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ABSTRACT

Being an abstract system that translates and
reconstructs the real phenomena, map had a
long history of recording and interpreting the
data. Practiced with different techniques in
different periods and contexts, it has always
been considered as a preeminent way of
collecting, organizing and representing the
data. However, map also inherits the potential
of representing more than the reality and
denotes new and unacknowledged conditions,
which initiate the use of maps as generative
tools that mediate between real and possible
configurations.

Advances in technology and the use of
digital design tools initiated a radical shift in
communication and mapping techniques,
which enabled to acquire, interpret and
use complex data. Defining a shift in the
conventional  mapping  practices,  this
contemporary approach of working with
big and complex data engages with what
is ‘unknown’, ‘invisible’ or ‘discreet’. This
shift necessitates the acknowledgement of
alternative ways of examining and conveying
information as well as its visualization.
‘Datascapes’ are considered as multilayered
and multidimensional representations of
complex data, which not only represent the
data visually or numerically, but also inherit a
particular ‘eidetic argument’. Since they hold
the data in an interpretative manner, they
stimulate the designer’s creativity and opens
up new grounds for explorations. However,
datascapes are not static representations
confined  with the two dimensional
representation medium, rather may be
configured and represented in various forms,
which can be updated simultaneously and
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result in ephemeral maps of complex matters.
These maps can represent the ever-changing
relations and ever-expanding data, and can be
used to map the visible and invisible data of
the contemporary city.

KEYWORDS

Mapping; datascape; representation.

INTRODUCTION

Being an abstract system that translates and
reconstructs the real phenomena, map had a
long history of recording and interpreting the
data. Practiced with different techniques in
different periods and contexts, it has always
been considered as a preeminent way of
collecting, organizing and representing the
data. Besides its conceptualization as a visual
instrument (Corner, 2011) for annotating and
exposing the information in an organized
and readable manner, map is also embraced
as a tool for reading the visible or invisible
information.

Although associated mostly with the graphical
representation of a city, maps are also used for
understanding things, conditions, processes
or events (Harley and Woodward, 1987), which
facilitates their use as tools rather than mere
graphical representations. Going beyond the
reproduction of a bird eye view of the city that
provide layers of geographical information,
maps help to understand the complexity of
the urban conditions and provide different
layers of data. Mapping practices that achieve
the graphical integrity and consistency of data
interpretation enable the understanding of



existing relations and realities of the situation/
site/event/processes through various layers
of information sets.

However, a map also inherits the potential
of representing more than the reality
and denotes new and unacknowledged
conditions, which initiate the use of maps as
generative tools that mediate between real
and possible configurations. James Corner
identifies mapping as a creative activity, which
both reveals and realizes the hidden potential
through uncovering realities, even the unseen
or unimagined ones (Corner, 2011). Practices
that consider the map as a creative tool for
reading and understanding the conditions,
rather than an operational tool of measuring
or defining the existing conditions has the
potential of activating new readings. Corner
differentiates these two approaches and in
reference to the statements of Gilles Deleuze
and Felix Guattari, he labels the maps that
reproduce the already known and visible as
tracings (Corner 2011). In his main reference
for this differentiation Deleuze and Guattari
states that: ‘What distinguishes the map from
the tracing is that it is entirely oriented toward
an experimentation in contact with the real.
The map does not reproduce an unconscious
closed in upon itself; it constructs the
unconscious’ (Deleuze and Guattari, 2004)
Therefore, in order to reveal the potential
of the map and to use it as a productive
instrument, it is necessary to go beyond the
routine of collecting, recording, assembling
and representing the visible conditions and
to appreciate the reading of the invisibles.
Overcoming the limitations of the tracings
and activating the new readings that reveal
the invisibles enrich the mapping practices
and expose the potential of a map as an
operational and creative instrument.

1. CONTEMPORARY DRIVES

Advances in technology and the use
of digital design tools also support the

conceptualization of the map as a creative
instrument, which embraces and exposes
the invisibles in mapping practices. The
radical shifts in communication and mapping
techniques, as well as increased capabilities of
gathering, storing and processing information
enabled to acquire, interpret and use complex
data. Altering the conventional mapping
practices, this contemporary approach of
working with big and complex data engages
with what is ‘unknown’, ‘invisible’ or ‘discreet’.
This shift necessitates the acknowledgement
of alternative ways of collecting, processing
and conveying information as well as its
visualization.

Computers and their variances are embedded
the in all aspects of our lives in the recent
years as a consequence of the miniaturization
of the computer hardware, maximization of
computational and storing capabilities of
computers, expansion of network capacities,
as well as the development of communication
manners. Urban environments are occupied
with  data collectors, processors and
archives, where huge amount of data is made
accessible and visible to the society and the
designers. Immersed with these abilities, the
contemporary city gains the ability of storing
and sharing its data through various layers.
Massive amount of data is stored, processed
and conveyed continuously since the cities
are generating new and fresh data in an
increasing speed and variety. The complex
and big data accessed and processed by
the advanced use of technology should be
mapped to reveal the multidimensional view
of the cities, either visible or invisible.
However, reconceptualization of mapping can
be defined both as a revised practice, which
is diversified with huge amount of data entry,
and also can be considered as an instrument
for dealing with the massive data exceeding
the limits of human cognition and perception.
This paper specifically focuses on the
practices where mapping is used as a way of
visualizing and understanding data. Through
questioning how the data-driven mapping
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practices of the recent years changed our
definition, understanding and visualization of
the city, it is aimed to discuss whether or how
they differ from the conventional mapping
practices. Considering the conventional
and contemporary mapping practices, it is
possible to assert that all mapping practices
are defined though a process of gathering
and interpreting objective or subjective data.
However, the contemporary practices that
are dependent more on the digital tools and
computational capabilities of humans and
devices can be asserted to provide deeper
insights to the city and the actors involved in
it.

The amount of available and operational
data defines a dramatic shift in how humans
understand, define and visualize the cities.
However, changes defined through the use
of data are not only in city scale and has
affected all sections of the life, as data has
become the ‘de facto standard through which
the world is ordered and understood’ (Boyd
and Crawford, 2012). The current tendency
of understanding the world (cities, science,
business etc.) and human through the data
-mainly through the big and incomprehensible
amount of data- necessitates the extension of
humans perceptive and cognitive capabilities,
which results in significant changes in the
society. Although the increasing tendency for
rendering the world through numbers is an
ever-present debate (Scott, 1998), the scale
of current data sets defines a radical change
in the society and hence should be handled
with a different mind set. Witnessing the
difficulties of dealing with the complex and big
data necessitates the adoption of a new mind
set and instrumental approach, since the
conventional approaches will not be effective
in dealing with the multidimensionality of the
large data sets.

With a specific emphasis on the city
mapping practices, it can be stated that
gathering, processing and visualizing the
multidimensional and huge amount of
data gathered and processed with the
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contemporary tools and models enables
to focus on which was not visible in the
conventional maps. During the recent years,
it is aimed to work with the unacknowledged
features of the city and introduce them as
another layer of the multidimensional maps
defined through the use of technological
advances (Amoroso, 2015). However, such an
approach to expose the city with its visible and
invisible features necessitates an alternative
mapping technique. Since these maps are
not expected to only document the existing
but also bring the invisible information
to the forefront and make it visible, they
should be open to unpredicted readings and
interpretations (Amoroso, 2015). Hence, they
should be structured different than the static
and flat conventional maps and should be
flexible enough to gather new data, host its
interaction with other data sets and sustain
its visualization.

Making use of technological advances and
new modes of visualization, alternative
readings can be provided through the
integration of large sets of data, which in turn
can also be embraced to understand these
data sets. Therefore, attaining the flexibility
of the map gains importance, when the
continuous input from the city and its actors
are considered. Since the data provided by
and within the city is continuously changing
and this change can be recognized, gathered,
recorded by the technological habitat of the
city, the mapping is also altered continuously
and is never finalized. The maps defined
through the computational tools and
processes can represent the ever-changing
relations and ever-expanding data, and can be
used to map the visible and invisible data of
the contemporary city.



2. AN ALTERNATIVE MAPPING_Naked City

The search for mapping the invisible features
of the city or studying with unsteady and
ever changing data is not specific to the
contemporary approaches of the digital world.
Rather, there have been various attempts of
mapping the invisible, unstable, subjective and
ever changing information. These maps were
also questioning the available techniques
of mapping and were proposing ways of
widening the visual perspective to be able to
visualize and manage information. A specific
example of this search, which is also consider
by many references as a critical shift in the
history of mapping, is the concept of psycho-
geographic mapping studied by Guy Debord.

Guy Debord was a key figure of Situationist
International, which was an interdisciplinary
organization active in Europe in the mid-
20th century attempting to return the map to
everyday life and to the unexplored, repressed
topographies of the city (Corner,2011). Debord
defined psychogeography as: “the study
of the specific effects of the geographical
environment..on the emotions and behavior
of individuals” (Debord, 2008) and made a
series of studies on the Paris map, which were
not mere representations of the cityscape.

THE NAKED CITY

LLUSTRATION DE L'NYPOTHESE DES PLAQUES %
TOURNANTES EN PSYCHOGEQGRAPHIUE N

Rather, Debord's studies were reflecting the
subjective inputs such as perceptions and
desires of the human. The Naked City map
was produced in 1957 by Debord through
taking nineteen sections from the original
map of Paris, which were reassembled in a
subjective manner considering the experience
and the desires of the human. Defining this
work as a construct that creates a synthesis
between the existing conditions and the
human experience, Debord also added red
arrows to the map (printed in black ink), which
illustrate the “spontaneous turns of direction”
between the fragments (McDonough, 1994).
The fragments and the turns are all defined
according to the personal experience of
Debord when he wandered along the streets
and alleys of the city, defining his own path
through turning here and there (McDonough,
1994). Therefore, the arrows together with the
fragments- reflect the desires and experience
of the human through the city. The produced
map is an ephemeral, subjective and
personalized one, where the invisible desires
and experience of the human is brought forth
and opened up new discussions on different
aspects of the city ranging from politics to
perception.

\ N
oy t
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Figure 1. The Naked City map produced by Guy Debord. (1957)
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3. DATASCAPES

Guy Debord’s approach of considering the
fluidity of the city and bringing forth its
unknown features dependent on the personal
and subjective inputs, initiated the studies
that aim to define a deep awareness of the
unquantifiable and immaterial qualities of
the city. James Corner defines this approach
as a creative one and outlines mapping as
a process of a strategic and imaginative
drawing-out of relational structures, rather
than an indiscriminate listing and inventorying
of conditions as in a tracing, table or chart
(Corner, 2011).

Considering the complexity of the city and the
relationship between the city, citizens and the
society, the maps are expected to represent
the dynamic relationships of the city. For
that reason, they are structured to collect,
interpret and represent the subjective inputs
and experimental data through its multiple
layers, besides the objectively constructed
data through numeric and quantitative values.
In this approach, maps are conceptualized as
creative processes, which enable to collect,
process and represent various types of data.
One significant development that initiated
a radical shift in mapping processes and
supported their definition as creative
processes is the advances in technology
and the use of digital design tools, which
enabled to acquire, interpret and use complex
data. Over the past few decades, maps
have been re-conceptualized to support
the creative processes through using the
advantages provided with the digital media
and computational abilities. Their further
development can be asserted to initiate new
techniques and definitions of mapping and
widened the capabilities of the designer to
investigate and interpret the urban data.
Defining a shift in the conventional mapping
practices, this contemporary approach
of working with big and complex data
engages with what is ‘unknown’, ‘invisible’
or ‘'discreet’. These ‘new’ maps, which enable
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the representation of the invisibles of the city
through the multilayered data, are considered
as alternative approaches that re--vision and
rethink the mapping and urbanism of the
contemporary city (Amoroso, 2010).

This shift necessitates the acknowledgement
of alternative ways of examining and
conveying information as well as its
visualization. ‘Datascapes’ are considered
as multilayered and  multidimensional
representations of complex data, which not
only represent the data visually or numerically,
but also inherit the potential of influencing the
mapping and design processes (Lootsma,
1999). Therefore, datascapes hold the
potential to go beyond statistical descriptions
and serve as creative grounds for designers.
James Corner describes datascapes as
representing "objectively” constituted data
through numbers, quantities or facts in
knowingly selective ways to construct or
suggest new spatial formations (Corner,
1998). He differentiates datascapes from the
quantitative maps and states that ‘they are
designed not only to reveal the spatial effects
of various shaping (eg, regulatory, zoning,
legal, economic, and logistical rules and
conditions), but also to construct a particular
eidetic argument" (Corner, 1999). Questioning
the quantitative and creative potentials of
mapping, the term eidetic is used by Corner
to discuss the works that represent and
mimic the reality and the ones triggering the
creativity. He defines eidetic as referring "to
a mental conception that may be picturable,
but may be equally acoustic, tactile, cognitive,
or intuitive" which is "unlike purely retinal
impressions of pictures, eidetic images
contain a broad range of ideas that lie at the
core of processes of creativity" (Corner, 1998)
Through point out the potential of eidetic
conditions to engender, unfold and participate
in emergent realities, Corner underlines their
stimulating power for creativity.

Referring to WJ. T. Mitchell's comparison
of a picture and an image, where the
difference between a specific kind of visual



representation (the 'pictorial" image) and
an image (verbal, acoustic, mental images)
were discussed, Corner identifies the maps
as images holding eidetic arguments
(Corner, 1999). Through these arguments,
the designer can both represent the reality
and also reformulate given conditions,
which may lead to new interpretations
and innovative solutions (Corner, 1999).
Since these eidetic arguments facilitate the
subjective inputs introduced of the designer,
they enable and welcome alternative reading
and interpretations of the conditions. With
this potential, they differ from the mere visual
representations of quantitative maps and
enable the imaging of data in instrumental
ways (Corner, 1999).

Use of digital medium also affected its
instrumental use and enabled multi-layered
and continuous data input, which enable to
render complexinterrelations andinteractions.
They are not static representations confined
with the two-dimensional representation
medium, rather may be configured and
represented in various forms. They can
represent the ever-changing relations and
ever-expanding data, which can be updated
simultaneously and result in ephemeral maps

of complex matters. They also hold the data
in an interpretative manner, which stimulate
the designer’s creativity, enable they future
readings and open up new grounds for
explorations.

In the late 1990's, when the influences of
the shifts defined through the use of digital
medium and increased computational
capabilities were asking for reassessment
of the tools and approaches in use, Dutch
architectural firm MVRDV questioned the
conventional  mapping  processes  and
experimented on datascaping. Their approach
to map the urban phenomena through
datascaping was a provocative one, which
extended the definition of mapping through
the use of digital medium. In their publication
Metacity/Datatown, ~MVRDV  questioned
the contemporary conditions of the city and
the inadequateness of the ways used by
designers to understand the data provided
by the city that exceeds the perception and
comprehension of the human. Considering
a fictional and extreme scenario, where the
current population of the Netherlands was
multiplied to increase the data produced by
the city, they studied data of the city and /
city as data. Through using the qualitative

Figure 2 (left). One large red cube is created measuring over one and half kilometers on edge to represent a massive

volume that would contain all the inhabitants of Datatown.

Figure 3 (right). Landscaped datascapes, created by waste emerge as hills and mountainous forms, which create

a new landscape.
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(visual approaches) to signify the quantitative
(numerical data) data, MVRDV studied the
scenario in two scales where Metacity relates
to the whole world and Datatown relates
to the Netherlands (Amoroso, 2010). The
data gathered through the analysis of the
spatial, social and economic consequences
of the proposed population was studied both
numerically and visually (Amoroso, 2010).
Statistical analysis and use of numerical
expressions were considered as essential
tools to grasp the complexity of the data
available, document and process it. However,
the visual expression of these numeric values
to attain a comprehensible form that abstracts
the multiple layers of data in a powerful and
yet informative way and also stimulates the
creativity of the process. The visual images
produced in Metacity/Datatown project can
be considered as eidetic arguments, which
initiate future scenarios of the city through
imaging the statistical data in visual form. In
this respect they are differentiated from the
conventional maps, which picture the reality
through representations.

Considering the uncanny relationship of the
maps with real, where they are defined to be
abstractions, that initiate new conditions and
reading, datascapes provided by MVRDV can
also be regarded as maps (Amoroso, 2010).
Through considering the extreme scenarios
producing complex and multidimensional
data, these datascapes deal enable to
translate the changing conditions and make
future reflections on the urban situations.
Processed digitally, these datascapes both
reflect the reality and also define an uncanny
relationship with the real, which liberates the
designer to make predictions, speculations
and new readings.

With the increased computational capacity
of the twenty first century, map designers
also integrated subjective and experience
based data, which can be considered as
a consequence of the conception of city
as a multi-layered entity. Rooted from the
experience based maps of Situationists, the
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contemporary maps have the potential of
being datascapes representing not only the
visibles and invisibles of the city as a physical
object, but also consider it as a complex and
emergent system generated through dynamic
relations (Urry, 2005). In this system, the data
of the human also gains importance, since
they are one of the actors of these dynamic
relations. These mapping practices --that
consider the experiences of the humans and
consider the data provided by them within the
multiple layers of the map- inherit the potential
of providing new readings of the city. They
enable to draw the invisibles of the city and
explore its immaterial and embodied data.
One significant example of these experimental
maps is produced by Eric Fischer, which
visualizes the relationship between the
social media posts and the location of
the author. Introducing Geotagger's World
Atlas project, Fischer aims to uncover how
people interact with the cities and uses geo-
tagged photographs of the cities or tweets in
social media. Focusing on a specific period,
Fischer attains a huge amount of data to
be visualized, which provided the invisible
interaction patterns and new data layers of
the cityscapes.

Such practices enable to draw the invisibles
of the city and explore its immaterial data,
which focuses on the relationship between
the individual and the city. These subjective
mapping practices can also be considered
as datascapes, since the datascape holds
the flexibility of holding any kind of related
with geography, sociology, economy, traffic or
personal inputs. They highlight the subjective
input from the human and investigate the
relationship between the human and the
space through analyzing the subjective
aspects related with space (emotions,
memories,  personal  experiences  etc.)
(Perkins, 2009). These practices benefit from
the visual power of the mapping to abstract
and comprehend the data, communicate
with the designer/reader and to initiate new
readings of the relations. The data provided



Figure 4 (left). The map visualizes the tweets of residents in Istanbul (identified with blue spots) and out-of-towners,

namely the tourists (identified with red spots).

Figure 5 (right). The map visualizes the photographs shared by of residents in Istanbul (identified with blue spots)
and out-of-towners, namely the tourists (identified with red spots), where yellow one might be either.

by the subjective definition may reveal
the invisible relations, evoke unexpected
readings and produce visual images
triggering the creative processes of mapping.
This aim of investigating the relationship
between the human and the city, recalls the
psychogeographic maps of Situationists,
where it is possible to trace the similarities
between these two approaches and define the
datascapes including subjective data inputs
as arrays of these psychogeographic maps.

With all types of data input the maps turns
out to be multilayered and represent the
collective invisibles of the society. Since
the data becomes available and accessible
with the advances in technology, its use
in various phases of design and decision-
making processes increase significantly.
This change in the state of data enabled to
map the geospatial data collected from the
users, which diversifies the subjective inputs
to the datascape and also shift the scale of
the data set drastically. Compared to the
psychogeographic maps of Situationists,
where one or a limited number of subjective
data were mapped, contemporaray studies
hold the potential of gathering, analyzing

and visualizing data provided from various
subjects.

An up-to-date example of this approach is
provided by Bits'n Bricks office where location
mining and web scraping were used to gather
data in urban scale for Istanbul. Collecting
the publicly avaliable data retrieved from
the urban sources they collected the data of
the shared images by tourists (through their
Flickr accounts) in Istanbul and tried to map
the attraction points (Bits'n Bricks) They also
provided an association between the routes
provided by mobile map applications and the
attraction point-instagram post maps (Figure
6). The produced maps read the geospatial
data and provide insight on the visibles and
invisibles of the city.
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Figure 6. Mapping the attraction points for tourists in Istanbul, through processing the data provided by shared

photographs.

CONCLUSION

Contemporary mapping practices that make
use of the advances of the technology enable
to gather, process, and visualize huge amount
of data, where the ubiquitous data production
feeds the dataset simultaneously and
continuously. In line with the developments
in the technology, changing lifestyles also
motivates us to produce and share the data
and hence become a part of the big data
pool. Continuous update of the data sets to
be considered in mapping also changes the
validity of the mapping, since it evolves with
the data input. Their short-term validity can
be considered as an important shift, since the
arguments and representations expire rapidly.
These shifts in the definition and use of
data necessitate the reconsideration of
conventional mapping techniques to respond
to these changes. Although alternative
mapping techniques have been applied
throughout the history, the experienced shifts
request a different mindset and processes to
be use in mapping practices.

In order to develop a new approach that may
enable to understand how the city functions
in line with its citizens, the conventional
mapping practices should be updated to hold
multiple layers of information; including the
unexplored, speculative and subjective ones.
These multi-layered studies necessitate going
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beyond being mere visual representations
of the existing realities and trigger creative
processes and initiate interpretations of the
data sets. However, the gathered data from
the collective and multiple sources are usually
raw data, which has to be filtered, organized,
categorized and read, which requires an
interdisciplinary group of expertise. Therefore,
mapping cannot be an individual practice but
should be considered as a process guided by
a group of experts.
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ABSTRACT

Urban unities of sustainable development
may act as transformers of knowledge and
technological advancement achieving thus
improved social, working and living conditions
to their inhabitants. A representative case
study of such development refers to the
design proposals made in Spring Semester
2017, in the frame of the design studio with an
emphasis on technology in the 6th semester
of undergraduate studies in Architecture at
the University of Cyprus. The design objectives
referred to the regeneration of a unified core of
Nicosia through the creation of flexible building
units of industrial research and technological
development, envisioned to act as urban
transformers and interaction nodes with
the local and global communities of labour,
research and production. The presently existing
decentralization of the city, as well as the
diversity of social groups, lack of production,
labour and green areas within the city core
have so far led to unfavourable conditions
with regard to a respective sustainable
urban, architectural and social development
of the old city centre. Nine design proposals
presented in the current paper refer to timely
variant activations of the city core bridge
connections with the new city areas, aiming at
the transformation of the city core into a smart
urban area. The building units are expected to
provide flexible and multi-use spaces, where
different researchers may work at different
time periods. Pedagogically, of equal high
importance was the design requirement for the
proposed buildings to comprise symbolically
prototypes of technological development of
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respective activities and tectonic structures,
while displaying the interrelated areas of
function, construction and energy efficiency.
The study further demonstrates that different
activation scenarios of the buildings and
the interactions with the city-core flows of
activities are possible.

KEYWORDS

Urban regeneration; smart cities; urban
and building transformability; architectural
technology; integrated architectural design.

INTRODUCTION

Smart cities have become a landmark in urban
planning. They are the result of knowledge-
intensive and creative strategies aiming at
enhancing the socio-economic, ecological,
logistic and competitive urban performance.
Smart cities are based on a promising
mixture of human capital (e.g. skilled labour
force), infrastructural capital (e.g. high-tech
communication facilities), social capital (e.g.
intense and open network linkages) and
entrepreneurial capital (e.g. creative and risk-
taking business activities).

Central paradigm of urban transformations to
smart regions is the provision of innovation
through networking. The key driving force
of technological and economic progress
essentially depends on cooperation and
interaction between firms and different
scientific  and societal institutions. Such
cooperation forms and the associated



personnel and information technological
interaction are generally termed “network”
(Sydow, 1992), primarily based on the concept
of local or regional sustainable developments
of so-called regional milieux (Lapple, 2007).
The latter can be described as spatial
production and actor systems characterised
by collective learning processes. For urban
development processes, milieux are primarily
amplifiers of the city life and productivity.
These can generate synergies and thus
strengthen regional innovative resources
(Lapple, 1994). In this frame, innovation
processes are enhanced by local and global
cooperation activities among individual
research and development institutions and
by the specific embedding of operations in
the common urban context.

Research and development institutional
knowledge-exchange links are important
for increasing a city’s knowledge economy
(Acworth, 2008). In this framework, local
proximity and geographic clusters have
been important determinants in creating
innovative cities, since knowledge and
production are generated and realized more
efficiently via local proximity and clustering
(Audretsch and Feldman, 1996; Audretsch,
2002). These knowledge-production clusters
(spaces) enhance the innovativeness of a
region. Thus, such urban areas form local
spatial foundations for knowledge and local
production activities to flourish by bringing
out the importance of knowledge- and skills-
based activities, knowledge exchange, and
spillovers in urban localities (Olcay and Bulu,
2016).

In parallel, the global economy has shifted
from an industrial, goods-centered one
to an innovation, service-centered one.
This occurred gradually as innovative
technologies, methods, and concepts
evolved over time (Davenport et al.,, 2006).
In today’s innovation economy, new value is
created through knowledge and intellectual
capital and new entrepreneurships are the
main drivers of wealth and economic growth,

as opposed to the solely traditional physical
assets and owners of the industrial economy.
While rapid technological developments
and increased globalization have forced
the economic activity of traditional
industries to move to low-cost countries, as
Audretsch (2002) suggests, knowledge and
innovation are less likely to be transferred
across geographical spaces; on the
contrary, they concentrate geographically,
forming innovation districts and spaces,
and eventually turn into innovative cities.
Yigitcanlar et al. (2008a) call these urban
innovation spaces ‘knowledge community
precincts’, mostly referring to place-centered
knowledge and innovation clusters. These
clusters comprise high-tech manufacturing
of  knowledge-intensive industrial and
business sectors existing in a mix of urban
life and culture within central urban locations
(Yigitcanlar et al, 2008b). Along these
lines, Kline and Rosenberg (1986) define
the chain-linked model consisting of basic
scientific research, product and process
development, and commercialization as the
three fundamental stages of the innovation
process, where innovation can be initiated at
any stage with inputs from internal stages
and spillovers. The development of formal
relations between research and development
with urban unities results in mutual benefits.
In reflecting upon the approach of embedding
research and development unities within
an existing urban context, a representative
case study refers to the design proposals
made in Spring Semester 2017, in the frame
of the design studio with an emphasis
on technology in the 6th semester of
undergraduate studies in Architecture at the
University of Cyprus. The design objectives
referred to the holistic regeneration of a
unified core of Nicosia through the creation
of flexible building units of industrial research
and technological development, envisioned
to act as urban transformers and interaction
nodes with the local and global communities
of labor, research and production. In the
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following section, the city core of Nicosia
will be briefly described. Subsequently, nine
building proposals, a possible scenario
of individual building units’ activation and
interaction with each other and the city core
will be briefly presented.

1. NICOSIA CITY CORE

The walled city of Nicosia is an example of
medieval town planning, and dates back to the
Venetian period (1489-1571). During this time,
of major concern was the entity of the urban
form rather than the internal structure: the city’s
Renaissance walls with their 11 bastions and
three gates were built to consolidate the town,
which had revealed a dispersed character. In
this frame, the city core has ten connection links
to the new city. The walled city has an area of
approximately 200 ha, and comprises the oldest
part of the city, symbolizing the geographical
and historical significance of Nicosia and
Cyprus as a whole. The city core was declared

a conservation area within the Nicosia Master
Plan in 1989.

Today, Nicosia faces serious and complex
problemsthatarelargely caused by the existence
of the dividing line, which has contributed to
boosting development to the south and the
region, and to the general downgrading of
the walled city and the wider area of the city
centre and the suburb areas along the dead
zone. In these areas, there is a degradation of
the quality of life and the urban environment,
economic stagnation and population decrease.
The initial concentration of services, commerce,
administration and other core activities in the
city centre encouraged the development of a
radial road network that functionally results
from the existence of a single employment
center. Dispersal of employment opportunities
and residential areas to wider areas followed in
the last decades.

The design of building units of Industrial
Research and Technological Development
for the Nicosia Core in the Spring Semester
2016-17 aims at the holistic regeneration of a
unified core of Nicosia. It is proposed that the

Figure 1. Nicosia city core with bridge connections to new city and corresponding building units
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city core transforms into a smart wider urban
area with time variant activation of nine bridge
connections with the new city of Nicosia
through the addition of “temporary” in each
case, building units of industrial research and
technological development (Fig. 1). In principle,
the buildings comprise nodal points of research
and technological development in the wider
area of south-east Mediterranean, whereas the
core of the buildings supports the areas within
the city core.

2. BUILDING UNITS

The buildings units’ proposals have been
developed on the basis of an integrated
architectural design approach, ie. the
development of the respective areas of the
building morphology, structure, construction
and environmental/energy design (Phocas,
2017). In an initial stage the proposed urban
space, the functional zones of each building
and the structure have been investigated.
With  the development of a general
morphology of individual elements or the
entire building, the formulation of an abstract
design concept and the coordination
between construction, function and form

have been pursued. The architectural design
has been further developed according to
the functional disposition, the structure and
the building envelope. Subsequently, the
energy efficiency of the building has been
investigated. The final stage of development
consists of the construction design of the
proposed elements and systems in detail.
The building units have a total area of
2000 m? and they are expected to provide
flexible and multi-use spaces, where
different researchers may work at different
time periods. In all cases, of equal high
importance is the design requirement for the
proposed buildings to comprise symbolically
a prototype of technological development
of contemporary structures, or and of their
internal special functional character, at
aesthetic and morphological level, and while
displaying the interrelated areas of function,
construction and energy efficiency.

The building unit at Archbishop Makarios
B bridge is directly positioned on the moat
level of the city walls connecting the old with
the new city. It consists of a tall skeleton
structure acting as an outrigger system, with
the prefabricated units of private and public
usages plugged into (Fig. 2). A central atrium
hosts vertically the exhibition of the building,

Figure 2. Building unit at Archbishop Makarios B
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and all functional levels are accessed on
the periphery of this open space through a
ramp. Thus, the building develops vertically
at the specific site.The building complex
shown in Fig. 3 is positioned on both sides
of the Dorou Loizou bridge. The building
sections are interconnected at the moat level
of the city walls underneath, through public
spaces. At the street level, the building offers
on both sides a window of related exhibits.
On the level above, private and semi-public
research spaces are accommodated. The
building complex forms a gate for the main
commercial circulation vain to the old city
core.

The building at Solomou square extends from
the moat level of the city walls over the level of
the square in six floors (Fig. 4). The semi- and
public areas of the center are distributed over
the height, whereas the private areas are only
visible by the public. The structural disposition
enables openings at the floor levels, so that
the functions are interrelated throughout the
building. The circulation is achieved through a
ramp on the periphery. A glass envelope with
integrated adjustable sun-protection elements
enlightens the appearance of the building.
hus, the building acts like a showcase of its
contents and activities in attracting the public
flows within from the main bus stations at the

site.

Figure 3. Building unit at Dorou Loizou

Figure 4. Building unit at Solomou Square
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The building at the Pafos Gate consists of two
main sections that are connected through a
corridor over the street leading to the old city
(Fig. 5). The north section hosts the entrance
of the complex and a glassed exhibition
space. The first floor hosts the private and
semi-public research spaces accessible
by the visitors. The fagade panel openings
adjust to the functional requirements of the
corresponding spaces.

The building units at Sarayonu are positioned
at the moat level of the city walls (Fig. 6). The
main building section is situated below the
street level, and extends on one side of the

moat. Deployable units adjust through their
size, structure and envelope elements to the
functional disposition of the program. In this
case the building primarily conveys open and
closed spaces within the landscape at the
moat level.

Figure 5. Building unit at Pafos Gate

Figure 6. Building unit at Sarayonu
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The building unit at Kerynia Gate bridges
two opposite sides of the city walls with the
connecting street to the old city extending
underneath (Fig. 7). The public functions
are distributed within a main glazed open
space. The private spaces are contained in
prefabricated lightweight units plugged into
the main structure on the back longitudinal
side facing the new city. The building acts
as a gate to the old city exhibiting the public
activities within the old city area.

The building unit at Saracoglu Myd develops
along the main connecting street to the old
city (Fig. 8). A unified space is placed below
the street, containing public spaces. The
private spaces are placed on the upper levels
of the complex. Three cores with vertical
circulation elements connect the cantilever
functional units above the street level. The
latter consists of truss tubes connected to
the cores. The building complex is primarily
envisioned to activate the urban area at the
moat level of the old city.

Figure 7. Building unit at Kerynia Gate

Figure 8. Building unit at Saracoglu Myd
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The building unit at Sehit Huseyin Ruso is
positioned on the street connecting both
city sides, and it transforms the area to a
pedestrian zone (Fig. 9). The building is
developed in two autonomous sections
interconnected at the street level. Each
section consists of a mega truss tube,
hosting two main functional levels. The
public functions are mainly concentrated at
the ground level, while the private ones, at
the levels above. Thus, the building acts as a
passageway at the site.

The building core unit at King George B is
grounded at the moat level of the city walls on
one side of the connecting street, and it extends
over three levels. The building core hosts
the exhibition of the center and the vertical
circulation elements. The semi-public areas
are hosted in prefabricated units positioned at
street level and above, and the private research
areas, within the main cantilever above the
street. The building bridges the street, whereas
a steel staircase connects the main cantilever
with the park underneath. The building
disposes a gate to the old city core (Fig. 10).

Figure 9. Building unit at Sehit Huseyin Ruso

Figure 10. Building unit at King George B
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2.1. Urban activation scenarios

The development of the building units has
been based on modularity, light-weight and
mass-fabrication to -customization of the
components. The buildings' articulation
derives from the context of the site and
favors a high degree of flexibility of the
units’ composition. At the same time, the
proposals support sharing and networking
of functions among different building units
within the city grid and by extension, with
local urban areas. Different urban activation
scenarios may emerge according to the
building units realized at different bridge
connections to the old city. A case example
is shown in Fig. 11, whereas four buildings
are activated at a specific time, comprising
further a corresponding urban network of
research and development within the Nicosia
city core. Based on such urban activation
scenarios, the old city life and productivity
are enhanced. In parallel respective
circulation paths, labour, open space and
green areas of the city are developed.
Further related developments within the old
city core are expected to arise due to further
urban activations through different buildings’
realization and interaction.

CONCLUSION

The current paper has presented design
proposals of flexible building units of industrial
research and technological development
for the city core of Nicosia. In view of the
current situation of the city centre, primarily
characterized by a degradation of the quality
of life and the urban environment, economic
stagnation and population decrease, the units
are envisioned to act as urban transformers
and interaction nodes with the local and global
communities of labour, researchand production.
At the building level, aspects of modularity,
light-weight and mass-customization favor the
achievement of flexibility for an effective time-
dependent interaction of the units at a global
and local level, especially within the specific
urban context. The architecture developed,
provides a particular vision of the future of the
area while relying on contemporary technology,
and supports  flexibility, transformability
and adaptability in macro and micro-scale.
By extension, embedding research and
development institutions within the walled
city of Nicosia may further enhance its
regeneration and sustainable development.
Further investigations of the proposals refer
to the socio-economic impact of mixed

usages introduction at the urban scale and the
application of technology for the achievement
of a sustainable regeneration of the old city
core.

Figure 11. Urban activation scenario through operation of four building units (Dorou Loizou, Sarayonu, Saracoglu
Myd, King George B): Main urban circulation axes, usages and connection areas along the city walls moat
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ABSTRACT

As the appearance of robots become
more prominent in the built environment,
architects face the challenge of exploring
design opportunities for their integration.
While such a synthesis involves an interest
in technological systems and kinetics, it
also importantly involves alternative ways of
occupying space. This paper outlines the role
architectural robotics play in the advancement
of the human condition by proposing novel
ways of living with and within the machine.
Through a critical review of architecture's
relationship to the machine paired with the
outline of an experimental pedagogy, the
intent is to uncover ways for equipping a
future generation of architects, not only
capable of realizing environments embedded
with feedback and dynamism, but also adept
in envisioning the design of a better world.

KEYWORDS

Robots; humanism; pedagogy; occupation;
feedback.

INTRODUCTION

Like the language of machines that inspired
Le Corbusier a century ago, advances in
artificial intelligence and robotics have raised
questions regarding how these technologies
change the way we both design and inhabit
space. Thus, contemporary architects
are inevitably faced with the challenge of
rethinking the creative and technological
limits of the discipline. Greg Lynn stresses the
need for such developments, when he writes:
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Rather than merely outfitting buildings with
technology [and..] rather than implanting
empty boxes with artificial intelligence or
retrofitting our cities for driverless vehicles,
architects should [.] integrate large scale
robotics into buildings and urbanism at the
very inception of their creative and critical
processes [..] to realize not just dynamism
and interactivity, but envision new kinds of
spaces and structures with a technological
integrity that challenges the static status quo.
(Lynn 2016, 16).

From this provocation a set of key questions
arise asking, how might we, as architects,
become active participants in exploring ways
robotic technologies are integrated into the
built environment and what are the spatial
implications and architectural ideas that
might emerge from their integration?

The architectural robot legacy, in both
its historical and contemporary context,
provides a framework for the pedagogical
experiment, outlined in this paper, entitled,
the Robot Project. Taking heed to Beatriz
Colomnia’s call for radical pedagogies, which
“shake foundations, disturbing assumptions
rather than reinforcing and disseminating
them,” (2012) the Robot Project seeks to
address transformations brought on by new
technologies and an information culture.
The project recognizes that emerging fields
today are exploring the use computers and
automation of robots in the home (domotics),
in cities (urbotics), and on land (orbotics)
(Somalvico 31). While Bill Gates forecasts
“a robot in every home” (Somalvico 31), the
former dean of architecture at MIT, William
Mitchell, envisions homes not as “machines
for living” but “as robots for living in” (Kapadia



2010, 48-53). It asks, will a future generation
of practicing architects be prepared to address
these  emerging  disciplinary ~ concerns?
Similarly to Walter Gropius's description of
industrialization as a "purifying agency' liberating
architecture from outmoded technological as
well as aesthetic values" (Picon 2014, 58-59)
during modernism, the Robot Project recognizes
that technological innovation can likewise be a
driver for epistemological changes, which forces
designers to think differently.

1. THE ARCHITECTURAL ROBOT LEGACY
1.1. A Machine for Living in

Importantly, the Robot Project is grounded in
a much larger historical and contemporary
context as defined through the longstanding
relationship between architecture and the
machine. In Le Corbusier's Towards a New
Architecture, he envisioned a new world derived
from industrialization and his infamous quote,
“a house is a machine for living in” first appears.
Corbusier situates the quote in the context of
the airplane imploring that engineers define
the problem of “wishing to fly like a bird” and in
response “invent a flying machine” (1986, 113).
He then questions how might we, as architects,
define and solve the problem of the house.
Despite the abundant reference to the machine,
its application in modernism focused primarily
on style rather than interest in the machine as
an instrument. However, 1960's architectural
discourse focused on the integration of the
machine as way to explore how it mightinfluence
both the conceptualization and inhabitation of
space from domestic to urban scale.

Post war thinkers like Reyner Banham called
for “a restored interest in technology in terms of
instrumentality” (Perry 2012, 74). For instance, in
Banham's “Anatomy of Dwelling” in collaboration
with  Frangois Dallegret, he exposes the
relationship between technology and domestic
life by pointing out that the house is so full of
mechanical and electrical services that the

instrumentation alone could provide shelter.
These drawings acted as a provocation to
architects to take a serious approach to
technology. Banham also presented these
ideas at the 1966 International Dialogue of
Experimental Architecture (IDEA). The Radical
Pedagogy archive describes Banham's talk
stating:

He concluded by asking whether the architect
of the future would still find him or herself
involved in the “enclosure business” or would
instead have turned towards environmental
conditioning systems of the type being
developed for the space program, from life
support suits, to telecommunications helmets
and food “shots.” (Buckley).

Banham's statement assumed that existing
trends in technology would grow and
urged architects to look at technological
advancements as a precursor for working
through the potential impacts on the
discipline (Perry 2012, 74). Such early ideas
of technological extrapolation focused on
adaptable architecture and transformation
of space as seen in the designs from many
of those 1966 IDEA attendees such as
Cedric Price, Archigram, and Yona Friedman.
These key players conducted technological
experiments that pushed boundaries in
architecture and drove resultant ideas
regarding ways of living.

Of course, the most notable project for
the concept of a reconfiguring building
embedded with responsivity was the Fun
Palace (1959-1961) proposed by Cedric
Price in collaboration with Joan Littlewood,
John Frazer, and cyberneticist, Gordon Pask.
The Fun Palace proposed a flexible and
transformable building able to accommodate
a variety of occupation possibilities. The
building system included a user interface
for reconfiguration along with the ability
to autonomously suggest new spatial
configurations whenever it would “get bored”
with common arrangements. Price believed
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providing spatial flexibility was the best way
to consider a building’s users and he argued
that new technology “should both serve the
public and further human freedom” (Ways of
Being Political 2013).

1.2. Architectural Robots a Humanist Project

While the robot legacy in architecture
reveals a trend, which exists primarily under
a humanist agenda, by striving to explore
alternative ways of occupying space in order
to enhance the relationship between people
and their environments. The exploration of
technologically optimistic design practices
suggest the line between social activism and
a technological agenda is not so distinct. For
instance, Buckminster Fuller, saw technology
as “a means to redesign society” (Picon 2014,
56). His designs for the Dymaxion house and
car "were not only [..] meant to revolutionize
the building industry, transportation and
everyday life; they were also intended to
pave the way for a radically different future
in which men would roam free on the surface
of the globe, live everywhere and fully take
advantage of their intellectual capacities”
(Picon 2014, 56). In the Potteries Thinkbelt
project, Cedric price also appropriated
mobility as a means to distribute knowledge.
He proposed to occupy a railway system in
order to transport and disperse knowledge
with the cars behaving as mobile teaching
units in addition to “inflatable lecture theaters,
foldout desks, and information carrels” in
order to provide a means of distributing,
sharing, and cultivating knowledge outside
of the static campus model (Changing of the
Avant-Garde 2002).

Urban narratives for softer architecture of
the 1960's suggested a liberation from the
status quo through flexibility and choice as a
means to facilitate density and the expansion
of the city. Yona Friedman explored human
centered design problems in his project Ville
Spatiale, providing an urban infrastructure
that supported flexible rearrangement, as
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a way of having occupants give meaning to
their environment through the freedom of
individual choice. While Friedman's proposal
involved complexity of motion through
reconfiguration, the project’'s focus was to
promote the discussion of urban growth
by providing the “fundamental right to self-
expression of individuals” (Ville Spatiale).
Archigram'’s work provides multiple examples
of the integration of various scale robots
through the lens of fiction as a way to
promote discussion that could lead to change
especially different from the ever growing
means of suburban life. For instance, their
prototype for a house of the future in their
exhibition titled, Living 7990, included a room
with two robots to accommodate moveable
services and change various states of walls,
ceilings, floors, and furniture. Looking at an
urban scale, Archigram's proposal for Walking
City envisioned an intelligent infrastructure
intended to freely roam the world making
decisions about where to move based on
resources and production capabilities.
Such robotic interventions of the 60's from
Friedman to Archigram suggest the capacity
for resilient response to natural disaster and
also promote an agenda for open boarders in
which cities effectively relocate in support of
vitality and equal access to resources for all
of humanity. In response to skepticism about
Archigram'’s ideas and their relationship to the
"human factor” Hans Hollein describes both
the social and political agenda behind the
work when he writes, “Their ideas are always
for people, for a better life for people” (Cook
1999, 6). As Hollein points out in Archigram'’s
work, the architectural robot in its legacy
interrogates both practice and culture by
exploring novel ways of living with technology
and each other.

While Archigram used fiction as a means to
deflect questions of actualization, other key
players like Nicholas Negroponte founder
of the Architecture Machine Group (which
later became the MIT Media Lab) sought
to realize context responsive buildings.



Negroponte describes the group’s vision of
‘a man-made environment that responds
to and is ‘meaningful’ for him or her” (1975,
ii), suggesting responsivity could provide
additional significance to the built world. He
also describes the goal of "humanism through
intelligent machines” (1970, 7) and the desire
to “conjure a world where buildings are [..]
animate, thinking, and emotive beings, which
actively house and protect us physically as
well as psychologically” (Beaumont 2015).
Negroponte's experiments sought not only to
promote alliances between architecture and
computation, but also strove to find ways to
advance the human condition by promoting
a symbiosis between man, machine, and the
built world.

1.3. The Speed of Society

In  contemporary research and design
practices, architects have been looking for
ways to deal with dynamics and spatial
reconfiguration. In projects such as, OMA's
Maison Bordeaux in France (1998), Greg Lynn's
RV Prototype House designed for the Bienniale
Interieur (2012), Axel Kilian's Flexing Room
exhibited at the Seoul Biennale of Architecture
and Urbanism (2017), and the Hyberbody
Group at the Delft University of Technology's
projects Musclebody and Muscle Towers
(2006), there is a commonality of exploring
ways to reconfigure space based on the user
needs and/or interaction. In fact, Michael Fox,
author of Interactive Architecture, coined the
term ‘robotecture’, which explores "human
and environmental interaction and behaviors,
embedded computational infrastructures,
kinetic and mechanical systems and physical
control mechanisms" (2009).

Elizabeth Diller, in an interview about the use
of moving parts in their practice, explains,
“It's not the movement that is important. It's
the speed of its responsiveness to the needs
of the artist” (Davidson 2016, 59). In this
statement she explains the necessity of the
artist to not limit ideas or the actualization

of ideas. Such freedom within architecture
provides a means for the discipline to evolve
to the growing needs of occupants within a
digital age. In an interview with Sidewalk Lab
regarding the development of the Shed along
the High Line in New York, Diller describes that
society is moving so quickly and it is essential
that the architect's work try to respond to
the shifting needs of society and the need to
create an architecture which is both supple
and distinct (Jaffe 2019).

2. ARCHITECTURAL ROBOT PEDAGOGY
2.1. Epistemological Change

Within  the context of the historical
and contemporary practices involving
architectural robots comes a need for a
complementary idea about robot pedagogies.
Beatriz Colomnia urges for experimental
pedagogies in architectural education when
writes, “As schools appear to increasingly
favor professionalization, they seem to
drown in self-imposed bureaucratic oversight,
suffocating any possibility for the emergence
of experimental practices and failures”
(Colomnia 2012). By looking back to the
educational experiments of the 60's and
70's, she reminds us of the epistemological
changes resulting from pedagogical practices
that support a willingness to walk into the
unknown. This kind of epistemological
change, which forces designers to challenge,
question, and rethink, is most important
consequence of the subsequently outlined
Robot Project, at least for now.

2.2. Methodology

Instead of amplifying anxieties about
conditions of alienation produced by advanced
technologies and machines, the Robot Project
draws on the history of humanistic concerns
seen in the architectural robot legacy and
looks for ways that living with and within
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the machine permits discovery of newfound
intimacies between ourselves, each other, and
the world around us. The Robot Project was
part of a course, of approximately seventy
architecture students, that aims to rethink
current pedagogies for computational design.
Itimagines a space of learning that integrates
craft and speculation, criticality and creativity,
and innovation and social consciousness
through production of architectural robots.

Drawing on the definition of a robot,
which involves complexity of motion and
programmability, paired with the essential
qualities  of architecture (i.e, space,
occupation, light, experience, etc) the
project asks students to combine these two
characteristics in order to both design and
build a working prototype of an architectural
robot. Due to the scale and nature of the class
(i.e., large scale and conducted outside of the
studio setting), the project encouraged self-
guided intellectual play through prototyping
and workshops in physical computing. For
instance, the first workshop was a two hour
long design charrette in which the students,
working in groups of two, were given a small
DC motor and wired battery pack and told to

make an object that propels itself forward
with materials that are found, recycled,
reappropriated, etc. Additional workshops
topics included introduction to programming,
the basics of physical computing, actuators,
sensing, and mechanisms. The project
methodology focused on hands on making
and prototyping in parallel with modeling in
order to see problems related to geometry,
materiality, and fabrication. The students
also explored historical and contemporary
examples of architectural robots to help
inform and promote discussion around their
own creative narratives.

One of the resulting designs revisited
Archigram’'s Walking City project through
the lens of Theo Jasen's Strandbeast using
a linkage configuration to both support and
accentuate the performative nature of their
robot's walking motion (Figure 1). Other
student groups envisioned designs for the
autonomous cars which separately housed
a movie theater, gym, and library in order to
provide programmatic amenities during the
commute (Figure 2 and 3). Another group
sought to explore the use of real time news
data to filter out key terms related to gun

Figure 1. Image of revisited Archigram’s Walking City robot through the lens of Theo Jasen's Strandbeast. Source:

(Rachel Dickey 2079)
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Figure 2. Public library and that roams the city providing access to wifi and distributing knowledge. Source: (Rachel
2019)

Figure 3. Top left: Autonomous car with 3D cinema display. Top Right: Robot uses real-time news data as input
and expands and contracts based on the occurrence of key words related to gun violence. Bottom Left: Robot
that reflects signals and remains unseen to other technologies. Bottom right: Expansion robot that temporarily
protrudes outward and claims public space for events. Source: (Rachel Dickey 2079)
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violence such that their robot would change
shape in order visualize conflict in public
space and provide a place where conflict is
exposed, debated, and transformed (Figure 3).
Inspired by Bauhaus pedagogies which
included event, performance, and cultural
play space, and in lieu of traditional formal
design review, the students organized a
concluding event and performance of their
thirty-nine  uniquely designed, fabricated,
and programmed robots that strut their
computational prowess while walking, rolling,
even dancing down a fifty foot long catwalk
in their final exam time debut. Driven by
Bluetooth technology, and designed and
actualized through physical computing and
digital fabrication, these robots dared to excite
and challenge ideas about the contemporary
discourse and discipline of architecture.
Evolving from the inherent interest in objects
that move, the event also acted as a way to
invoke curiosity about the work from faculty
and students alike.

Rethinking the culture of design, making,
and presentation, the students organized the
arrangement of the runway space, designated
a DJ to play each robot’s theme music during
their runway walk, and nominated a series
of commentators to actively describe each
robot during the runway debut. Some of the
descriptions, prepared by each group, read
like a detailed high fashion garment summary,
while others read like a World Wrestling
Federation commencing narrative. Both
the project and related event draw a finer
line between rigor and play. Similar to the
motivations of the Bauhaus, as described by
teacher, Johannes Itten when he writes, “Play
becomes celebration; celebration becomes
work; work becomes play" (Loewenberg 2012,
22). Like Itten's desciption the Robot Project
and corresponding event try to encourage
a design culture of fostering both critical
thinking and creativity and provide a play
space for responding to a world embedded
with technology.
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2.3. Takeaways

While a primary objective for the Robot Project
was to introduce students to computational
thinking and adaptive architecture, other
architectural problems arose during the
project. Students had to consider how to
integrate mechanical systems by including
their micro-controller, network of motors,
gears, power supply, etc. Many for the first
time, were exposed to working with integrated
systems and specifications in order to
understand the basic information related to
their actuators, such as ratings, voltages,
torque, etc. Additionally the students directly
engaged in fabrication problems through
both physical and digital prototyping, in which
they had to consider material tolerances and
material properties such as bending radi,
elasticity, and even the coefficient of friction in
order to get enough resistance for movement.
Thus, the project constraints stemmed from
the design problem of making an operational
robot relative to their larger narratives
regarding transformation of space.

As growing emphasis on information
and integrated technologies in the built
environment place a new set of requirements
on architects, the students were also provided
with the opportunity to explore alternatives
to previously determined conditions and
embrace both quantitative and qualitative
characteristics of dynamic systems. The
explicit goals for the project seek to explore the
boundary between robotics and architecture
and promote creativity at their intersection
by encouraging novelty with intention. It also
strives to introduce students to critical ways
of thinking about technological integration in
architecture. While the project operated under
these objectives, the course also took on a
transformation from its traditional pedagogy
which shifted focus from the application of
computation in design for the generation of
new formal languages to the appropriation of



computation as a means for thinking about
integrating feedback in architecture.

The difference in shifting focus on
computation as formal language to a means of
understanding feedback relates to what Theo
Spuyroploous, calls “the shift in preoccupation
from building as object to building as
system” (2011, 425). Early digital architects
found interest in this notion of feedback
not only related to production of design,
but also integrated into the performance of
architecture. For instance, Kas Oosterhuis
explored shape changing structures using
real time content to accommodate changing
use over time in the Trans-Ports Multimodal
Pavilion (2000). The nodes of the pavilion
would change position to allow the overall
surface to shift in form. Oosterhuis describes
early revelations regarding an adaptable
and shifting architecture when they were
fabricating the Waterpavilion (1997) with NOX:

We realized that CNC production machines do
not read drawings but process data instead.
So we decided to produce data which were
directly used by the algorithms running the
machines. It was the birth of deep parametric
design to production. [..] This triggered me
to think of architecture as a dynamic system,
not only in the design phase where everything
is still moldable, but also in its behavior as a
built structure. (Oosterhuis 2017)

Through the lens of the parametric model,
Oosterhuis suggested a mindset in which
parametric animation does not stop, instead
architecture itself could be set of parameters
in motion guided by feedback. In other
words there was an interest in not limiting
architecture to “a static representation of a
dynamic process” (Perry 2012, 73), but instead
allowing the process to inform a flexible
architecture. Thus early digital architects
caught up in formal possibilities, like the
modernist interest in the machine relative
to stylistic concerns, lost sight of its origins,

which Oosterhuis explains showed interest in
the integration of contingency in architecture.
Another important lesson from the class was
the consideration of time and speed relative
to the built environment. Most students chose
to think of architectural robots purely as a
means for producing dynamic buildings and
spaces and few considered how their robots
situated in space change human behavior
and activate space differently which is also
inherently architectural. Overall the course
placed emphasis on design ideas actualized
through prototyping rather than efficiency
or  optimization.  Future  development
of the project and course could include
interdisciplinary ~ collaboration  between
engineers and architects in order to advance
kinematic components, while also exploring
ways to enhance, define, and accommodate
spatial needs. The hope of the Robot Project
is to generate a new generation of architects
that are able to realize architecture as a
system, but also equipped in conceiving of
novel spaces, environments, and experiences.

CONCLUSION

Skeptics may well wonder: Why complicate
our buildings with robotics? We'd be the first
to agree, for example, that buildings should
employ windows, not air conditioning and
artificial lighting, to make the most of daylight
and natural heating and cooling. Still, who
would deny that electric lighting and central
heating extend the usability of our buildings?
We see architectural robotics the same way,
as potentially extending and enhancing the
use and usability of our built environments.
(Gross 2012, 32)

The rapid changes brought on by an
information based society and the complexity
that exists within negotiating systems
and forms relative to varying needs of
the occupant have generated a desire for
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dynamism and indeterminacy which greatly
contrasts with the traditional architectural
ideals of determinacy and permanency
(Bhatia 2012, 216). The architectural robot
legacy and project outlined looks outside
the “static status quo’ and instead envisions
the integration of computation in design as
a means for examining feedback directly
related to human factors, which could evolve
to include flexibility of use and unique forms
of experience.

While automation of robots in the built
environment is already being discussed
by engineers and specialist in human
computer interaction, current trends sum
up an automated architecture to no more
than a ‘disembodied voice” with voice
control systems or “a world of scaffolds and
screens” (Kilian 2018, 233; Young 2016, 130).
Conversely if we revisit Corbusier’s expression
and really explore what is might be like to live
with or within the machine, opportunities arise
for novel spaces and structures that address
human needs and ways living, perhaps even
needs we never even knew we had or ways
of living we have yet to explore. If we, as
architects want to be leaders in the discourse
and practice of determining the advancement
of the built world, then we must carefully
reconsider the machine for living and imagine
a new set of possibilities for exploring the
integration of feedback and responsivity into
the built world.
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ABSTRACT

Digitally controlled machines and rapid
solidification mixtures are allowing to
execute  buildings  through  3D-printed

construction with a reduction of resources,
waste, time and manpower. Moreover, this
technology provides a direct flow from
design to execution. However, the general
characteristics of buildings made with
this technology have not been confirmed
yet. This work aims to identify features
of architectural design with 3D-printed
construction through material tests, study of
cases and digital models, with the purpose
of guiding the building development. Printing
proofs show the execution of elements with
rough textures, rounded corners and limited
ranges. The cases analyzed demonstrate the
emergence of a variety of buildings executed
with different equipment which share some
construction conditions. Digital modeling
of 3D-printed buildings offers opportunities
of analysis and optimization, especially
regarding curved walls, as well as the
integration of fabrication design and control.
The sinuosity of printed walls becomes a
preview of the innovative spatial features that
this technology is able to provide. This review
reveals novel operational and perceptual
conditions of 3D-printed architecture that
indicate possible evolution in the roles of
design and buildings in the city.
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INTRODUCTION

Digital control of machines and the fast
hardening capacity of certain materials has
promoted the emergence of new 3D-printing
technologies. These technologies have
allowed executing individual constructive
elements or entire buildings (Labonnote et al.
2016; Delgado Camacho et al. 2018) that can
reduce consumption of resources, waste,
time and manpower in the construction
industry, while providing higher accuracy
and digital integration between design and
execution. This leads to examine what
would be the appropriate characteristics
of buildings made with this technology.
Therefore, this work aims to identify specific
features of 3D-printed architectural design
through the study of material tests, cases
executed and digital models in order to boost
the development and experimentation with
this new technology.

3D-printed construction is an additive
manufacturing (AM) process based on
the deposition of a fast-solidifying fluid
material that allows executing human-
scaled elements (Craveiro et al. 2019). This
deposition consists in the extrusion of a
mixture pumped to reach a nozzle that is
vertically attached whether to a 3 DoF gantry
system or to a 6 DoF robotic arm. In some



Figure 1. Printed construction experiments with a Kuka120 R2500 robot. Source (Authors 2020).

occasions, there is an additional control,
feed or pushing device in the final section
of this system. The material pumping must
synchronize with the movement speed
of the nozzle, which is controlled by the
gantry system or the robotic arm through
digital programming of the deposition
trajectory. This trajectory is determined from
a geometrical model and usually divided
in horizontal paths that define successive
layers of material extrusion.

At the Universidad del Bio-Bio (Concepcion,
Chile) initial printing proofs were first
performed with a small experimental gantry
system (1 x 0.6 x 1.2 m) and a mobile deposit
of 9 liters. Nowadays, more advanced
experiments are being carried out using a
Kuka120 R2500 robot with an action radio
of 2.5 m, along with a concrete pump of 120
liters to build wall sections, columns and free-
form pieces (Fig. 1). These proofs have made
it possible to test cementitious mixture, to
define procedure for printing proofs, and to
identify construction features that have been
found to be coherent with other experiences
worldwide (Bos et al. 2016; Ghaffar, Corker,
and Fan 2018; Ma, Wang, and Ju 2018).

1. THE CORNER ISSUE AND OTHER
PECULIARITIES OF 3D-PRINTED
CONSTRUCTION

When using 3D printers with fused deposition
modeling (FDM), extrusion feed rates are
proportional to the lengths of linear segments
usually employed. However, in Computational
Numeric Control (CNC) machines velocities
does not remain constant during the path
defined. At the beginning of each segment,
the devices must accelerate until a constant
speed is reached, and then must decelerate
when approaching a change of direction. As
aresult, an excess of material is deposited in
those zones where the trajectory’s geometry
abruptly changes (Ertay, Yuen, and Altintas
2018). This issue is also known as ‘overshot
corners’. Through a correct calibration of the
speed, acceleration and over-acceleration
(jerk) parameters of each axis, the flow rate
or extrusion multiplier, and other parameters
that can be configured through software,
clean edges can be achieved, but there are
also machine vibration.

In 3D-printed construction, the Contour
Crafting (CC) method incorporates 4 DoF
(TX, TY, TZ and RZ), where controlling the
rotation of the nozzle during the printing
process, to keep a tangential direction.
However, in certain moments, the nozzle
must stop or slow down the extrusion while
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rotates and pushes the material from the
opposite edge and this technique tends to
create bulges around the corners. Therefore,
the nozzle must reduce the flow rate when
approaching a corner, and that reduction
depends on the corner's angle (Khoshnevis
et al. 2006). In rectangular extrusion nozzles
another known effect is the torsion of mortar
cords in corners. To avoid this torsion, the
nozzle's direction must remain tangent to the
deposition trajectory in synchrony with the
tangential speed and the material pumping
pressure. These parameters are directly
related to the viscosity of the cementitious
mixture (Bos et al. 2016).

Other effects are attributable to the
electromechanical configuration of 3D
printers or 4 DoF machines. Acceleration
and deceleration ramps are necessary to
break the inertia of the motors that are part
of the pumping and/or extrusion devices.
These configurations do not allow printing
right angles because of the deceleration of
the printer before reaching the corner. This
results in an enlargement of material in
the outer part of the arc (gap) and an over-
accumulation in the inner arc of the corner
(Fig. 2). Therefore, it becomes necessary to
use a curvature radio in the edges to achieve
an homogenous deposition of material
(Borg Costanzi et al. 2018). Similar than fillet
procedure in digital drawing of corners to
execute regular trajectories.

Another printing issue is the cumulative
angular error in corners of CC systems with
4 DoF. The nozzle must reach the required
rotation in the last segment of a line when it
passes through a corner. When the nozzle's
rotation speed is too low to finish the rotation
within that segment, an angular error arises
that the system tries to correct in the next
corner. These errors accumulate layer after
layer, especially in short segments with
great curvature radios (Xu et al. 2019). More
effects, such as the lack of material at the
beginning of a deposition trajectory occur
because of the delay between the start of
material pumping, the material's inertia in
the interior of the hose, and the deposition
movement. The effect of this discoordination
increases in trajectories starting and ending
in an orthogonal vertex, where they produce
whether an excess or a lack of material (i.e.
bulge or gap).

A different approach to this ‘corner issue’
in 3D-printed construction is presented
in the CONPrint3D® (Krause et al. 2018;
Mechtcherine et al. 2019), which consists
in the use of a nozzle especially designed
to end straight trajectories with no direction
changes, combined with the overlap of cords
with a rectangular section. This approach
implies a discrete cut (true-false) of the
monolithic cords in an alternate way avoiding
continuous control of the extrusion flow rate.
When approaching a corner, the pumping is
abruptly stopped, then the rotation and new

Figure 2. Material deposition in corners with different curvature radios. Source (Authors 2020).
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positioning is performed, and the pumping
is started again to continue with the next
straight segment. Thus, the overlap and gap
effects in corners that arise from continuous
rotation (RZ) in conventional CC systems
with 4 DoF are avoided.

The use of robots with 6 DoF in 3D-printed
construction can avoid the continuous flow
rate and material pressure control in pumping
equipment. The robot-based continuous
welding technologies used in automotive
industry allow the robot's end-effector to
describe trajectories with continuous speed.
This process only requires coordinating the
start and stop via programming code. The
use of conventional slicing programs for
FDM that are usually applied in 3D-printed
construction  experiments to  generate
straight segments in G-code can be replaced
with parametric control tools such asHAL
or KUKA|prc , which already integrate
continuous trajectories, lines, continuous
arcs and splines.

Aside from the ‘corner issue’ here described,
there are several phenomena that occur
during the printing process. Since the
printing material is deposited as a horizontal
cord through the nozzle (which is usually
circular), both a transversal expansion and
a vertical reduction are produced because of
the setting process and its own cumulative
weight of material. As a consequence, an
adjustment between the design dimensions,
nozzle measurements and magnitudes

of the deposited cord must be made, as
well as a reduction in the horizontal joints
between cords is produced making a rough
texture in the elements’ faces. The cord’s
dimensions depend on the nozzle's size,
mixture density, air humidity, flow rate, print
speed, opening time, and initial setting time.
These dimensions must be supervised in the
execution to estimate the modifications in
the design to be printed and the trajectory
that allow adapting to these phenomena.
When the printing path completes each lap,
it is necessary to change the position of the
nozzle in height, and this jump’ produces a
bulge similar to that of the aforementioned
‘corner issue’. Thus, it becomes advisable to
generate printing paths that follow a spiral
form to avoid bulging when completing
each lap. These spirals must grow the
height of one cord in each lap minus the
height adjustments due to the setting and
cumulative weight effects. The early setting
time of the mixture must be regulated to
resist the weight of the subsequent layers
without major dimensional alterations.
The spiral trajectory, equipment range
and material feeding establish maximum
magnitudes for the printed elements to
keep that slope progression. Therefore,
sections and sequences of execution must
be established according to the machines
position and material load capacity.

The vertical sequence of cords is prone to
overturn, especially in straight sections of
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Figure 3. Perimeter printing proofs of a reinforced structural element. Source (Authors 2020).
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the element, thereby making it advisable to
use ample curves or transversal sections
in the design. Interior reticulates also
collaborate in supporting the element once
executed and act as partial fillings. Additional
proofs have been performed with an UR5
robot to print constructive elements with
inner reinforcing steel bars (Fig. 3) aiming
to determine strategies to move the robotic
arm along the perimeter without interfering
with them. However, this requires to apply
the extruded mixture with an angle of the
nozzle that allows avoiding clashes between
the tool and the printed element, which can
be predicted in the path programming using
HAL, KUKA|prc or similar software. Also, this
incli