
Buš, Peter (2020) User-driven Configurable Architectural Assemblies: Towards 
Artificial Intelligence-embedded Responsive Environments.  In: Werner, 
Liss C. and Köring, Dietmar, eds. Anthropologic – Architecture and Fabrication 
in the Cognitive Age: From Smart to Behavioral / From Digital to Material- 
Proceedings of the 38th eCAADe Conference, TU Berlin, German. 2. pp. 
483-490. Institute of Architecture, Technische Universität Berlin, Germany, 
Berlin, Germany ISBN 978-94-91207-21-1. 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/85474/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.14279/depositonce-10569.2

This document version
Publisher pdf

DOI for this version

Licence for this version
CC BY-NC-SA (Attribution-NonCommercial-ShareAlike)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/85474/
https://doi.org/10.14279/depositonce-10569.2
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


User-driven Configurable Architectural Assemblies

Towards artificial intelligence-embedded responsive environments

Peter Buš1
1The Bartlett School of Architecture, UCL London, United Kingdom as well as
Digital Architecture Research Centre (DARC), Kent School of Architecture and
Planning, University of Kent, Canterbury, United Kingdom
1ucbqpbu@ucl.ac.uk and p.bus@kent.ac.uk

The paper theoretically elaborates the idea of individual users' customisation
activities to create and configure responsive spatial scenarios by means of
reconfigurable interactive adaptive assemblies. It reflects Gordon Pask's concept
of human and device interaction based on its unpredictable notion speculating a
potential to be enhanced by artificial intelligence learning approach of an
assembly linked with human activator's participative inputs. Such a link of
artificial intelligence, human agency and interactive assembly capable to
generate its own spatial configurations by itself and users' stimuli may lead to a
new understanding of humans' role in the creation of spatial scenarios. The
occupants take the prime role in the evolution of spatial conditions in this respect.
The paper aims to position an interaction between the human agents and
artificial devices as a participatory and responsive design act to facilitate
creative potential of participants as unique individuals without pre-specified or
pre-programmed goal set by the designer. Such an approach will pave a way
towards true autonomy of responsive built environments, determined by an
individual human agent and behaviour of the spatial assemblies to create
authentic responsive built forms in a digital and physical space.

Keywords: deployable systems, responsive assemblies, embedded intelligence,
Learning-to-Design-and-Assembly method, Conversation Theory

INTRODUCTION
The concepts of user-driven configurable assemblies
to create customised spatial scenarios are starting to
be prevalent again with applications of digital fab-
rication and automation methods for an assembly,
employed in architecture in recent decades. Also
the recent projects involving certain level of intelli-

gence of devices and building blocks with the abil-
ity to create spatial scenarios by themselves explore
rule sets predefined by the designer. There are many
customisation-related deployable systems, built and
modified by users based on architect’s proposed
combinatorial system of configurations, such as con-
cept of moving adaptive assemblies elaborated by
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Bondin & Glynn (2014) or intelligent tensegrity self-
assembly components by Hosmer & Tigas (2019).
These two projects and a variety of deployable sys-
tems are reflected in the text below, in the State-
of-the-art section. These systems use automation-
enabled processes to discover spatial possibilities
and locomotion of the building components to au-
tomatically assemble demanded configurations.

Contemporary built environments are facing
many challenges, i.e. often changing spatial require-
ments, a necessity to be customised according to
specific criteria (openness, closeness, flexible spa-
tial arrangement) or spatial demands that cannot be
predicted and that are addressed directly onsite. In
addition, such a system should have capacities to
be reconfigured physically and directly by end-users
themselves. In response to their stimuli, the assembly
may learn the unique demanded scenario defined by
the end-user and offer an adequate response within
a given conditions of environments.

Therefore, it is necessary to incorporate end-
users’ perspective into abilities of assemblies to be
modified and changed in post-actuation processes
of built environments and in an interactive way. Ap-
plication of deployable architectural systems based
on mechanisms and components driven by peo-
ple’s stimuli and embedded intelligence to meet
their needs is a strategy where this intention can be
achieved. The paper addresses a problem of mass-
customisation and uniqueness of spatial scenarios
considering users’ spatial preferences. It theoreti-
cally outlines a method how to incorporate user’s
demands interactively and responsively, considering
important relations between environment, built as-
semblies and people as end-users in a physical way.
The mass-customisation as a process to meet peo-
ple’s needs and demands is an inevitable necessity in
a current post-digital era, where the user plays a piv-
otal role in these activities. An architect’s role within
this context will mostly rely on a creation of initial
rule-sets of an assembly and logic of spatial configu-
rations based on combinatorics, with unpredictable
results. An architect will serve here as an idea initia-

tor, mediator, activist and a creator. This idea meets
Jean Prouvé’s concept of being an architect, who, in
fact, serves as a constructor (Wigley, 2017). This pa-
per theoretically elaborates such an approach and
outlines a possible route for further development of
computational design-related and assembly strate-
gies for intelligence-embedded spatial scenarios.

State-of-the-art in deployable systems
The advent of digital fabrication methods supported
by processes-driven design strategies and scripting
(Burry, 2011) opened broad opportunities to explore
deployable systems in digital computational and
physical models incorporating robotics and smart
mechanisms and devices, such as in the CREASE
project by Mesa et al. (2019). The idea of crowd-
driven digital and physical participatory construc-
tion methods to address social engagement, cus-
tomisation and open-ended spatial scenarios is ad-
dressed in Bondin & Glynn‘ s project Morph (2014)
as a starting point to deliver a physical prototype ca-
pable to interact with its environment. The Morph
integrates interactive stimuli initiated by occupants
where their role as end-users in the post-actuation
processes of built scenarios is inevitable. This allows
to outline a scope for participatory design strate-
gies applicable directly on-site in infinite continuous
design-to-assembly looping processes. The system
is driven by end-users and capacities of assemblies
themselves to responsively react to occupants’ indi-
vidual needs. Such an approach positively affects
the public space and creates an important space for
social engagement of end-users and visitors. Even
though the system proposed does not integrate nat-
ural resources and materials used are not specifically
environment-related, the system counts with the al-
ternative sources of energy to drive the movement
for adaptation.

Similarly, the ART system by Hosmer & Tigas
(2019), explored the notion of artificial intelligence-
embedded moving agency creating fully au-
tonomous scenarios pre-defined by the designer in
computational simulation models and small-scale
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prototypes. Although these artificial intelligence-
driven assemblies created unique scenarios, the im-
plementation of original stimuli taken and learnt
from end-users as occupants to meet their individ-
ual needs or requirements is problematic. An ad-
vanced electronic setup based on robotic actuators
requires a specific experts’ attention, probably un-
clear and peculiar to operate with by a lay person.
This can be possibly achieved digitally, via user inter-
face supported by the computational design frame-
work. Both projects use the process of deployment
for the main structural elements of the moving com-
ponent. Although Hosmer & Tigas (2019) developed
successful prototypes of intelligence-driven compo-
nents, a certain level of technological complexity is
present, which is a challenge how to overcome this
level of complexity if dealing with real non-experts
occupants.

The idea of deployable adaptive and flexible ty-
pologies for built environments is not new. Inven-
tor Buckminster Fuller [1] and later architect Emilio
Pérez Piñero applied these systems extensively into
hierarchical spatial structures in a variety of projects
(Escrig Pallares et al., 1996). Félix Escrig investi-
gated Piñero’s systems to be applied as contempo-
rary architectural interventions (Borrego, 2016) en-
hancing Piñero’s components. There are several
examples proposed integrating deployable folding
mechanisms,mostly driven by a human force and en-
ergy applied tomodify theoverall formof hingedand
folding mechanisms capable of expanding and con-
tracting without colliding with neighbouring com-
ponents. Stadium constructions, theatres and roofs
utilise mechanical joints and linear elements ex-
tensively. Architect Cedric Price investigated cus-
tomisation and “kit-of-parts” approach in his hous-
ing projects [2], or integrated flexibility of spaces in
his famous Fun Palace (Glynn, 2005) [3], addressing
flexibility, mass-customisation and open-ended con-
struction framework [4].

The structures integrating so called auxetic prop-
erties, such as KinetiX (Ou et al., 2018) or Hober-
man’s Sphere (Hoberman, 1990)[5] operate with sim-

ple mechanisms embedded into the structural sys-
tem. As such, the system can be reshaped, expanded
and changed in its size and in a physical profile based
on a variety of transformativemovements of its com-
ponents, possibly aggregating as self-autonomous
components, previously explored by Tibbits (2017).
Overvelde et al. (2016) and Soft Robotic Matter
Group investigates self-drivendeployable systemsei-
ther by using robotic actuators (Mesa et al., 2019)
or gravitational, pulling or pushing forces to reshape
the assembly of unit cells [6]. All these systems in-
tegrate capability of the component to be morphed
and reshaped into a different state. The Morph tetra-
hedron also reflects Greg Lynns’ ideas of a building
which operates as a robot itself (Lynn, 2016), reacting
on a specific demands and having a capacity to be
reshaped and reconfigured according to spatial de-
mands. However, this opens a question, whether cur-
rent technological advancements in robotic industry
and construction sector are capable to dealwith such
processes in real 1:1 scale, as all these kinetic assem-
blies are in a stateof small-scaleormedium-scalepro-
totypes.

The intelligent discrete components, capable to
learn from the inputs and users’ profiles, may create
flexible adaptive landscape or a spatial configuration
within the existing building or a given urban public
space creating a unique spatial ”landscape”, flexible,
movable and topologically changeable, as argued by
StephenGage (conversationwith the author, Decem-
ber 11, 2019). In addition, the assemblymay incorpo-
rate hierarchical structure of the assembly operating
with different characteristics of the components and
hierarchical complexity.

Reflection on Gordon Pask’s Conversation
Theory
Following the idea of customisation of public urban
or architectural spaces with a deep social engage-
ment of its occupants (Bondin & Glynn, 2014), this
opens a broad range of new research possibilities
how a public space can be perceived and what is
the role of an end-user in post-actuation processes of
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built environments. GordonPask’s Conversation The-
ory (Haque, 2007) elaborates the aspects of interac-
tivitybetweenhumanandmachine (i.e. adevice), be-
tween two machines (devices) and between human
agents themselves. Such a responsive communica-
tion creates unprecedented opportunities of human
and robot interaction bringing artificial intelligence
capable to learn from users’ stimuli and response.
This allows the device to create unique and unpre-
dictable responses meeting each individual’s inputs
and needs, always ready to adapt to new conditions
or purpose and produce a variety of spatial solutions
to answer on different requirements. This is out-
side of the idea of typical participatory design, where
there is always a need for a consensus between in-
terested parties. Reflecting existing developed sys-
tems addressing a variety of spatial requirements and
flexibility, it is necessary to claim that Pasks’ idea of
being ”able to account for an explicitly human contri-
bution” would be essential to continue with the de-
velopment of responsive building components for
built environments for the 21st century. John Frazer
and his team (Frazer, 1995) in his approach imple-
mented this concept providing electronic devices for
end-users’ participation in the Self-builder Design Kit
project.

Architecture capable to learn from its occupants
just as occupants can learn from architecture may
bring relevant cultural and spatial solutions to cover
intelligence-based built scenarios based on simple
interactions to create more complex results, bene-
ficial for inhabitants themselves. Thus, a ”conver-
sation” between human and artificial components
can emerge, between an individual, an environment
and a building device, not pre-programmed or pre-
defined for a finite state, but always ready to be re-
configured in a flexible way and bringing ”novel re-
sponses in unpredictable and novel situations” (Haque,
2007). This enables occupants to share performa-
tive and environmental characteristics to construct
unique and tailored habitable spatial scenarios.

PROSPECTIVE FUTURE SCENARIOS
In the 21st century-built environments a user-
centred approach needs to be taken in the design
andpost-actuationprocesses to fulfil uncertainusers’
demands. Immediate environmental properties as
well as unique individual requirements are needed
to be considered during the design, configuration
and assembly processes, where the user plays the
main role in assembly and post-assembly activities.
As such, the assembly process equals the design pro-
cess with a constantly reiterated feedback loop. The
artificial intelligence will certainly help in these ac-
tivities, however, not as a main driver, but as an
additional ability of the building component to be
morphed and re-assembled informed by a specific
user profile meeting his or her demands. The idea
of flexible auxetic properties of the building compo-
nents might serve as an initial strategy employing
mechanics driven by manual, natural or mechanical
forces, enhanced with the capability to learn from
predefined states, from the users’ inputs and deliver
customised scenarios, proposing specific situation-
related states. The mutual intelligent interaction, as
arguedbyGordonPask, will yield appropriate scenar-
ios bringing new spatial qualities, responding to pre-
viously learnt states of the building components, ca-
pable to interact between themselves, humans and
within a given environment.

In fact, this design problem of customisation
brings also the question of precision and technical
and computational requirements. Is the building
component a machine? Or a digital (virtual) post-
machine? There is always a tension between an-
thropocentric and digitally driven “technocratic” ap-
proach and there is no right or wrong direction for
further move.

Learning-to-Design-and-AssemblyMethod
The research proposes a new method called
”Learning-to-Design-and-Assembly” (LTDA) for users’
participation to create spatial scenarios that may
evolve and be changed in time. For that reason, a
novel type of spatial typologies as user-driven as-
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semblies are being developed to enable users to 
construct unique and tailored habitable spatial sce-
narios. The LTDA method will incorporate artificial 
intelligence-supported learning process and deci-
sions in mutual interactions between humans and 
building components capable to be morphed, com-
ponents between themselves and building compo-
nents interacting with the given environment. 

There are two core features of the proposed 
user-driven assemblies, which the LTDA method will 
operate with: a physical kit-of-components based on 
auxetic principles for morphing and reconfig-uration 
of an assembly integrating manual, auto-matic or 
semi-automatic operation; and, artificial intelligence-
enabled logic and integration based on self-
generation of interactive spatial configurations and 
following unique user profiles. As such, the LTDA 
method follows the specific users‘ individual require-
ments and properties, which are educed from the 
users’ behavioural patterns and their habits. These 
are self-generated and condensed in a spatial sce-
nario, physically present in situ. The LTDA method 
will allow users to physically participate on a con-
struction and configuration of spatial scenarios 
deliv-ery, often as a result of improvisation and 
collective or individual decisions made.

Computational strategy
An initial computational framework is proposed to 
accommodate a strategy for the LTDA method imple-
mentation, consisting of following steps:

• component definition of configurable parts util-
ising auxetic principles of an assembly;

• a set of initial spatial configurations definitionby
the designer in the computational model;

• data mining process based on users’ submis-
sions via online interface (this process is tem-
porarily substituted by evolutionary generation
method for the purpose of this paper);

• data set integration and deep learning imple-
mentation for spatial assemblies delivery.

Figure 1
The definition of
configurable cell
units, developed by
Overvelde et al.
(2016). This paper
investigates
configurable units
of the extruded
cube to generate a
variety of spatial
assemblies for
urban tower blocks
utilising
evolutionary
generation method.

Figure 2
Auxetic behaviour
of the structure.
The structure has
the capacity to
expand into a
different spatial
state. Each
component is
adjustable and
configurable.

The concept of spatially configurable assemblies in-
corporates cell units capable to transformandmorph
to a variety of states, implementing the principle of
auxetic expandable structures. The shape of the unit
had been previously investigated by Overvelde et al.
(2016), analysing the extruded cube unit cell and its
state variations (Figure 1). For the purpose of this pa-
per, this cubical cell unit and its configurable states
were taken for further testing and analysis of possible
configurable assemblies, envisaging an urban scale
of units for configurable urban tower blocks (Figure
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2). Therefore, spatial configurations are created ei-
ther by the set of components or the component
unit itself creates the spatial scenario, depending of
the component’s and scenario’s scale, scenario def-
inition, spatial demands and component’s ability to
be deployed or morphed.

Figure 3
Generation of the
configurable units
as components for
tower assemblies.

Figure 4
The spatial
assembly of
configurable units
utilising auxetic
properties of the
structure. The
structure behaves
as spatial origami.

Hosmer & Tigas (2019) developed a computational
framework utilising deep learning methods with ML
agents implemented in the UNITY game engine to
deliver spatial geometrical scenarios [7]. The pro-
cess of learningwhichML agents accommodate uses
the Google TensorFLow platform running on GPUs
formassive deep learning processes frompredefined
datasets [8]. Such datasets can be delivered from
end-users in the first instance and the system can
learn from these preferred solutions to artificially

generate novel spatial solutions. However, this pa-
per does not present the utilisation of current ma-
chine learning methods for the spatial scenarios de-
livery, as this will be tested in the next phase of the
research. For the purpose of this paper, the first initial
generations of possible spatial solutions were tested
utilising the evolutionary generation method based
on the Wallacei tool [9]. This method was utilised to
generate big amount of data, instead of users‘ data
mining. These can prospectively mimic and substi-
tute the users’ preferred scenarios and can be used
for further deep learning implementation in the fu-
ture research (Figure 3).

The evolutionarymethod delivered a population
size consisting of 5000 solutions in 100 generations
of configurable assemblies and meeting the particu-
lar volume size and dimensions of the configurable
unit as a design objective. Each spatial solution op-
erates with a different or similar state of each partic-
ular unit (Figure 3), creating unique tower assemblies
(Figure 4 and 5).

DISCUSSION
Several deployable and self-assembly systems were
described and reflected, such as the Morph Tetrahe-
dron to discuss aspects and criteria for customisa-
tion, social engagement of users and environmen-
tal responsiveness. Further, the artificial intelligence-
driven tensegrity assembly system (ART) was dis-
cussed in the scope of customisation and the no-
tion of learning approach of the automated or semi-
automated assembly processes, pointing out a ne-
cessity to integrate end-users’ role in the Learning-
to-design-and-assemblymethodof the building pro-
cess.

The test of the behaviour of auxetic princi-
ples of the structure was conducted computation-
ally to understand the behavioural characteristics of
the simple units in the computational model and
to deliver generations of possible spatial scenarios
which mimic the datasets, prospectively submitted
by end-users (Figure 3). Next stage of the research
will utilise these datasets to test the deep learning
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Figure 5
Spatial assemblies
generated by
evolutionary
algorithm to meet
volumetric
objectives (size,
dimensions) and
integrating auxetic
principles of an
assembly.

method running on the TensorFLow platform to de-
liver artificially-generated spatial assemblies, incor-
porating specific spatial features.

Utilising auxetic characteristic of the structure to
beexpandedormorphedaccording to applied forces
and external sources of energy, the assembly sys-
tems will be able to integrate more diverse scenarios
into several subsystems under one emergent struc-
ture without any loss of notion or expression of the
architectural quality and integrity. This will deliver
open-ended collaborative and sharing platforms op-
erating with several levels of responsiveness allow-
ing design participation on-site. In that regard, the
research can follow these directions further, concen-
trating on user-driven assembly processes, operating
with discrete intelligent components responding to
users’ demands more comprehensively.

But how to achieve this integration encompass-
ing technological advancements in computation and
artificial intelligence? Toaddressmass-customisation
in physical built environments, the new forms of

”Learning-to-design-and-assembly” building proce-
dures need to be applied instead of standard and
usual designer-client-contractor relationships. The
new modes of sharing economies might offer alter-
native solutions for participation, planning, design
and construction, where the emphasis is given on
the activation of users themselves with their values,
knowledge and skills. On the other hand, the intelli-
gent building components have to offer appropriate
response meeting end-users’ demands and follow-
ing spatial, economical, aesthetic, and, sustainability-
related criteria for the construction and assembly. Ar-
chitects, as constructors and activators in these pro-
cesses play a crucial role as they navigate, inform, su-
pervise and promote these intentions, helping the
users to orient them in the process.

The first step towards achieving this integra-
tion and pursuing these intentions can start with
less technocratic solutions. Components may in-
volve auxetic principles, materialmemory and canbe
based on simple moving forces, applied by the users
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themselves. Several intelligence-enabled states of 
the building components and degrees of an assem-
bly may yield a variety of spatial outcomes. The com-
ponents delivered on-site as participatory construc-
tions and assembled by users in semi-automatic or 
fully automatic processes may learn their own new 
spatial states in a continuous and open-ended feed-
back looping process. However, a comprehensive re-
search in this field still needs to be conducted to fully 
embrace new potentials of built and responsive envi-
ronments for the 21st century in the era of uncertain-
ties.
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