby developing a working prototype 
with sensing morphing material systems for responsive 
architectural skin design. This approach to integrate form-
changing, sensing and luminous materials with physical 
computational process for real-time data of external stimuli 
signifies the beginning of a design paradigm in which 
responsive kinetic architecture can go beyond mechanical 
components and discrete sensing devices. 

The design investigation explored in this paper takes an 
initial small step towards exploiting the opportunity and 
developing a synthetic soft kinetic material for responsive 
architectural design that uses novel methods and tools. 
Instead of providing an ultimate answer, the newly developed 
material, Lumina, not only demonstrates a promising design 
notion, but also offers alternative solutions to problems of 
responsive kinetic architectural design and kinetic organic 
interface research. They serve as a trajectory for future 
research in the field of responsive materials and systems for 
morphing architectural designs. By embedding sensing, 
analysis, computation, and actuation capabilities in the 
research of ‘soft’ and form-changing building materials, this 
research demonstrates that a new soft kinetic material in 
which physical computing is synthesized with dynamic 
material properties can be conceived. 

The development of Blind and Blanket design prototypes 
provide a proof of concept for investigating new 
opportunities in the area of responsiveness, involving a new 
material system for kinetic architectural design and organic 
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user interfaces using Lumina as a form-changing and 
responsive material. With the real-time data processing 
capability of physical computing devices and open source 
software tools used in this research, we can explore an 
interactive design technique to simulate the behaviour of the 
3D digital prototypes in response to real-time analogue data, 
prior to physical prototyping. This provides an instant and 
continuous feedback loop in the design process. However, 
this technology would not have been possible for this 
research without the accessibility and affordability of the 
existing sensors, materials, tools and open-source software. 
Their economical and near disposable nature are clear 
advantages for exploring alternative processes of designing 
responsive and kinetic architecture and new organic user 
interfaces.  
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