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biological and technical systems remind us that the furniture sector can 
draw values from both. Any one of these value cycles can extend the 
life of a product. A combination of value cycles manifests a traceable 
impact on the economy and the environment. These two models are 
often defined as cradle-to-grave (linear economy) versus cradle-to-
cradle (circular economy) (Ellen MacArthur Foundation, SUN and 
McKinsey, 2015). 
	

 
 
Fig. 3.1 - The Butterfly Diagram for Circular Economy. Circular economy systems 
diagram. Ellen MacArthur Foundation (2019). Drawing based on Braungart & 
McDonough, Cradle to Cradle. Copyright © Ellen MacArthur Foundation (2019), 
www.ellenmacarthurfoundation.org. 

 
Addressing the critical problem of natural global resource deple-

tion, the Ellen MacArthur Foundation (2013) has summarized four 
principles of the CE as “points of action” to revitalize existing material 
value throughout one or more stages in the manufacturing of products. 
The authors see value in the four principles and will later synchronize 
them to exemplary cases. It is important to note these are complemen-
tary, yet distinct from green and sustainable principles. Subcategories 
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the relationship with the environment (whether intended as context, 
people, etc.) structure the articulation, characterizing a specific mor-
phological and spatial interpretation. In the context of this reflection, 
“set of data” means a collection of “raw” values, not determined to a 
specific form and scale, which through a process of helpful refinement 
for their interpretation (a method of translation within a particular do-
main of reference), become materials through which to build infor-
mation or structure knowledge. In the case of architecture, this struc-
turing process leads to composition. 

The translation of data into representation has thus a double role: i) 
to build a sort of general framework of the project, which defines the 
framework of rules and the general principles of interaction; ii) to 
make the project emerge from an articulated whole, but not yet 
formed, which already possesses within itself all the elements that will 
characterize its generation. 

Converting data from external domains into a project structure is a 
problem of rewriting in a different language and equivalence between 
the parts since the system of signs strictly connects its interpretation 
within other signs and semantic contexts (Fig. 4.1). 
 

 
 
Fig. 4.1 - Simulation of the responsive behavior implemented by facade petals in the 
Aegis architects’ project Al Bahar Tower in Dubai (author’s revision of façade de-
tail). The algorithm determines the dynamic morphology of a star origami by calcu-
lating the distance of each center from the sun’s line of incidence. The transversality 
of the data is the crucial factor in the design. The data obtained are continuously 
remapped between 0/1 domain, corresponding to the opening and closing positions 
of the petals, then used as input in the control of the distance between the points of 
the geometry. 

 
As Speed & Oberlander (2016) suggest, it is possible to distinguish 

three main approaches of the relationship between design and data: 
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Fig. 4.3 - The Resonant Chamber project (© rvtr) was iterative research and devel-
opment in computational testing and full-scale prototype installation for the Univer-
sity of Michigan. The project was an exploration of kinetic tessellated architectural 
systems and variable acoustic surfaces that use specific geometries. The project 
aimed to develop a sound sphere able to adjust its tessellated origami patterns to 
achieve the optimal conditions for the sound. 

 
The context outlined by the two authors is hybrid, and the relation-

ship between analog and digital takes on peculiar features. Moreover, 
where the different disciplinary fields (mainly design, architecture, art, 
engineering) intertwine with each other and with the topic of digital 
computation to acquire and increase design value. Boundaries of the 
various domains and the rigidity of the scale that drive additive com-
positional logic between the different layers of the construction are 
blurred (Nebuloni, 2020a). The surface is first discretized into basic 
modules and then populated by new families of technological artifacts 
from an organic whole: the adaptive component system. 
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Using sensor-actuators and processing2 the physical ball is linked 
with the virtual. Each movement of the ball initiates transformations 
in the virtual world. The virtual and physical worlds mirror each other 
in a playful way. While there is only one physical ball moving in a 
controlled trajectory of up and down, the virtual world represent mul-
tiple balls showcasing the artistic interpretation of the trajectory. 

By introducing Design-to-Robotic-Operation (D2RO) framework 
developed at TU Delft workshop participants design explored the use 
of Wireless Sensor and Actuator Networks (WSAN). Projects aimed 
to interface the virtual and physical worlds via intuitive mechanisms, 
where physical actions mirror actions or reactions in the virtual envi-
ronment. The project presented here used physical motion to define 
the position of digital objects within a virtual space (Figs. 5.2 and 5.3). 
In this project, a wearable device integrated into a ball on two strings 
was used to link accelerometer data wirelessly to a virtual environ-
ment. This data informed the virtual environment to mirror the physi-
cal movement within the physical space. By connecting the physical 
with the virtual, the architectural space transforms into a hybrid envi-
ronment, wherein spatial experience is not anymore sequential. 	

 

 
 
Fig. 5.4 - Landscape-like design based on activities 24/7. 

	
	
2 https://processing.org.	
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5.2.3 Interactive Urban Furniture (2017) 
 

The third case study explores the potential of interactive systems for 
urban furniture3 with movement sensors and lighting actuators inte-
grated into a landscape-like design located at the river side in Rotter-
dam. The study of activities and potential new activities on respective 
location played an important role in the design (Fig. 5.4). In addition, 
factors such as climate, water tides, surrounding urban context, flora 
and fauna, etc. were studied. Once the parameters to inform the design 
were identified, the form-finding process was initiated using activity 
patterns as driving force. Voxels were employed to define the scale 
and distribution of activities in each part of the urban furniture and 
then their smoothening was implemented in order to achieve a contin-
uous easily accessible landscape. 

 

 
 
Fig. 5.5 - Sensor-actuators integrated in the urban furniture. 
 

The integration of sensor-actuators was implemented in relation-
ship to the identified and newly defined activity patterns. Lights were 
integrated to not only assist users with their activities but also instigate 
playful interaction in form of ‘catch me if you can’ or similar. The 
lights would turn on and off, change intensity or color depending on 
the activities that are taking place and the time of the day.  They would 
precede or follow runners or surround resting users.  
	
	
3 http://uf.roboticbuilding.eu/index.php/Msc1G3:Group. 
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Fig. 5.6 - Interactive stage at the Game Set Match symposium 2016.  
 
 

5.2.5 Drones Swarm 
 

Moving beyond integration of interactive devices into the built en-
vironment, in a project developed for a fictive world expo, students 
designed swarms of drones that guide visitors through the exhibit site 
and create temporary dome-shaped pavilions (Fig. 5.7). The swarm of 
drones was conceptually designed to operate semi-autonomously. The 
drones rely on Swarm Intelligence (SI) to act as a coordinated swarm. 
They follow simple rules of separation, alignment and cohesion and 
are communicating with each other while being as well aware of the 
environment hence avoiding collisions and aggregating in specific 
configurations.  
 

	
	
Fig. 5.7 - Swarms of drones reconfiguring according to human needs rely on a bio-
cyber-physical feedback loop. 
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Fig. 6.5 - Scheme of relational dynamics that characterize the aesthetic experience 
with our four chosen animate objects. 
 

This means that they both stimulate our senses and our cognition, 
establishing relational qualities in which objects’ meaning and value 
are built.  

Through the case studies, we tried to offer a phenomenological 
taste, albeit minimal, of the current research practices on animate ob-
jects. These include common objects (toasters, lamps, clothes, etc.) 
with a primary function accompanied by a second one that adds qual-
ities to the experience resulting from the object’s presence and use.  

This scenario is comparable to neither computers nor robots in 
terms of complexity of the technical functionality or efficiency of the 
tasks. From Alain Turing’s (Turing, 1950) foresight that machines 
would become more effective if they became credible companions, we 
shift to the philosophy of “meaningful presence”, in which common 
everyday objects become machines to improve our lives from an eco-
logical point of view. Their presence is «part of who we are, how we 
live and how we express ourselves» (Hallnäs and Redstrom, 2002, p. 
121) - and not just. Animate objects carry affective relationships in the 
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development, denoting a strict closure of mind towards the topic. On 
the diametrically opposite side, the digital utopian’s thought evolves 
throughout the questionnaire. Mainly maintaining a positive attitude, 
(s)he develops critical angles and sets boundaries that should not be 
crossed. Finally, within the most accredited and cautious attitude, di-
versity seems to be the predominant feature. Each SFP is carefully 
evaluated, with no recurrent assumption influencing the judgment. In 
this way, every scenario allows raising different considerations and, 
eventually, a nuanced picture can be framed. Critical thinking unites 
those who positively perceive AI as an asset for the future, a quality 
generally recognized as distinctive for designers. 

Going into the assessment of the SFPs (ii), interesting insights can 
be drawn by analyzing the three required contributes (cognitive ap-
praisal, affective response, and motivation) separately and then con-
fronting them to spot discrepancies. Due to the conciseness of the re-
sponses and the limited number of respondents, this evaluation is 
purely qualitative yet systematic. 

 

 
 
Fig. 7.2 - Cognitive appraisal of the SFPs. 
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7.3.1 The physiological house: a balanced solution  
 

The physiological house has the most balanced distribution of pos-
itive and negative opinions, and within these factions, the positions are 
convincingly emphasized. If the general judgment tends towards a 
constructive vision of the system adapting the environment according 
to people’s physiological parameters, the emotional reactions reach an 
equilibrium. On the positive side, the house is perceived as an im-
provement. It is praised as great, wonderful, helpful, primarily because 
of its capability to adapt - matching personal needs and desires - and 
to automate tasks, bringing comfort and saving time. Some concerns 
about the preservation of human agency and data protection arise. On 
the other, negative impressions primarily revolve around the concept 
of autonomy, intended both as a harmful capability for the AI system 
and as a lack of control for people. Additional comments mark pri-
vacy, transparency, and non-necessity as problematic issues. Proba-
bly, the ambivalent perception depends on the fact that the house deals 
with personal data, but without interfering in the inhabitants’ private 
lives, it just manages contextual conditions. Then, the position of re-
spondent may interchangeably focus on the convenience or the auton-
omy of the system. 
 

 
 
Fig. 7.3 - Qualitative categorization of the physiological house’s assessments. 
 
 
7.3.2 The activity house: practical but despotic 
 

The activity house, instead, sets the beginning of a general tendency 
towards unfavorable assessments. Already slightly intelligible from 
the cognitive discrimination (even if the responses are quite assorted), 
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a predominant uneasiness is manifested by the affective reactions and 
explanations. Positive statements are more tepid than the previous, 
with less enthusiastic terms depicting the house as pleasant, likable, 
interesting, and helpful. What has been chiefly endorsed is the practi-
cal aspect it embeds: it grants a better organization and possible bene-
ficial health implications. Inevitably, though, criticisms concern the 
obtrusiveness of the system and the dependency it may instill. The 
same issues are reinforced in the negative observations. Human dom-
inance and freedom are defended against succumbing to a trespassing 
technology: it makes people “feel watched” and question the meaning 
of being human, which, according to the respondents, cannot be de-
fined in an exclusively pragmatic perspective. In this case, the AI sys-
tems need to intrude people’s lives, with the activity log being the only 
source for it to be an effective counselor. Surprisingly, for design ac-
ademics exposed to the discussion about privacy and trustworthiness 
issues, what bothered them the most is the feeling of deprivation of a 
controlling role. 
 

 
 
Fig. 7.4 - Qualitative categorization of the activity house’s assessments. 
 
 
7.3.3 The hedonic house: too much 
 

The sensation is amplified in the hedonic house. Mainly appearing 
as a dystopia, it finds quite a united hostile front. The reaction is almost 
indescribable, with more than one respondent emblematically stating 
“it is too much”. Again, the figuration of this house is rejected, as it 
could take pieces of humanity away. Major fears are related to the au-
tonomy of the person over machines and the isolation and dissatisfac-
tion that a compliant behavior may produce. In return, responses bring 
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out a will of escape from the house itself as it is no place to find enter-
tainment, and the word “afraid” appears twice. Two are the positive 
comments on the hedonic house, appreciated for avoiding burdensome 
tasks but still arising questions about the actual necessity of a func-
tional and unconventionally entertaining system. Indeed, here the 
practical aspect of the self-sufficient house seems to pass overlooked, 
and just the protagonist behavior, optimized to provide pleasure, is on 
the spot and not gaining popularity.  

 

 
 
Fig. 7.5 - Qualitative categorization of the hedonic house’s assessments. 

 
 
7.3.4 The eudemonic house: intruding human life 

 
Ultimately, the eudemonic house shows an apparent balance both 

in the cognitive appraisal and affective evaluation, but this is betrayed 
in the more articulated explanations, leaning, once again, towards a 
negative criticism. In the few positive opinions, the tone is still cool 
and the responses are scarcely eloquent. Only one envisions positive 
repercussions for (physical) health, while human agency and caution 
about not confining oneself to the home are advocated. However, they 
portray the house in terms like good, interesting, beneficial, prefera-
ble, useful, and non-intrusive. The latter, though, is a controversial 
point as intrusiveness is a recurrent motivation in adverse comments. 
Here, the eudemonic house even causes people to feel invaded in their 
freedom, manipulated, judged, and puppets in the hands of a mediat-
ing, directing, and managing system. Once again, human independ-
ence is central, and someone, exhausted, states that (s)he associates 
psycho-physical well-being to nature and open air. Then, no matter 
how much the narrative was underlying the discrete, constructive and 
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supportive role of the house, at this point, a sort of oppression seems 
the predominant impression. However, some usefulness is recognized: 
the system can be pleasant and of great help in specific situations, such 
as managing complex problems and entertaining the masses. 

 

 
Fig. 7.6 - Qualitative categorization of the eudemonic house’s assessments. 
 
 

 
 
Fig. 7.7 - Affective evaluation of the SFPs. 
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The book explores evolving perspectives on furniture, interior, spatial and
architectural design, providing a multifaceted view of how the design disci-
pline and practice deal with the complex and ever-evolving interplay bet-
ween the physical and the digital realms. It explores the new frontiers of
digitally enhanced design, investigating how computation capabilities im-
pact the design discipline and designers’ thinking and practice. Today more
than ever, the design discipline must cope with the need to absorb technical
skills and dialogue with traditionally distant domains. The core competencies
in the Human-Computer Interaction field are becoming essential to every
design branch: the computational power is entering the design process, mo-
difying how products and spaces are designed, how they are produced,
and how they will impact the daily life of users. 

The book explores these novel frontiers, proposing captivating portraits
of digitally enhanced design possibilities, from tools and processes to ex-
pressive potentials. 

Industry 4.0 and traditional craftsmanship hybridize in view of a circular
and just economy for the furniture sector, imagining new approaches to-
wards the European Green Deal. The sensing capabilities are intertwined
with the materials to create a new form of animated objects, proposing a
novel design approach beyond the user-centered one. The computational
power of lighting design tools is entering the complex BIM methodology,
exploring the problematic integration between the two worlds, and propo-
sing solutions to support the design activity. Artificial Intelligence reframes
the domestic landscape, thanks to Science Fiction Scenarios, to stimulate
reflection on the designer’s role in framing utopic/dystopic futures. Finally,
data drive the design of adaptive morphologies, exploring the context of
computational design with a conceptual framework and reflecting on how
robotic design can contribute to architecture.

FrancoAngeli
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