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The Responsive Cities Symposium / Urbanism in the Experience Age is 
one of the main activities carried out under the Knowledge Alliance for 
Advanced Urbanism - KAAU (www.ka-au.net) EU co-funded project. Based 
on the assumption that the increasing availability of data creates new op-
portunities not only for monitoring and management, but also for changing 
the way we describe, understand and design cities, KAAU is seeking to 
promote the innovative education and training that emerging technologies 
require, developing courses, symposiums and an educational and training 
platform.
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FORWARD

Over the last decades a new generation of cities and new city-planning para-
digms have emerged. Urban development leaders and governments throughout 
the world have begun to consider innovative systems, driven by information and 
communication technologies, to be critical drivers with which to face today’s 
urban challenges. Cities have started to invest in technology through the im-
plementation of new transport management systems, water and contamination 
monitoring systems, smart energy grids and energy efficient buildings, to name 
a few.

The intelligent systems and devices have formed a new hidden layer, enhancing 
performances, but basically remaining separate from the city’s materiality and 
spatiality. This hidden layer took the name of Smart City, the expression of the 
Information Age, a period dominated by the accumulation of information, its or-
ganization, and transmission through centralized monitoring systems or desktop 
computers.

The Information Age saw the role of architects and urbanists in generating 
visions for the city’s future start to fade and the Smart City was theorized, 
described and developed by IT companies, who dominated the knowledge and 
access in technological advancements.

Today’s advances create a scenario where technology has started to be em-
bedded in our everyday life in such ways that it is becoming part of our bodies 
and surrounding environment, hence overcoming the desktop era. Architecture 
transforms into an evolutionary organism, able to react in real time to various 
data, finally questioning the solid principles of durability, stability or longevity. 
Wearable and virtual reality technologies allow us to relate to each other and 
with the environment at augmented levels. New softwares and hardwares 
expand the possibilities of the internet of things, connecting object and users in 
spatial experiences: spaces are interacting with our body and neuro data, and 
building skins are becoming hyper connected interfaces. At the same time, DIY 
and open source cultures push towards the democratization of technologies 
and production means, bringing them closer to users, allowing them to actively 
participate through an experiential peer-to-peer learning and making process.
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These epochal changes bring us to question, imagine and try to describe 
what is coming after the Information Age, when technology is not just a cat-
alyst, but the foundation for social interaction. The day that internet connec-
tion will truly be democratized for every person on the planet, and technolo-
gy will be deeply embedded and integrated into objects, human bodies and 
space, the debate for technology per se will end, finally opening the way to 
deeper social, spatial and learning synergies.

The Information Age is giving way to an Experience Age, characterized by 
high levels of physical interaction and emotional involvement. What are the 
new aspects and factors of spatial performance and user actions within 
such a shift? How will emerging communication and inter-communication 
models in agglomerations affect their urban environments?

In this context, the Urbanism in the Experience Age Symposium claims a re-
newed active role for architects: the objective is to go beyond the limitations 
of the “Smart City” vision, investigating “Advanced Urbanism”, intended as 
the practice of designing and planning receptive and reactive spaces, rather 
than the mere application of technological systems. Such a vision requires 
to rethink our design tools and planning processes, as well as the invitation 
to revise the educational models surrounding urban sciences.

The city planned following the Advanced Urbanism paradigm is a Respon-
sive City that, through new communication protocols and design approach-
es, becomes an adaptive, emotional and experiential environment, able to 
hyper-connect and process information, changing its shape and perfor-
mance according to the contingencies.

Responsive cities - Urbanism in the Experience Age Conference Proceed-
ings collects the papers selected and presented during the Symposium.
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DIGITAL TECHNOLOGIES FOR ADVANCED URBANISM

The development of digital technologies brings a new challenge for urban 
environment as it becomes progressively more mediated by new digital 
tools. 
The way cities are perceived todays is quite different with respect to last 
decades, as a result of new hybrid realities to which we are constantly ex-
posed (Castells, 2004). As digital technologies keep on penetrating urban 
and social dimension, understanding the complexity of this rapidly expand-
ing phenomenon is a pressing need for city planners. 
Traditional approaches in urban space design tend to bring order and con-
trol, hindering the creation of expressive spaces that can host and stimulate 
social interaction (Sennett, 1990).  New forms of place appropriation can 
be opened thanks to an attentive and innovative integration of new technol-
ogies in urban planning practice. However the use of new tools has brought 
important questions to both research and practice. Technology has modified 
our conventional outlook towards relationships and is bringing us to recon-
sider our relation with physical space. There is therefore a pressing need to 
elaborate on the urban challenge that the fusion of the digital into the real 
world poses. The advancement in technology becomes challenging for all, 
especially as it brings the integration of different disciplines as planning, 
programming, art, biology, social sciences and engineering, among others. 
New possibilities are emerging thanks to innovative tools to enhance 
liveability of urban spaces and to involve citizens into the urban design 
processes. The Responsive Cities - Urbanism in the experience age Sym-
posium call for papers and projects was targeted at generating knowledge 
in order to better understand the impact of digital technologies the urban 
space.
The papers presented in this conference proceedings illustrates interdis-
ciplinary perspectives from architects, urbanists, designers and computer 
scientists, among others. Diverse approaches to the research field are also 
offered, including work on new methodologies, new theoretical or concep-
tual models for the public space in the digital era, as well as preliminary 
studies of peoples’ use of, and engagement with, technology in public 
space and presentation of implemented projects.

Chiara Farinea
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The papers contribute to an emerging body of work that seeks to 
understand how emergent technologies are influencing planning (Design 
section), relations (Share section), sustainability (Adapt section), city 
perception (Experience section) and knowledge development (Discussing 
the responsive city section).

DESIGN
designing intelligence | physical and digital merge | new interfaces

This section explores the new possibilities that the introduction of digital 
technologies is opening in the field of urban design.
Information technology has enabled built environments to be more flexible, 
responding to emergent needs. The paper “Joint Functions: Deploying 
Distributed Generation” (Robert Douglas McKaye) describes the systems 
enabling our cities to be responsive, namely the capacity of computers 
and integrated sensor systems to monitor both human activity and 
environmental conditions, the availability of locally generated energy thanks 
to technologies for self-sufficiency, and the availability of platforms which 
engages the users of the built environment by visualizing harvested data.
However a further shift in planning approach is needed to adapt to the 
transition to the Age of Experience. The paper “Planning the Augmented 
City” (Maurizio Carta) describes the paradigms and tools of the Augmented 
City, a spatial/cultural/social/economic device for enhancing contemporary 
life. In detail, the author sets up ten paradigms for planning the Augmented 
City, in spatial, social and economic sense.
Also Justyna Anna Karakiewicz, Thomas Kvannd and Mark Burry reflects on 
the need of a shift in planning practice as they observe that Smart Cities are 
predicated on traditional models of our cities. The technologies deployed to 
make cities smarter focus on reaching targets developed using nineteenth 
century urban theories, using the new capabilities to reinforce past 
practices. “Smart Villages Makes Smart Cities: a complex adaptive systems 
foundation for innovation” (Justyna Anna Karakiewicz, Thomas Kvannd, Mark 
Burry) tries to conceptualise smart cities in a different way, as cities that 
support their evolution and enable innovation. 
A significant contribution to cities evolution is given by astrospatial 
(developed for space exploration) and geomatics (terrestrial monitoring) 
technologies, which are helping to understand and solve the complex 
challenges of managing our planet, as revealed by Davina Jackson. Human 
living is being transformed by ingenious applications of astrospatial 
technologies, harvesting and transmitting data that are destined to inform 
most human behaviours in future. “Aerospatial Architecture and Data Cities. 
An urban ethos from electromagnetic fluxes” (Davina Jackson) explores the 
potentials of ‘astrospatial architecture’ for the development of our cities.
Finally, a reflection about the use of form finding simulators to improve 
design practice is offered by “The Human Swarm” (Iacopo Neri, Fabio 
Forconi, Michela Tonelli) paper. The authors describe the development of 
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a tool which aims to help architects and urbanists in the study and design 
of urban areas characterized by an intense passage of pedestrians. This 
tool experiments with possible applications and developments in the 
architectural field of the mathematics theory of the Swarm Intelligence, 
which focus on the collective behaviour of decentralized, natural or artificial, 
self-organized systems. The result achieved consists in a three-step form 
finding process at both the urban and the architectural level. 

SHARE
open innovation | citizen participation | ethical cities | sharing 
economies

As highlighted in this volume by Alessandro Seravalli, since many years the 
idea to shift from a kind of culture which considers planning as a product, 
into a culture that considers planning as a process is strengthened. 
This conceptual innovation has been often summarized pointing out the 
need to change the archaic hierarchical planning into a new cooperative 
and reticular planning system characterized by an high level of shared 
information. This section presents several examples of sharing systems 
based on digital innovation, from apps for exchanging information and 
services between users, to platforms transferring information from public 
utilities to citizens. Moreover papers discussing different typologies of 
shared services management systems and reflections on data security are 
presented.
With regards to information sharing between users, two systems are 
presented: the paper “EAVE – A project on local networking” (Fabio 
Galicia, Daniel Szemerey) describes the development of Eave, a mobile 
application allowing users to share opinions on crowd-sourced topics with 
local community. Anybody with the app can upload questions, interests or 
ideas to the server, users can record short messages on those topics that 
the community can hear for a limited time. 
Moreover, the paper “Kogu-kogu: Interactive Design for Engaging People 
to Enjoy An Unexpectedly Bicycle Service” (Naoya Hayashi, Zhou Jihai, 
Prof. Okude Naohito, Chihiro Sato) describes Kogu-kogu, an app helping 
bike travelers in Japan to discover hidden places and experiencing real 
local culture instead of stereotypes. The app consist in a map enabling the 
traveller to find tags distributed in the city by local people, giving hints and 
advices on local culture and services. It is aimed to bring tourists near to 
real local culture, discovering the Japanese culture richness.
With regards to the transfer of information from public utilities to citizens 
Alessandro Serravalli highlights that Public Authority (PA) should promote 
the participation of citizens, renovating its role in the framework of a 
cooperation between citizens and administration. The paper “Digital 
Ecosystem for Smart Data Share” (Alessandro Seravalli) describes Data 
Strategy project, an informative and services infrastructure aimed at 
providing a useful tool supporting both understanding and decision making. 
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The potentiality of this infrastructure is the opportunity to manage the 
development of a territory according to a dynamic approach, thus making 
competitive the territorial system. The project aims at creating a system 
of database with geographical-referenced data. The initial development 
phase included all available resources related to essential and specific 
cartography, technological networks and urban infrastructures (OSM, 
Google, Ortofoto and satellite images, land use, geological and lithological, 
parks, protected areas, street guides, viability, under/over ground networks, 
telecommunication infrastructures, Gas networks, Street lighting, etc.).The 
project is structured into three sections: one is related to information, one 
is targeted at the definition of new rules and trading agreements, one is 
addressing the tools supporting decisions. 
Also about information transfer to citizens, the paper  “LIMES. A design 
platform for urban responsive behavior” (Laura Ferrarello, Suramya Kedia) 
describes the urban design platform Limes, which uses data manipulation 
to develop a responsive digital infrastructure. The platform is at an early 
stage of experimentation and consist in a simulation model based on 
voxel manipulation, that, on the base of Transport for London data, informs 
citizens about mobility.
A reflection on shared services management, that can be shifted from a 
technocratic model of management to an anthropocentric one,  is presented 
in the paper “Beyond Smart City: questions of agency, governance, and 
efficiency in shared mobility systems” (Dimitris Papanikolaou). Through 
the example of bike sharing management, the author analyzes the actual 
system based on a central agency collecting information from the system 
and determining the best routes to move vehicles from full to empty stations 
and proposes an alternative system based on self-governance, a social 
mechanism incentivizing users to rebalance the system.
Finally, a  reflection on data security is presented in the paper “Planning 
for Digitally-Mediated Public Space Policy Implications for Internet of 
Things Frameworks in Urban Environments” (Emily Royall). The ubiquitous 
deployment of sensor technology in our physical environment raises 
important questions about data privacy and security, as well as the 
societal impacts of this new technology. The objective of the paper is to 
provide the reader with an overview of the technology, power structures 
and stakeholders related to IoT integration in the urban environment, and 
suggest pre-emptive policy directives that mitigate risks associated with 
IoT in order to capture latent opportunities presented by this emerging 
technology. Three typologies of digitally-mediated spaces are examined: 
Body Space, Public Space and Software Space, for relationships between 
emerging technology, IoT stakeholder interests, and effects of these 
dynamics on the nature and use of public spaces. 
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ADAPT
resilience | programmable matter | dynamic ecologies

Papers presented in this section reflect on urban metabolism towards 
sustainability, highlighting the need of infrastructures for multiple local 
services, enhancing environmental urban quality. 
Dennis L. Dollens highlights that architecture and smart cities are failing to 
integrate sufficiently artificial intelligence and living technology as design 
tools to address climate change. The paper “Smart Cities: Buildings, 
Microbes, Matter, Intelligence” (Dennis L. Dollens) puts forward a dialectical 
framework for both a theoretical operating system and preliminary pathways 
for developing metabolic architectures as biologic machines that plug into 
smart cities. The question addressed by the paper is: Why not attempt to 
design intelligent, metabolic architecture concurrently with the smart city as 
integral, interactive, sensory, living facets of nature? To those commissions, 
Dollens states that we may theorize and prototype metabolic architectures 
capable of remediating environmental pollution as for example airborne, 
molecular particulates. Doing so, smart cities can be recruited into the 
network of life and and they can deploy the biological intelligence of plants 
and microbes for action in metabolic architectures living in smart cities. 
The paper “Landscape as Infrastructure. The Adige Park in Trento (Giulia 
Boller) presents the possibility of conceiving landscapes as urban 
infrastructures capable of meeting specific performances (hydraulic, 
ecological, productive, etc.) in order to integrate into a new life cycle 
abandoned urban areas. It applies this idea to the case study of Trento 
(Italy) exploring the reuse of urban dismissed areas. In particular, the 
project studies the existing residual open spaces within Trento and their 
transformation into active space for multiple environmental services.
A reflection on wastewater in urban environment is proposed in “Porosity 
Urbanism: design proposal of decentralized sewage treatment facility for 
urban farming community” (Zhao Deli), which explores the possibility to re-
shape architectural space in close relation to environmental infrastructures. 
Currently most of sewage treatment centers, for cleaning the increasing 
amount of waste water, are far away from urban life. The paper describes an 
alternative porous purification facility of grey water collected from schools, 
transforming it locally in a water resource for urban farming activities, linking 
urban infrastructure with local community. 
“(New) Resilient Landscapes” (Giulia Garbarini) investigates the sustainable 
energy transition underway from a landscape perspective. The paper 
reflects on productive landscapes, with particular attention to wind energy, 
and the relation between their shape, the implementation of new devices 
and local identity.
Finally, a reflection on comfort is presented in the paper “Towards an Urban 
Spatial Model for Thermal Comfort “(Evan Greenberg) which presents 
the development of an index system for spatial thermal comfort. Sixty-four 
existing thermal comfort indices have been identified and reviewed and 
their parameters mapped in order to identify those which are spatial. Eleven 
spatial parameters have been selected, analysed and quantified in order to 
develop a new optimised thermal comfort index.
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EXPERIENCE
gaming | hyper cities | augmented reality

The section explores the contribution that gaming can give to participation 
in decision making, participatory planning and awareness raising. Moreover 
it gives examples about the contribution that virtual communities can give in 
order to enhance the connection between physical spaces.
Games have been put forward as a way of easing participatory processes 
ever since the sixties, having the ability to give form to cooperative 
environments and support actor interaction. However, developing a good 
game is time-consuming and thus costly. Considering that civic participation 
requires the involvement of multiple audiences, typically addressing a 
multitude of issues over longer periods of time, it is clear that such a 
process calls for a series of games, making it virtually impossible for one 
organization to cope with. As such, the paper “MINI-GAMES to Support 
Civic Participation” (Teodora Constantinescu, Oswald Devisch) proposes 
to no longer reasons in terms of complete games, but rather in terms of 
generic mini-games addressing particular challenges/objectives of civic 
participation. These mini-games can then be combined into a ‘full’ game 
in order to align the actions of all actors involved. Four mini-games are 
presented, developed as part of a participatory process that is meant to 
facilitate a better understanding of complex urban problems.
The contribution that gaming can give to participatory planning is also 
explored in the paper “Unreal Urbanisms: A Users Guide to Engagement 
Gaming for Community Planning” (Temitope Olujobi, Amber Bartosh). It 
presents Unreal Urbanisms Project, which utilized the Minecraft game 
virtual environment to design the 21st century Liberland, a European 
micronation, located between Serbia and Croatia on an unclaimed plot of 
land that is about 2.7 sq. miles. In order to define a project to be presented 
to investors, a competition has been organized, based on Minecraft game, 
as tool for developing new ideas. The end result of the Unreal Urbanisms 
experiment determined that massive multiplayer online games can be used 
to stimulate citizens creativity and collaboration in the planning process.
The possibility of developing educational and operational digital 
infrastructure in the form of video games, to design architectural 
and urban scenarios with the aid of a massively distributed crowd is 
presented in “Block’hood, attempts of design at a planetary scale” (Jose 
Sanchez). The paper outlines the development and implementation of 
the game Block’hood allowing players to explore and design patterns 
for the implementation of 21st century neighborhoods. Block’hood is a 
neighborhood simulator video game developed by Plethora Project directed 
by Jose Sanchez. The game is an attempt to engage a global audience 
with notions of ecology, entropy and coexistence. The game uses an input / 
output paradigm to model the circularity of resources between a community, 
encouraging the player to think creatively of how to minimize the production 
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of waste and the consequences of different players in an economy. The 
simulation needs to be maintained in a state of equilibrium, otherwise the 
creations will deteriorate and decay, generating a design space that is 
constantly making the player aware of the actions and decisions he or she 
takes.
A reflection on how virtual communities can enhance the connection 
between physical spaces is presented in the paper “Towards Social 
Connection: Interplay of Virtual and Physical Urban Space” (Venessa 
Williams). Through the case study of Abuja, the new capital city of Nigeria, it 
explores the contribution that virtual spaces can give to overcome physical 
and social isolation.

DISCUSSING THE RESPONSIVE CITY

This section focus on the development of new models for the enhancing 
cities responsiveness. 
Wendy W Fok, in the paper “The Internet of Things: Making Cities – And 
the Way They Use Technology – Smarter” highlights that Open Innovation 
can promote sustainability on big scale: if on one side intellectual property 
often stimulates creativity, at the same time it can hold back innovation. The 
paper reflects on the contribution that open data and projects can give to 
the development of future cities.
The paper “Planning in a hyper-dynamic context” (Christina Matika) aims to 
stimulate research, theory and modeling, to comprehend the mechanics of 
speed in and across urban ecosystems and to develop tools for planners to 
act strategically. The examples of Bilbao and Eindhoven are presented.
Shima Roshanzamir, Morteza Farhadian Dehkordi in the paper “An agent 
based model for land use distribution with a focus on designer direct and 
indirect control over the system” describe the development of a parametric 
tool, based on Agent Based Model (ABM), where Interaction is a key 
aspect, for designing and managing land use distribution. 
Also on the development of a parametric tool for planning, 
the“Parametrization platform of collective life” (Evangelia Mori, Christina 
Kalampouka) describes an experimental proposal for a digital platform for 
collective life planning, considering uses and construction materials.

In the last part of this volume projects of responsive cities are presented. 
They offers examples of practical application of topics discussed in the 
papers, as for example data visualization, microclimate regulation, city 
perception, real time city management, and sustainable construction.
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Abstract

Smart Cities are predicated on traditional models of our cities. The technologies 
deployed to make cities smarter focus on enhancing performance and reach-
ing resource usage targets, metrics developed using nineteenth century urban 
theories. By engaging with complex systems theory, there is an opportunity to 
re-theorise urban behaviours and hence conceptualise smart cities in a different 
way – as cities that support their evolution and to enable innovation. 

1. Introduction

In 1776 Adam Smith (1910) described society as held together by an invisible 
hand. This is an early description of large scale systems that organized them-
selves bottom up (Batty and Marshall 2009). Although bottom up organisation 
was recognised in economics, sociology, biology and science in the nineteenth 
century, the design of cities was increasingly reliant on centralised order and re-
ductionist practices such as separation (zoning) and subdivision of the city into 
discrete to control cities top-down as static structures. Urban planning practice 
continues to represent cities as predictable entities in which, given sufficient 
data and information, future behaviour can be predicted.  

In recent years ‘Smart Cities’ has emerged as a concept, avidly adopted by 
city management, in which technology plays a major role. By deploying ICT 
capabilities such as sensors to monitor the use of urban resource as space, water, 
power, or to control traffic movement, we anticipate we can run our cities more 
efficiently, saving resources, allowing for better traffic flows to reduce conges-
tion, improve economies and perhaps anticipate problems. The limitations of 
this technocratic approach have been extensively documented (e.g. Hollands 
2008; Goodspeed 2014; Shelton 2014; Robinson 2016).

Although we can achieve all these outcomes using the capabilities of ICT and 
data, we continue to operate in the positivist-planning framework; instead of 
changing how we understand cities and support their development, we use the 

SMART VILLAGES MAKE SMART CITIES:  
A COMPLEX ADAPTIVE SYSTEMS FOUNDATION FOR 
INNOVATION
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new capabilities to reinforce past practices. Zizek (2012) describes this as Ptole-
misation in contrast to the Copernican revolution.  

When a certain discipline is in crisis, attempts are made to change or 
supplement its theses within its basic framework – a procedure one might 
call “Ptolemisation”  (after data poured in which clashed with Ptolemy’s 
Earth-centred astronomy, his supporters introduced additional complica-
tions to account for the new data; then, the true “Copernican” revolution 
takes place, which, instead of just adding additional complications and 
modifying minor premises, changes the basic framework itself. So when 
we are dealing with a self-professed “scientific revolution”, the question 
to ask is always whether it is truly Copernican revolution, or merely a 
Ptolemisation of the old paradigm.  

Smart Cities focus on improving outcomes of an inappropriate model. As an al-
ternative, we could approach processes and components of the cities’ structure, 
their infrastructure, architecture, landscape, planning, eco-systems, social net-
works, etc., as agents in Complex Adaptive Systems (CAS) “acting in paral-
lel, constantly acting and reacting to what the other agents are doing (Holland 
1995). We refer readers to Karakiewicz (2016) for a fuller discussion of CAS and 
urban design. 

2. Novelty in Nature and Urban Design

One of the biggest problems with Smart Cities is the way we use data in order to 
take control of things that are not working properly in the first place. There are 
reasons for traffic congestion in our cities, and even if we can solve the prob-
lem by building more roads, or control traffic lights based on demand, the same 
problem will reemerge since we have not eliminated the real cause. However, 
with all the big and small data at our disposal we can now not only search for 
the real causes of the problems through inverse engineering but also try to in-
troduce novelty, hoping that this novelty can disturb the existing status quo, and 
create new urban futures.

When we look at what has been happening within our cities we can be observe 
that we have not introduced novelty in our approaches in a century. Since the 
considerable innovative thinking applied to cities in the 100 years leading to 
1950, which saw the introduction of suburbs, garden cities, and towers in the 
park, little novel has emerged. Since that time, which brought dramatic changes, 
we have been repeating the same models and therefore the same mistakes. We 
still model cities essentially on Le Corbusier’s or Ebenezer Howard’s models, in 
both cases forgetting what was the real cause for the creation of these innovative 
ideas in the last century, and using ICT to slightly improve performance of these 
models as they are replicated in vastly different cultures. We have increasing 
computer power, we have abundant data, and we have conspicuous innovation 
leading to discoveries in other disciplines. Can urban design and planning as-
sume the same levels of innovation?

Allen and Holling (2010) have identified that novelty and innovation are 
necessary for a system to remain dynamic and functioning. Without novelty 
or innovation the system may become over-connected and unable to change 
(Gunderson and Holling 2001). Emergence of novelty through introduction 
of disturbance allows a system to create a variety of options, which is essen-
tial for the system to maintain adaptive capacity. It also: 
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… serves as a reservoir of potential functions that may be re-
quired following transformations or as normal system dynamics 
evolve (Gunderson and Holling 2001).

Similarly, the philosopher Serres (1992) proposes that disturbance, or even 
turbulence, is a permanent state of any natural system and is essential, not 
only for the system to survive, but also for the system to enrich itself. The 
positive impact of disturbance or turbulence within cities has been well 
documented. McNeill (1982) and Braudel (1995) refer to it as autocatalytic 
processes: they describe how the autocatalytic character of European cities 
from the 11th to 19th century was expressed by commercial and industrial 
expansion yet notably this was not so evident in Asia. McNeill observes that 
a dominance of top-down power stops any self-organization or bottom up 
process from developing. In The Pursuit of Power McNeil (1982) writes of 
how autocatalytic processes may not be able to emerge in a society:

In China the command element in the mix remains securely dom-
inant. Market behaviour and private pursuit of wealth could only 
function within the limits defined by the political authorities. 

Autocatalytic behaviour can be explained as a positive feedback loop, in 
which small changes or small deviations are amplified and lead to heteroge-
neity, or difference, essential for system to survive. Such loops are usually 
designed into control systems where they use system output to inform and 
adjust system performance performance to deliver better output.

Feedback occurs when outputs of a system are routed back as inputs 
as part of chain of causes-and-effect that forms a circuit loop (Ford 
2010).

Feedback loops play an important role in cybernetics (Wiener 1948). A sim-
ple cybernetic system consists of three components, sensor, compactor and 
activator, in which the sensor provides feedback to the compactor and the 
compactor gives guidance to activator. The activator then provides an output 
as feedback that is effective in the management of the environment (Little-
john 2001). 

It is important to understand that there are two different types of feedback 
loops: positive and negative. These loops are defined differently in different 
disciplines, however. Here we can explain the negative feedback loop by re-
ferring to the example of the operation of a room thermostat. In this context, 
the thermostat will register the temperature, compare this with the desired 
level to which it was set and, if needed, it will signal a change in the supply 
of heating or cooling to achieve the set temperature. This stops the indoor 
environmental system from deviating too far from the desired level and in 
this way it promotes homogeneity. We can say this closed system is able to 
learn, in so far that it recognizes variations within set patterns, but it will 
never be able to evolve, adapt, change, or emerge into something new and 
different. For this to occur, learning and positive feedback loops are required. 
In biology these two feedback loops co-exist, where negative feedback loops 
tend to slow down processes and positive feedback loops accelerate them. 
We observe that cities also have this combination of feedback loops and their 
character is dependent on which feedback loop is dominant.
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3. Feedback Loops and Smart Cities

Imagine an ecology in which the predominant feedback loop is negative. The 
system will naturally work to prevent any deviations from an established status. 
The outcome is easily described: evolution will not be possible, stasis dominates 
and the system is isolated, potentially decaying, as change occurs around it. 
Why then do we design and run our cities in this way without harnessing pos-
itive feedback loops, thereby preventing adaptation and change? Why are our 
systems and processes resistant to change when we know the change is essential 
for our survival? 
We describe our cities as layers of networks under a digital information blanket 
(Ratti and Claudel 2016), no longer isolated from the larger environment. We 
are able to model what we call stocks and flows to describe this connectivity, 
which allows us to see how dependent cities are on resources imported from 
outside. As Manuel De Landa describes:

Cities have always been parasitic creatures, in short, surviving thanks 
to the inflow of food and human genes (De Landa 1999).

Stocks and flows models can allow us to visualise a city’s dependence on th e 
resource and model its urban metabolism with more precision. Unfortunately 
although a system dynamic model allows us to gain understanding of the behav-
ior of complex systems, it nevertheless only operates using elements (stocks and 
flows) which are predetermined: it does not allow us to model what is the most 
important element, the condition of its evolution (Barnett and Margetts 2015). 
Emergent spatial developments, self-organization and development of new and 
coherent structures, patterns, and properties cannot be modeled since new stocks 
and flows are not able to be generated (Goldstein, 1999).

Our ability to access big data and real-time data, and to analyse and model from 
them has had a profound impact on the way we understand our cities, underpin-
ning the concept of a Smart City. 

We now rely on sensors to monitor the functioning of our cities and there has 
been considerable investment to install the basic data infrastructure, such as 
the switches and routers for high speed Internet. With these we are able to en-
hance traffic management, monitor moisture, noise, water level, overcrowding 
problems, air quality, and measure parameters for forest fire prevention, river 
flooding, greenhouse gasses, to mention a few. The potential to monitor and to 
control is considerable and is considered synonymous with a Smart City.
By the metric of our quality of life it is clear that we have benefited significantly 
from the integration of multiple information and communication technologies 
(ICT). ICT helps us to improve the performance of urban services, reduce costs 
and resource consumption, and even improve contacts between citizens and 
government (NYC 2015). We now know exactly when the next bus, tram, or 
train will arrive, where the closest Uber car waiting to takes us home is, the 
level of pollution and when it is safe to come out of our houses. We are able to 
anticipate so many things that uncertainty is beginning to disappear from our 
daily experience.
 
With these tools we are developing new ways of describing and understanding 
the built environment, but the models are essentially based on an unchanged 
theory of our urban forms. We encounter the same problem when we try to 
obtain real-time data from sensors. If we filter and interpret data using a nine-
teenth century model of a city, we cannot change the way the city operates and 
only tweek its performance. Thus while all this technology can make our cities 
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smarter it is not sufficient to be smart enough to survive. The city still operates 
as a closed system (regardless of how complex they are) with negative feedback 
loops to manage and control our cities within a desirable range of values.
In this mode of operation, we prolong what Buzz Holling describes as the con-
servation stage (Gunderson and Holling 2001) in the model of Cycle of Adap-
tive Change (Fig 1) (Holling 1986). This dynamic cycle consists of four phases: 
growth, conservation, collapse/release and reorganization, where Growth is 
described as a period of rapid accumulation of resources (capital competition 
and sizing opportunities, combined with high but decreasing resilience. Conser-
vation is described as a time when growth is slowing down and resources are 
stored to be used for system maintenance; this period is characterized by stabil-
ity and certainty, which leads to reduced flexibility and lowers resilience. The 
phase of creative destruction, known as the Release phase is characterized by 
chaotic collapse of existing systems and the release of accumulated capital; in 
this phase, certainty is replaced with uncertainty and the resilience of the system 
increases. In the phase of Reorganization we experience extreme uncertainty, 
but at the same time, this phase is characterized by a very high level of creativi-
ty and innovation.

Figure 1. Cycle of Adaptive Change (source Holling 1986)

It can be readily recognized that cities aspire to enable and remain in two phases 
of this cycle: Growth and Conservation, and it is apparent that we neglect two 
phases: Release and Reorganization. The technologies and purposes of Smart 
Cities are geared to ensure stability and certainty by monitoring and controlling 
activity to ensure operations in a target state. In this way, city managers en-
sure that traffic runs as smoothly as possible, overcrowding is minimized and, 
where possible, temperatures remain in a narrow band. The feedback system is 
designed to ensure that no operational process fails and the system does not col-
lapse. The phase of Conservation is constantly artificially supported to ensure 
that stasis is maintained, a condition we have come to expect. Uncertainty is 
avoided at all costs while careful monitoring protects certainty. 

With CAS, we can explore scenarios rather than developing one specific out-
come (Karakiewicz 2016). We can conceptualise a system that will reconfigure, 
adapt and change rather than remaining fixed. Using the Cycle of Adaptive 
Change, we can observe when the system is trapped in the Conservation Phase 
and might benefit from a disturbance in order to enable progression to a Phase 
of Release or Creative Collapse (Fig.2). If the system under review is about to 
enter the Conservation Phase, we can consider which innovation or small dis-
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turbance can be introduced to allow it for a smooth transition from one phase 
to another. With this insight, should we allow a need for certainty to dominate 
processes that guide development of our cities? Might we insist on artificially 
supporting the phase of conservation or should we try to introduce some form 
of disturbance that would allow our cities not only to learn to recognize patterns 
but also learn how to view things differently. As Gell-Mann said: 

there may be a quite different set of patterns out there other than those 
which environment is providing me (Gell-Mann 1994).

Figure 2. Artificial support of Phase of Conservation (Karakiewicz 2016)

According to Gell-Mann, innovation begins with getting rid of anachronistic 
prohibitions, for example, a regulation that was adopted in earlier times in sup-
port of a useful idea of that moment might now hinder progress. By removing 
the prohibition we permit new freedoms and this, in turn, reframes our current 
context to enable fresh opportunities. We can observe these adjustments in mar-
kets today – the many discussions globally about allowing new forms of service 
access, such a Uber™ or Airbnb™, in which service levels are the criteria for 
choice rather than the license, and the disruptions that follow which rearrange 
market systems. 

In our developed economies, urban planning controls permit limited design 
self-replicative implementations. The introduction of a disturbance in our city 
planning and design approaches could do just that. The challenge is how to in-
troduce disturbance into the system without having catastrophic consequences 
thus a modeling approach is needed that will allow us to explore possible out-
comes. Examples of this work are presented in Karakiewicz (2016). 

4. Big Data and Smart Villages

If the ‘Smart City’ is limited by our characterization of it as not drawing suffi-
ciently from the ‘release’ and ‘reorganisation’ phases in the ‘cycle of adaptive 
change’ (Hollings 1986) thereby ensuring that it supports the status quo, we can 
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also observe a second limitation: one of scale. Is scale essential to a smart set-
tlement? At what size and density must a city be to be capable of being rendered 
‘smart’ through applied sensor technology and big data? It would seem that the 
principles of the smart city can also be applied to the smallest unit of human 
agglomeration – the village (Feuchtwang, 2002). By scaling smart from small 
to large in the framework of complex adaptive systems, the ‘imagination deficit’ 
of incremental planning is further exposed. Furthermore, cities have long been 
considered as an aggregation of villages (Abercrombie 1937). 

The ‘Smart Village’ is also an emerging alternative model for rural devel-
opment.  It implements new and effective methods to provide amenities and 
services to rural citizens that were formerly available only to urbanites.  Smart 
villages seek to employ inventive technologies and environmentally sustainable 
systems that replace less-efficient traditional practices.  This model is appear-
ing in various forms worldwide although the concept of the smart village has 
emerged only recently, defined here as:

‘[A] rural analog of the “smart city” concept, in which access to sus-
tainable energy, together with modern information and communication 
technologies, enables holistic development, including cultural changes 
in the provision of good education and health care; access to clean 
water, sanitation, and nutrition; and the growth of social and industrial 
enterprises to boost incomes.’ (Holmes et al 2015)

Individual projects are emerging globally ranging between specialised and com-
prehensive applications of smart technologies. Some projects, for example, have 
focused on addressing specific needs only: ‘climate-smart’ and ‘health-smart’ 
villages.  Other projects, such as Indian Prime Minister Narendra Modi’s ‘Smart 
Villages’ initiative (Shukla 2016), attempt a complete rural overhaul.  This 
includes developing healthcare, introducing broadband, and modernising agri-
cultural practices.  Thus in both a city and rural context, the emergence of smart 
villages appears ripe for further research concentration and innovation

In terms of re-theorising urban behaviours and hence reconceptualising smart 
cities, the smart village offers an additional realistic platform for investigation. 
Cities are burdened with greater inertia in embracing new technologies whereas 
in this regard the smart village becomes the agile village; the agile smart city 
can therefore be perceived as an aggregation of agile smart villages and their 
interactions. Our research is exploring the potential for the smart village to pro-
vide a more compelling model for the extraordinary and unexpected evolution 
that remote sensoring and big data ought to offer in bringing forward smarter 
urban futures, regardless of scale.

5. Conclusion

The concept of smart cities is predicated on accepting that the model of urban 
planning and design is appropriate and that problems that have emerged, such 
as congestion or inequitable access, can be best addressed by deploying data in 
discrete operational subsystems to gain efficiencies. As we note, this is a Ptole-
misation of the urban problem and that CAS offers a new perspective. With this 
approach, we can stop the focus on discrete parts and look at the larger systems. 
Our understanding of ‘Smart Cities’ can then be enha nced and the application 
of data applied to understanding our influence on these systems. Instead of us-
ing data to maintain the status quo, we can examine interventions that lead to 
unpredictable outcomes and surprises that introduce innovation and evolution, 
allowing us to learn more about existing practices and shift to a different urban 

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // DESIGN



24

paradigm. We propose too that this approach can be applied to ‘Smart Villages’ 
and that Smart Cities may be considered aggregations of such villages. 
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Abstract

Light remains the origin and sustenance of all forms of life on Earth—but 
human living is being transformed by ingenious applications of astrospatial 
technologies that were devised to fly to other planets. This century’s networked 
architectures of semiconductors, satellites, scanners and sensors manipulate 
diverse electromagnetic frequencies to convert light into unprecedented for-
mats and contents of data that are destined to inform most human behaviours 
in future. Telematics and informatics are taking our civilisation far beyond 
the milieu of modernism enabled by Edison’s 1879 demonstration of electric 
incandescence and the transmillennial ‘digital age’ underpinned by portable 
computers and mobile telephony. In today’s ‘electroluminescent era’ (Schiel-
ke and Jackson, 2015)—humanity’s third major period of lighting technology, 
catalysed by semiconductor-enabled RGB LED systems—we next expect a 
ubiquitous ‘internet of light’, pulsing data through buildings, cities, devices 
and apparel via the semiconductors which activate LEDs and solar cells (Haas, 
2011). Tomorrow’s ultra-fast, high-capacity and energy-efficient li-fi networks 
seem destined to transcend wi-fi and radio telephony as the massively parallel 
electronic infrastructure needed to underpin ‘the new space economy’ (OECD, 
2007) and the vast science vision named the Global Earth Observation System 
of Systems (GEOSS: GEO, 2005). Although neglected by the mainstream media 
so far, these are today’s most ambitious intergovernmental projects to reform 
the world’s economic and environmental management systems—and thus our 
societies and ways of life in future. Today’s ubiquitous earth observations (EO) 
movement updates Richard Buckminster Fuller’s concepts towards auto-pilot-
ing our planet’s complex operations like a ‘Spaceship Earth’ (Boulding, 1965; 
Ward, 1966; Fuller, 1968). Exploiting all flickering frequencies of the electro-
magnetic spectrum, this satellite-enabled paradigm challenges (by vastly ex-
panding) architecture’s classical ethos to build static, permanent monuments. It 
invokes a new scenario of responsive interactions between people and environ-
ments in relentless flux. 

ASTROSPATIAL ARCHITECTURE AND DATA CITIES

AN URBAN ETHOS FROM ELECTROMAGNETIC FLUXES
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1. Introducing Astrospatial Architecture

Astrospatial (developed for space exploration) and geomatics (terrestrial mon-
itoring) technologies are enabling this millennium’s space sciences scheme to 
understand and solve the complex challenges of managing our planet. Launched 
in 2005, the same year as Google Earth, the Global Earth Observation System 
of Systems (GEOSS) program is supported by around two hundred nations and 
global science, United Nations and environmental organisations. Managed by 
the Group on Earth Observations (GEO), a Geneva secretariat led by Amer-
ican geographer Barbara Ryan, the GEOSS has a second decade of funding 
to 2025—and now includes sustainable urban development as one of eight 
‘societal benefit areas’ (Group on Earth Observations, 2007, 2015). This cities 
theme seems to offer today’s highest and broadest (multi-disciplinary) policy 
umbrella to help accelerate evidence-informed development decisions—yet it 
will challenge (by vastly expanding) architecture’s Vitruvian ethos to build stat-
ic, visually impressive and ideally permanent, structures. Via GEO’s mediation 
of satellite communications operators, the GEOSS project invokes a scenario 
of responsive interactions between tele-networked people and environments in 
relentless flux.

While the mainstream media still overlooks the GEOSS to focus on political 
skirmishes around the annual conferences of the UN Framework Convention on 
Climate Change (UNFCCC), and the five-year reports of the Intergovernmental 
Panel on Climate Change (IPCC), GEO’s member institutions, with corporate 
partners, are fostering architectures of ‘massive parallelism’ (Gore, 1992, p. 
358) to support increasingly open access to torrents of geotagged Earth obser-
vations (EO) data collected by public sector agencies around the world. Pulsing 
networks of semiconductors, satellites, sensors and scanners are exchanging 
diverse frequencies of electromagnetic energy (visible and invisible waves of 
light) to constantly monitor our planet’s dynamic, interconnected behaviours. 
These systems, often adapted from the mission-critical instruments devised to 
auto-pilot rockets and aeroplanes, are delivering both the Spaceship Earth vision 
that Richard Buckminster Fuller popularized in the late 1960s (Boulding, 1965, 
1966; Ward, 1966; Fuller, 1968, 1969) and Al Gore’s concept for a Digital Earth 
global climate model (Gore, 1992, pp. 357–58; Goodchild et al, 2012; Craglia et 
al, 2012).  

Fuller’s 1928 manifesto, 4D Time Lock, included his ink sketch of a vague idea 
(pre-Alan Turing) for an ‘Air-Ocean World Town Plan’ (Fuller, 1927) which 
he refined in later publications and projects, including a 1963 idea for a ‘Mini-
Earth’ spherical model of 200 ft (61m) diameter, to be assembled from metal 
rods dotted with ten million computer-controlled light bulbs. In a lecture to the 
American Institute of Architects, he proposed that:

Information could be ‘remembered’ by the computer, regarding all the 
geographical features of the Earth ... under a great variety of weather 
conditions. ... If we use the thirty-five millimeter contact prints of the 
photographs taken by the aerial surveyors ... Man on earth ... would 
be able to see the whole Earth and at true scale in respect to the works 
and habitat of man. He could pick out his own home. Thus Mini-Earth 
becomes a potent symbol of man visible in the universe (Fuller, 1970).
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Figure 1. A 1968 reprinting of Fuller’s 1927 Air-Ocean World Town Plan, a 
pre-computer Earth simulations idea (Estate of R. Buckminster Fuller).

Fuller’s pioneering Earth simulation visions could not go beyond the technol-
ogies then being sold by Edison’s General Electric (GE) and Europe’s Philips 
corporations, but they aligned with the first demonstration of a viable light-emit-
ting diode (a red LED) by GE scientist, Nick Holonyak Jr in 1962, and the 
post-World War II (atomic and space age) rejuvenation of humanity’s primal 
desire to understand how life on Earth is influenced by solar and lunar light 
and diverse celestial behaviours. Other milestones of that vision include Kees 
Boeke’s 1957 book Cosmic View: The Universe in 40 Jumps, which inspired 
Charles and Ray Eames’ 1968 and 1977 Powers of Ten films. These pre-empted 
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NASA’s late 1980s–1990s Mission to Planet Earth program, Gore’s 1992 idea 
of a satellite data-informed Digital Earth, and the first online, virtual globes of 
digitally stitched satellite photographs: NASA’s World Wind, launched in 2004, 
and Google Earth, 2005. 

Online virtual globes exploded the 2D static representation systems that his-
torically underpinned cartography, geography, surveying and environmental 
planning, while online building models (BIMs) usurped architecture’s ink-
penned plans, sections and elevations—via the 1980s and 1990s CAD-CAM 
(offline) screen drafting tools and post-2001 Smartgeometry parametric model-
ling movement. Architectural perspective renderings now are created routinely 
with graphics and video tools that were devised to simulate fantasy worlds 
for films and games. There is a large vacuum—and thus many major oppor-
tunities—to exploit accelerating (and converging) advances with procedural 
modelling, virtual reality, augmented reality, electromagnetic imaging, machine 
learning, robotics and remote sensing to evolve a new ‘astrospatial architecture’ 
movement. This is a context for habitat designers and environmental scientists 
who are manipulating different types of light waves into unprecedented formats 
and contents of data; which must be usefully understood and applied to social 
needs. As proposed by MVRDV in their late 1990s experiments with datatec-
ture (MVRDV, 1999), designing future cities demands sophisticated statistical 
research and analysis: a methodology still far from being clarified by the institu-
tions debating urban planning.

Telematics and informatics are taking us far beyond not only MVRDV’s pre-
scient studies but the whole milieu of modernism enabled by Edison’s 1879 
demonstration of electric incandescence and the ‘digital age’ underpinned by 
portable computers and mobile telephony. Architecture already is revising many 
of its key concepts in response to the ‘electroluminescent era’ (Schielke and 
Jackson, 2015). Following electricity’s transcendence of natural sun and moon-
light and flame-burning fuels as light sources, humanity’s third major period of 
lighting technology has been catalysed since 2000 by semiconductor-enabled 
RGB LED systems. Solid-state, colour-changing light cells have fostered the 
most significant global, new, arts movement of the early twenty-first century. 
Smart light artists with hybrid creative, computation and electronics skills are 
dramatically elevating the dreams of pioneer lumino-kinetic and cinema artists, 
and transforming the after-dark aesthetics and atmospheres of cities. We next 
expect a ubiquitous ‘internet of light’, pulsing data through buildings, cities, 
devices and apparel via the semiconductors which activate LEDs and solar cells 
(Haas, 2011). Tomorrow’s ultra-fast, high-capacity and energy-efficient li-fi 
networks seem destined to transcend wi-fi and radio telephony as the massive-
ly parallel electronic infrastructure needed to support not only the internet of 
things (IoT) but the ‘new space economy’ that has been identified by the Organ-
isation for Economic Co-operation and Development (OECD, 2007). 

2. Background

Architecture switched tone around the turn of the third millennium—and here 
are some critical moments. In May 2000, Aaron Betsky launched an incendi-
ary critique of late-twentieth century architectural culture, titled Architecture 
Must Burn (Betsky and Adigard, 2000). Inspired by Coop Himmelb(l)au’s 
Architecture Must Blaze polemic and ‘blazing wing’ performance two decades 
earlier (Coop Himmelb(l)au, 1980), Betsky’s “manifesto for an architecture 
beyond building” pre-empted by just eighteen months an awesome collapse of 
American modernist (capitalist) architectural iconography, with the explosions 
of New York’s Trade Center towers in September 2001. Eight months later, 

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // DESIGN



30

in May 2002, New York architects Diller + Scofidio + Renfro revealed a pre-
scient anti-icon: the Blur pavilion, with a cloud of steam hovering low across 
Lake Neuchâtel during the 2002 Swiss National Expo. ‘The Blur Building is 
an architecture of atmosphere,’ said the architects, who shrouded their tem-
porary, tensegrity structure with a thick fog sprayed from thirty-five thousand 
computer-controlled water jets (Diller + Scofidio + Renfro, 2002). This was the 
world’s first symbol of a twenty-first century impulse to evaporate architecture’s 
historical focus on fixed structures: a key idea for the astrospatial architecture 
movement.

Figure 2. Diller + Scofidio + Renfro’s Blur pavilion at the Swiss National 
Expo, 2002 (DSR).

Those millennial statements projected different political symbolism with their 
energy dynamics: from smoke-belching flames destroying tall metal structures 
to broad, networked sprays of clean alpine moisture. But they all mimicked 
nature in representing trans-millennial cultural and economic transitions—from 
carbon-emitting fossil fuels to renewable solar ‘clean’ power for the cloud era. 
All three acts shared one common message: architects must contribute more to 
humanity than static, permanent monuments. 

3. Key Advances

Post-monumental concepts seemed to infuse the 2016 Smartgeometry confer-
ence in Sweden, which expanded its original roster of Bentley and CATIA/
Digital Project form-modelling experts to include workshops involving swarms 
of nano-robots, a speaker from NASA’s Skunk Works to espouse future human 
settlements on Mars (3D-printed from regolith: Martian soil) and guests from 
non-sculptural disciplines such as robotics, optics and telepresence. Meanwhile, 
1960-1970s alumni of Harvard Graduate School of Design’s landscape, geog-
raphy and planning programs have launched the Geodesign (GD) movement, 
led by Jack Dangermond, the founder-owner of Esri. At the annual Geodesign 
conferences, leading users demonstrate applications of the CityEngine software 
for rapid procedural modelling of urban volumes, which Esri acquired from its 
inventors at the ETH-Z Future Cities Lab. Esri also has acquired the Enterprise 
version of Google Earth (tailored to public sector user groups). It is absorbing 
these tools into its ArcGIS suite, aiming to confirm its dominance of online 
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urban planning methods. Also significant is the Advanced Architecture move-
ment launched from Barcelona with the globally influential Metapolis dictio-
nary (Gausa, Guallart et al, 2001 in Spanish, 2003 in English) and increasingly 
expanding via the Institute for Advanced Architecture in Catalonia (IAAC), 
which opened in 2006. In just over a decade, the IAAC seems to have become 
the world’s most far-sighted and internationally influential independent school 
for architecture postgraduates.

The Smartgeometry, Geodesign and Advanced Architecture networks offer dif-
ferent perspectives and skill platforms to the astrospatial movement that seems 
likely to evolve with the sustainable urban development theme of the GEOSS. 
This agenda is intended to support the United Nations’ sustainable development 
goals (SDGs) and the sustainable urban development mission shared by cit-
ies-relevant UN agencies and programs. UN-Habitat’s geospatial scientists have 
been working with European counterparts to support a massive Earth observa-
tions project called the Global Human Settlement Layer (GHSL). Envisaged 
as a key contribution to the Digital Earth vision and led by architecture-trained 
data scientist Martino Pesaresi with a team at the European Commission’s Joint 
Research Centre in Ispra, Italy, the GHSL is a regularly updated satellite map 
of the world’s stocks of structures: the first use of global multispectral scanner 
data from a 1975–2014 time series of Landsat data (Pesaresi et al, 2016). Al-
ready the GHSL team has discovered new megacities in China and large slums 
elsewhere that the UN had not yet listed as urban areas. This is one example of 
new knowledge triggered by electromagnetic observations of the Earth from 
satellites: producing imagery that can arouse in we terrestrial mortals the same 
expansion of awareness that astronauts and cosmonauts describe as ‘the over-
view effect’ (White, 1987). 

The GHSL research underpins a new Human Planet Atlas that UN-Habitat is 
launching at Habitat III, its latest major (every twenty years) Conference on 
Housing and Sustainable Urban Development, in Quito, Equador, in October 
2016. A point of interest to architects is that these satellite data images dra-
matically reveal how much of the world’s land areas remain unbuilt or scantily 
developed.

Figure 3. Mapping settlements from fine-scale Landsat imagery, with automated classifi-
cation of building volumes, by the European Commission’s Global 

Evolving with the Advanced Architecture revolution (thought-led by IAAC’s 
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leaders), Barcelona also is a world-leading centre for Smart Cities innova-
tions. This movement was catalysed by the 1970s-1990s writings of MIT 
architect-professors William J Mitchell and Nicholas Negroponte, and in 2003 
Mitchell founded MIT’s Smart Cities program, aligned with the Media Lab. 
However, the Smart Cities vision was seized as a selling tool by global tele-
communications systems suppliers and engineering consultancies seeking large 
government contracts. Examples include the alliance of Cisco and Arup (bro-
kered via architecture academics in Australia in 2007), IBM’s 2009 inclusion of 
Smarter Cities as a subset of its Smarter Planet campaign launched in London 
in 2008, the world’s first ‘smart light cities’ festivals, sponsored by Philips and 
government events agencies, in Sydney in 2009 and Singapore in 2010 and 
2012, and Barcelona’s Smart Cities Expos held annually since 2011 (these festi-
vals and expos are still being emulated elsewhere). 

IAAC’s agenda in hosting this Responsive Cities symposium, with its partners 
in Europe’s new Knowledge Alliance for Advanced Urbanism (KA-AU), is to 
transcend the dominance of IT companies in controlling the Smart Cities move-
ment for profit motives that do not necessarily deliver direct benefits to citizens, 
and to accelerate transitions from the information age to a new ‘experience age 
that might be characterised by high levels of physical interaction and emotional 
involvement’ (IAAC/KA-AU, 2016).

Games, played with mobile devices, seem to offer the most exciting potentials 
for a new era of enjoyable, and hopefully often useful, citizen engagements. 
Relevant precedents include Will Wright’s SimCity (1989), Winy Maas et al’s 
Spacefighter: The Evolutionary City (Game) project (MVRDV et al, 2007), 
Carlo Ratti et al’s Copenhagen Wheel (MIT SENSEable Cities Lab, 2009), 
Ocubo’s Wall Pinball games controlled via conventional consoles but with the 
playing boards projection-mapped onto monuments (2011). Software concepts 
from the gaming, entertainment and defence sectors now are being adapted as 
‘serious’ games and mobile apps for improving health, education and produc-
tivity. One crucial ‘augmented architecture’ example was the 2011 DoppelLab 
project, where MIT’s Responsive Environments group, led by Joe Paradiso, 
video-modelled, on the Unity game engine, multimodal data from sensors 
around the Media Lab interiors, recording acoustic, humidity, light, temperature 
and human walking dynamics. Another notable advance of humane technologies 
is the emerging species of ‘care robots’ designed to support patients in aged care 
homes. For example the Robear, developed (but recently discontinued) by Ja-
pan’s RIKEN-SRK Collaboration Center for Human-Interactive Robot Research 
in Nagoya, used sensors to gently lift or guide patients from a bed to a sofa. 
This year’s crucial milestone of AR in architectural modelling was Greg Lynn 
FORM’s use of Microsoft HoloLens mobile headsets to virtually test Lynn’s 
geometrically complex designs for structural renovations to the long-vacant 
Packard Plant car factory in Detroit. Wearing a pre-launch headset with soft-
ware enabled by Trimble locational technology, he finger-commanded 3D-real-
istic holograms to lock virtual content to the physical building model that was 
3D-printed to scale from a digital model (BIM). Shown in ‘The Architectural 
Imagination’ exhibition at the United States pavilion at the 2016 Venice Archi-
tecture Biennale, this project will propel architecture’s next era of integrating 
presence with physicality.
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Figure 4. Still image from the DoppelLab video model of sensor data recording invisible 
atmospherics and human movements around the MIT Media Lab (MIT )

4. Conclusions

Architecture is destined to reform (again) its science and technology tools and 
cultural ethos to align with advances and agendas from the Earth observations 
and environmental simulations movement. A major task for computer architects 
and building engineers is to find ways to integrate and operate building models 
(BIMs) within broader-scale 3D visualisations of both natural and urban envi-
ronments—including sensor data-informed depictions of invisible atmospheric 
conditions and dynamic movements such as human and vehicle traffic. These 
challenges can be tackled via the science of quantum physics, technologies from 
the space industry and techniques of manipulating light waves to reveal stream-
ing information about behaviours on Earth. Perhaps ‘astrospatial architecture’ 
is an appropriate term to highlight and accelerate this emerging scenario—cer-
tainly it offers scope for more visionary and exciting concepts than were evident 
with the retrospective and ‘back to basics’ survey exhibitions that were curated 
by directors of the last two Venice Architecture Biennales. More detailed expla-
nations of diverse activities supporting the GEOSS vision were published in its 
first comprehensive ‘snapshot report and manifesto’, D_City: Digital Earth | 
Virtual Nations | Data Cities (Jackson and Simpson, 2013). 
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Abstract 

The Research pursued in this project is an experimentation within the Interna-
tional Competition for architectural proposes held by Ac-Ca, concerning Ber-
lin’s new Gourmet Street Food Festival. The aim of the contest was the design of 
a temporary culinary event in Berlin’s heart: Alexanderplatz, characterized by a 
strong connotation of Innovation and Research. Considering the focus to design 
a futuristic project in a light context, we decided to experiment with possible 
applications and developments in the architectural field of the mathematics the-
ory of the Swarm Intelligence (S.I). Starting from an ideal project for Alexander 
Plats, we have created a tool to simulate pedestrian crossing in an urban area, 
useful to architectonic process.  This tool is meant to be a Grasshopper 3D 
plug-in (still in a beta phase), extending the work of Jan Pernecky’s tool “the 
Boid Library”. Finally, the result achieved consists of a three-step form finding 
process at both the urbanistic and the architectural level.

Introduction

In order to fully understand the project, it is necessary to introduce some con-
cepts, discussed in this research, such as Swarm Intelligence (S.I.). The S.I. is 
the collective behaviour of decentralized, natural or artificial, self-organized 
systems. In particular, the system, or the so-called Swarm, consists of a popula-
tion of simple Agents or boids (a point and a vector), interacting in a loop local-
ly with one another and with their environment. The agents follow few simple 
rules and this can generate a smart behaviour, without any central control, un-
known to the individual but visible as a whole. 

In our work, the Swarm Intelligence is studied to simulate human behaviour and 
to generate morphologic studies in the parametric architecture’s field. It starts 
from the definition of urban Piazza, characterized by accesses and constraints, 
in which the simulation of the human swarm will take place. Secondly, after a 

THE HUMAN SWARM
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preliminary study, we introduce a system of reference that will define the shape 
and the structure of the future masterplan.

The outcome of the project is a nine stands culinary fair. These stands differ in 
dimension and shape for the preparing and the sale of cooked food. 
In order to help the designing process, the research aims to implement the field 
of applications of Grasshopper’s Boid Library, based on the needs of study and 
elaboration of the conduct in question. 
In particular, new functions are introduced: Getaway, Emitter, Forbid and Seek. 

1. Building the tools

1.1  Getaway
Considering the aim to simulate pedestrian crossing and evaluating this crossing 
as a simple movement from point A (access) to a point B (exit), it was necessary 
to embody the agents with a necessity of walking out the system.
Mathematically speaking this idea was pursued through a vector field.
The vector field allows us to define different vectors for a determined space, 
thanks to the proximity to specified charges. Therefore, loading the accesses of 
the urban area with positive power, the result within the loop will be a vector as 
strong as closer the agent will be to the exits. 
It is worth mentioning that in a space unknown we are inclined to be distracted, 

as long as we are far from our aim, namely the exit. 

Fig. 1

1.2  Emitter

The emitter is a tool to create agents starting from a single point according to a 
temporal pattern. Specifically, it is perfect to simulate controlled crossways, as 
doors, or other behaviours concerning the duplication of agents for architectonic 
intentions.
It is important to notice the possibility to choose a maximum total number of 

new agents as well as the quantity of new agents for each iteration. 
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Fig. 2

1.3  Seek

The stimulation of the agents to visit specified points of interest has been a fun-
damental issue. In reality this attitude should be considered simply as curiosity, 
namely a force that conducts the swarm to seek and reach targets, each time 
recalculated according to a proximity concept. 
In the second phase, this tool is essential for the process to trace the system of 
paths that will assist the agent to visit at least one time each target before walk-
ing out of the field.

Fig. 3

1.4 Forbid

In order to simulate the crossing of an urban area we introduced a component 
that embody a sense of spatial interdiction. If we try to image an urban piazza, 
it will be correct to suggest the presences of areas in which the crossing is not 
allowed. We are talking about green areas or pods, not real physical obstacles 
but spaces in which the walking is interdicted, nonetheless still possible. 
The Forbid component is a control element interposed between the elaboration 
of the transformations and the transformation of the system itself. This posi-
tion allows us to interfere directly with the resultant vectors of the behavioral 
system, calculating a forecast movement that will guide the agent to change its 
route.
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Fig. 4

2. Defining the process 

2.1  P1 uncontrolled crossing

The Agents penetrate the urban space driven by the desire to exit. This is the 
first preparatory phase and serves as a model of study to establish with intelli-
gence what the best location will be for the future pavilion.
Trying to simulate human behavior and preserving its infinite facets is practical-
ly impossible and probably useless. This is why the whole process is discretized 
and reduced to the study of crowd behavior.
To simulate crowd behaviors we embodied the agents with four different behav-
ioral classes:

•	 Basic Behaviors: true engine of the process, they contain the randomic deci-
sion as well;

•	 Motor Mimicry: they reproduce the motion of another agent inside of a visu-
al field;

•	 Stigmergic Propensity: it modifies the behavior depending on the environ-
ment’s information;

•	 Escape Desire: it represents the will to exit the area and without it the exper-
iment would be useless.

As already mentioned, we have introduced certain areas within the field of 
action in which the crossing is forbidden. The behaviour of the swarm (consid-
ered as human swarm) gets particularly interesting in proximity of these zones. 
As you can see in A – Fig. 5, the agents continue to cross the areas despite being 
discouraged. This phenomenon is the result of the randomization brought by the 
component Wander that generated several “incorrect” vectors stronger than the 
positive advice of the Forbid component.

A chain reaction will take place after one single incorrect agent behaviour. The 
“rebel” behaviour becomes an example for the whole group making the crossed 
area less forbidden. Indeed, it may influence the group potential revolt with a 
stigmergic propensity that, if stronger than the Forbid component, will guide the 
group on the incorrect traced path.
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Fig. 5

2.2  P2 oriented flow

Achieving a behavioral model from the first step, the second step takes place.
We introduce inside of the system different points of interest for the swarm that 
will conduct the process to the design of the masterplan in a new structured 
system and consequently become the pavilions themselves.

These points of interest (or Target) represent a Curiosity, which influences the 
normal crossing (P1), channeling the swarm with a force that otherwise it would 
not have.
Therefore, the system departs from the previous results in order to get closer to 
the targets. The uncontrolled space becomes a structured map of path, first core 
of the Masterplan.
As we can see in B – Fig. 6, the path is different for each agent due to the Seek 
component that recalculate each target every time with a proximity approach. 
It is possible to assume that neighbouring agents will take the same decision, 
even if it is not an absolute rule, because it depends on the order and number of 
already visited targets and their location.
It is worth noting that depending on the right position of the targets, the result-
ing map of paths will tend to geometrically visible shapes, driving the agents of 
the swarm in single files.  
 
Indeed, this attitude of visiting the point of interests will extinguish once 
reached all the spots, as human curiosity. In that moment the exit desire will 
recur within the agent driving it to the closest exit.
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Fig. 6

2.3  P3 volumetric generation

Now that we have established the spatial thoroughfares, we stop worrying about 
the swarm and we focus on the volumetric definitions of the pavilions starting 
from the previous targets.
Everything concerning the free will is now extinct: the flows become simple 
points sliding along P2’s paths.

In the final step, thanks to the Emitter component and the S.I. logics, the targets 
will clone in minimum spatial units (Tetrahedrons) giving birth to volumes the 
bigger the higher  the number of visiting agents, in the examined period of time, 
will be. The volumes consist of a connection of tetrahedrons of whom we can 
control the dimensions, the specific length of the sides and the propensity that 
keeps them closer to each other.

        

Fig. 7
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3. The process applied to Alexanderplatz

The area chosen for the culinary event it is right behind Berlin’s Alexanderplatz, 
specifically the square beneath the Fernsehturm, between the tower and 
Spandauer Street.
In order to simulate the Piazza’s crowd crossing it has been necessary to 
establish the Appeal’s Chart concerning each single access based on a previous 
urbanistic study. This is required so that the flow and the city context stay 
connected. Indeed, the square is a focal point in the city welcoming a large 
amount of people. There a three main landmark in the square: St. Marienkirche, 
the Television Tower and the railway station. The amount of people arriving 
from the station has been distributed in four entrances: 1,7,6,5 (see Fig.8). 
Among them, entrance 5 represents the end of an important shopping street as 
well as the biggest entrance of the square. Moreover, being the touristic bus 
headline, entrance 4 is relatively important.
In the end, the process gives birth to nine different geometries, which will hosts 
the food stands. These geometries are consequently divided depending on two 
different shape approaches: the permeate units and the connection elements.

Fig. 8

4. Conclusions

Summarizing, this research brought us to the definition of a tool, which aims to 
help architect and urbanists in the study of urban areas characterized by a great 
passage of pedestrians. This could be useful to investigate preparatory analyses 
in the preliminary phases of a designing process as well as simulation of crowd 
flow in structured masterplan to examine the accuracy of designing forecasts. 
The application of the Swarm Intelligences is justified only in the field of crowd 
simulation for big project but it does not exclude future other applications.

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // DESIGN



43

Maurizio Carta
University of Palermo

Keywords: Antrhopocene, Opensource, Recyclical, Creative city, Incremental approach

1. Responsive Cities in the Good Anthropocene

In the last decades the most conformist urbanism – with few unheeded critics – 
was too busy pouring concrete, increasing greenhouse gases emissions and con-
suming natural and cultural resources to develop more sustainable, integrated 
and proactive urban strategies. But the times are changed, and the change is rad-
ical. A more sensible urban planning has to act in the age of deep metamorpho-
sis: of paradig ms, of horizons, of human settlements and of lifestyles. The Age 
of Anthropocene, as defined by Eugene F. Stoermer in Eighties and Crutzen in 
early XXI century, now takes an evolutionary leap of our planning approach and 
lifestyles to adapt quickly and easily human settlement and productive forms to 
the transition to the Age of Experience, characterized by ubiquitous interfaces 
among decarbonised economy, urban creativity and collective intelligence. The 
commitment to “navigate in good Anthropocene” (Rockström and Klum, 2015) 
call us to a new challenge: on the one hand reduce the ecological footprint of 
human activities on the planet, and secondly spreading globally the collective 
intelligence that derives from the ideas and human wisdom about environment 
and climate change in the new ‘integral ecology’ scenario. Today’s anti-ur-
ban tensions, more sensible urbanism debate and a renewed ethics of political 
responsibility focus on being more creative in the use of natural and cultural 
resources, smarter in economy, open in governance, intelligent in transport and 
resilient in living: self-sufficiency, circularity, sharing and recycle are the main 
keys. In the widespread knowledge society cities could be considered vibrant 
organisms of data and information, of sensors and actuators, of actions and reac-
tions, of urban/rural metabolism generated by people and environment both.

Ten thousand years ago the city was the best invention of the mankind, thought 
to be an “enabling device” for community’s evolution and innovation, not only a 
safe place or a symbolic one. During the millenary urban evolution the enhanc-
ing role of the city was constantly supported by technology, mechanical first, 
hydraulic and steam later, electric more recently, to the digital technology of the 

PLANNING THE AUGMENTED CITY
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present age. It’s the smart city revolution: starting as a disruptive and heretic 
innovation, it became an untouchable tabu (Townsend, 2013). The smart city 
has become a buzzword in urban planning and university departments, and a 
topic of breathless coverage in science and business magazines. Although today 
the vision exists more in the realm of promise than reality. Starting from first 
experiment promoted by technology enterprises, the vision of the smart city pro-
poses that technology can be harnessed by municipal administrators to achieve 
unprecedented levels of monitoring, efficiency, security, convenience and sus-
tainability. But it isn’t enough insert information technology in a traditional ur-
ban body to improve the intelligence of cities, and a closer look at several smart 
cities’ practices suggests that such a city will not, and cannot, serve and enhance 
the interests of the people who live in it. Adam Greenfield (2013) explores the 
ways in which the smart city rhetoric treats the city as an abstraction, misunder-
stands the processes that truly do generate real meaning and value.

The city has been the best place to live because allowing a community life that 
build fruitful relationships, generate fertile synapses, producing new economies 
and accelerating innovation. In his social history of innovation, Steven Johnson 
draws on seven centuries of scientific and technological progress – from Guten-
berg to GPS – to show what sorts of environments nurture ingenuity and cre-
ativity. He finds that great creative milieux, whether Warhol’s Factory, MIT and 
Los Alamos labs, or New York City today, Rome in Classical Age and Florence 
in Renaissance, or the web and the social networks, are like coral reefs, teem-
ing of diverse colonies of creators who interact with and influence one another. 
Cooperation in nature is just as important as competition. That is the secret of 
the coral reef: everything is recycled in a limited space on a matrix of calcium 
carbonate built up by the coral – the ultimate example of “bootstrapping”: a 
self-sustaining process able to proceed without external input. The key to both 
natural and technological evolution is bricolage: recycling spare parts, taking 
an object from one context and placing it in another. And the most creative en-
vironments are those that create a platform for innovation, allowing the greatest 
number of spare part add-ons, resources to recycle, raw material to remake. 
This is what – argues Johnson – unites the coral reef, the Italian city states and 
twitter: all are fertile environments that have enabled a myriad innovations. And 
the city is the best place where these myriad innovation could find necessary 
tangible/intangible resources, as long as it able to recover his propensity for 
creativity and collective intelligence. Cities as powerful creative habitats “are 
platforms to open doors to the adjacent possible” (Johnson, 2010) and each new 
urban innovation opening up new ideas to explore.

2. The Augmented City: paradigms and tools

In order to not less the powerful vision of contemporary cities as place enhanc-
ing collective intelligent of people we need a paradigm shift able to produce an 
intellectual toolkit for those of us who want to take the challenge in rethinking 
the sterile and unappealing vision. We need to lay a new groundwork for the far 
more fruitful alternatives to come, because the role of city as human enhance-
ment must be renewed and reinforced. Beyond the smart city I want to propose 
the Augmented City: a spatial/cultural/social/economic device for enhancing 
our contemporary life, individual and collective, informal and institutional. If 
we live and act in a reality permanently improved by hard and soft devices, our 
cities must be more responsive to our behavioural changes. We would be able to 
build a more efficient urban environment, able to sense and to act everyday and 
for everyone.
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Figure 1. The Augmented City Planning Circle represents the conceptual map 
of features, dimensions and tools for answering to four main metamorphosis of 
cities and landscapes (copyright M. Carta, 2016).

The current challenge in urban planning is focused to define places of encounter 
between the natural and the artificial, the best balance between urban and rural, 
agriculture and housing, production and consumption. But this is the old linear 
thought, it isn’t the next circular challenge. One way of breaking out this lin-
ear urban dichotomies is to generate places of transition, to create connections 
between different landscapes, to create an efficient interface between physical 
and cyber state and to reconnect several cycles. This will allow for the produc-
tion/management of resources to happen in the same place where raw material 
is, where production could be local, where energy consumption is near to the 
renewal resources production, where community behaviour could be informed 
and empowered.

To improve the tools – epistemological, procedural and operational – of the 
advanced urbanism, I have set up ten paradigms able to reset the urbanism for 
reimagining and planning the Augmented City – in spatial, social and econom-
ic sense – in face of the 21st century challenges: network society, knowledge 
society, climate change and urban metabolism (European Climate Foundation, 
2010). Each paradigm defines a feature necessary to act in a specific dimension 
and some component able to augment the innovative and creative power of the 
city as enabling platform, knowledge server and operating system for develop-
ment.
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First the Augmented City is sentient because it needs new values, skills and 
tools for renewing a knowledge-based and solving-oriented urbanism in a well-
timed collaborative scenario. It is opensource and based on crowdsourcing, be-
cause needs for a civic-tech-urban structural alliance in the Sharing Society we 
live, able to generate new public space: meeting places and housing, social in-
frastructure and places of co-work and then triggers a renewed community cov-
enant that reactivates the constituent factors of urban life. An Augmented City 
is intelligent – and not only smart – because it can generate an enabling ecosys-
tem based on the hardware of better urban spaces, on the software of the active 
citizenship, but overall on the operative system of innovative urban planning 
and design. One of the first experiments in a real ‘urban OS’ was developed by 
Smart Planning Lab of the University of Palermo (Carta, 2014b) as a protocol 
for advanced planning to provide decision-makers, planners, managers and citi-
zens of different multilevel urban instruments, able to rethink, redesign and live 
fully the smart city of the fifth generation, a smart city able to generate new so-
cial values and new economic value. Fourth it is productive because responsive 
cities need to frame the powerful makers movement within a new the creative/
productive urban ecosystem for improving the manufacturing renaissance in the 
cities, for reconstituting an essential economic base of the city, after years of 
euphoria for city as services. In according with several surveys (KPMG, 2016), 
the future good middle-class jobs will come from the re-emergence of artisans, 
or highly skilled people in each field. The next ten years will see a re-emergence 
of artisans as an economic force, but it’ll be a new form of craftsman: the urban 
artisan. Like their medieval predecessors in pre-industrial European cities, these 
next-generation artisans will play their trade outside the walls of big business, 
making a living with their craftsmanship and knowledge.  But the city will also 
be more and more creative through the integrated use of culture, communica-
tion and cooperation (3C of the creative city) as resources for an active city: it 
can generate a new form and a different growth based on identity, on quality 
and reputation. An augmented city is recyclical and asks for a paradigm shift 
for metamorphosis that not only re-duce, re-use, re-cycle their tangible and 
intangible resources, but design a new circular metabolism, by including a pro-
grammed recycling between the tangible and intangible components of the proj-
ect. Thus it is resilient, that means accepting the task for adaptive, circular and 
self-sufficient cities for winning the climate change challenge, producing and 
distributing effectively the ‘dividend resilience’ (Rodin, 2014): not only new 
bargaining chip in the economy of the transition to decarbonised development, 
but also an instrument of urban ecological equalization. The Augmented City 
is fluid because it asks to rethink porosity and fluidity as projective paradigms 
for waterfront regeneration and inner water management that derive by a new 
active relationship with water cycles. A more fluid city is able to charge its iden-
tity, producing new spatial configurations from renewing interface port-city not 
as place-threshold but as a producer of powerful urban identity. In the post-met-
ropolitan scenario, cities refuse the obsolete gravitational model for achieving 
a more impressive reticular framework for a new and more effective and aug-
mented hyper-metropolitan model, based on super-organism and archipelagos. 
Last but not least, an Augmented City is strategic, regarding the need of a 
multi-domain approach, a time-oriented action and an adaptive process in the 
age of global sustainability, less consumer and more producer, able to activate 
several cycle to reactivate districts, cities and lands. A new strategic approach, 
less financial and more cooperative, more metabolic and less occasional, asks 
for a new time-oriented urban regeneration. To meet these new challenges I 
have developed a protocol for urban regeneration, which I called Cityforming© 
(Carta, 2015), based on a system of incremental colonizing tactics, open source 
consolidations and development projects, preferring an approach by strategic 
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masterprogram rather than a rational-comprehensive masterplan.

3. The Cityforming© Protocol for re-cyclical cities

In the era of ecological, cultural and economic transition, an effective process 
for the regeneration of urban areas characterized by marginalization and decline, 
abandoned buildings and infrastructures, functional underuses or cycles in weak 
reactivation (mobility, water, waste) requires an hyper-strategic approach: an 
incremental, recursive and flexible approach, rather than a closed and simultane-
ous strategy. We have to replace the traditional Masterplan, that is instantaneous 
and almost unchanging in its implementation, with a temporalized and adaptive 
Masterprogram, able to compose a comprehensive vision by a gradually imple-
mentation, capable of timely and temporary action but that have the generative 
force for new futures. The territorial regeneration must itself create the good 
conditions to feed next steps of transformation, it should produce a part of the 
value on which to trigger the subsequent investment and it must generate the 
energy able to give life to new housing, productive, commercial and cultural 
functions.

The Cityforming© Protocol (Carta, 2015) is a planning and design strategy able 
to reactivate the metabolism of an area by subsequent stages and starting from 
its latent regenerative components, activating multiple and increasing intensity 
cycles to create a new sustainable urban ecosystem. The Cityforming© acts by 
incremental and adaptive steps in order to produce partial results that become 
the generative base of the next phase. It consists of 3 phases.

 
Figure 2. The three steps of Cityforming Protocol (colonization, consolidation 
and development) with principal characters of interventions and planning ap-
proaches (copyright M. Carta, 2016).
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1) In the first phase, the colonization, some functions are located to act as “oxy-
gen reserves” for the formation of new urban atmosphere. The colonies are like 
“urban stem cells” because, although grafted through action planning, they have 
not dissimilar features and functions from existing tissue. These urban stem 
cells work as new urbanity activators (ecological areas of naturalization, energy 
plug-in devices, low cost and smart blocks, living labs and micro - production 
districts for digital manufacturing, redevelopment of public spaces, etc ). The 
colonies are very high self-sufficient because of their ability to be energetically 
autonomous through the use of renewable sources, their ability to produce a 
sufficient economy to support the maintenance of costs, their ability to activate 
forms of partnership widespread for their management.

2) The consolidation phase acts on the new and in development ecosystem in-
serting some of most valuable and powerful features functions especially from 
the point of view of the generation of social and economical profits and values. 
These are financially supported by the increase of value and attractiveness of 
the area. Ecological and smart neighbourhoods, makers districts and energy 
communities, green manufactories and attractors of new urban archipelagos or 
infrastructural gateway act through a hyper-cycling process that activates sev-
eral cycles in order to achieve a sufficient supply of attractive and productive 
functions. The consolidation also acts through the reactivation of latent resourc-
es already present in the area and which have been stimulated and positively 
perturbed by the step of colonization.

Figure 3. Cityforming Southern Palermo: colonization and consolidation ac-
tions for hyper-cycling the southern waterfront of Palermo and for activating a 
new circular metabolism.

3) The development is a long term phase with a horizon at least of ten years, in 
which the new metabolism of the area is activated to generate the creation of 
new urban value. In this phase, as a result of the metamorphosis produced by 
the first two phases, an adaptive Masterplan can be drawn up. It will be based 
on the new identity of the place, the success of the previous stages will make it 
fertile: it is able to get investment with a high multiplier of greater strength and 
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to support the substantial investments required for the complete transformation 
of the area.

The Cityforming© Protocol is not only a new land design strategy or an inno-
vation in urban policies, but it acts as a powerful disruptor of territorial systems 
affected by metabolic arrest, energy reduction or development crisis. It does not 
insert external energy that could not keep long active a compromise metabo-
lism, but it takes care of the vital factors still present, urban and human both, it 
recreates latent ecological resources connecting them. It reactivates the resilient 
social networks to generate the indispensable basis of territorial and social capi-
tal on which it can take root the fruitful seed of the self-sustainable urban regen-
eration project.

4. Conclusions

Based on the previous ten actions and dimensions, an Augmented City must be 
a disruptive – and reconstructive – innovation in city planning, urban manage-
ment and everyday life. Of course not just a new definition, but it needs a para-
digm shift, finding numerous existing empirical evidence, traces of practices or 
real experiments. But above all is needs the continued testing of spatial, social, 
cultural and economic consequences of urban planning and design enabling the 
collective intelligence of its inhabitants. It needs to feed a new urban agenda 
and enter the more sensitive practices, it needs to move into the legislation and 
require a corpus of technical support. Therefore it requires to take the challenge 
of the augmented human habitat in the age of metamorphosis.

Cities were born and have resisted all alternative proposals - and the storms of 
post-urban - becoming the prevalent form of human settlement due to their abil-
ity to continually create a platform for innovation, allowing the greatest number 
of spare part, offering recyclable materials with which to build new relation-
ships, or semi-finished places on which to complete its process of metamorpho-
sis and of transition towards new human/urban horizons. We must recover the 
original meaning of urbanism as community covenant and project of the quality 
of spaces and well-being of people, its projective dimension and its collective 
values to augment the citizenship and belonging to places. And the urban regen-
eration is an extraordinary laboratory to experiment following this inspiration: 
creativity, experimentation, cross-collaboration and imagination became imper-
atives the world over.

The Augmented City poses radical questions. To be radical means getting to the 
bottom of things, refocusing attention on the constitutive mechanics of plan-
ning processes; it involves refusing a conformist approach involving the use of 
old paradigms and tools to tackle new problems. The transition from the fool’s 
Golden Age of urbanism to a true advanced one, more effective and responsive, 
raises question about territorial policies and projects, most of which are new. 
Our ethics in urbanism asks for an interpretation and action tenaciously focused 
on developing a new dataset to inform urban policies, and a new toolbox to plan 
them. 
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Programmatically, urban environments are constantly changing. The merging 
of informational technology (IT) and operational technology (OT) has enabled 
built environments to be multifunctional and intuitive based on particular re-
quirements for particular locations and times. This reality is made possible by 
the widespread deployment of autonomous, distributed intelligence systems 
within the built environment. These systems exist at the intersection between 
physical and digital infrastructures, facilitated by (a) the capacity for computers 
and integrated sensor systems to monitor both human activity and environmen-
tal conditions, (b) the availability of locally generated and managed electrical 
energy through innovative and self-sufficient technologies, and (c), the presence 
of a feedback loop which engages the users of the built environment by making 
them aware of their position within a larger context. Access to these intercon-
nected networks (internets), and their pairing with architectural form, have pro-
foundly impacted the contemporary human condition. 

1. Introduction

Increased specificity of products towards their site and context results from an 
ease of customization without increased cost of production, a trait characteristic 
of the 3rd industrial revolution. The experience age is  a post-customization era 
where things are not merely made, but are rather negotiated within a greater in-
ternet of things. Civilization is constituted by networks of social and infrastruc-
tural connections, both physical and digital. Its layered complexities require 
responsive and flexible architectures endowed with the capacity  for new means 
of transmitting and receiving both energy and information. The built environ-
ment has transitioned towards the integration of various operational technolo-
gies (embedded hardware, scientific equipment, and computer-numeric-control 
(CNC) machines, for example), and data management, in order to change or 
alter the programming of physical spaces in real time. This creates scenarios 
where we can observe the flows of information and energy more fluidly as 
they change from one state to another, from function to function through new 

JOINT FUNCTIONS: 
Deploying Distributed Generation
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architectural conduits. As a consequence, citizens of the experience age have 
transitioned from traditional consumers in a consumption-based economy to 
‘pro’sumers (Bergman, Noam, 2009) in an exchange-based ecology, wherein the 
energy from physical phenomena can be converted into other forms of energy 
and information to enhance the overall functionality of the network. This intro-
duces new reciprocity between the input actions of users, and the experience of 
physical space through the self-sufficient powering of embedded technologies.
   
2.1 Intelligent Objects

When Kevin Ashton coined the term ‘Internet of Things’ in 1999, he introduced 
the concept that disparate objects could be connected to a central database over 
a digital connection, providing the link from one physical location to another 
through devices. A decade and a half later, the interconnectivity between device 
and internet is commonplace. Today there are internets of energy, internets of 
social interaction, internets of everything. We rely on the immediate transfer of 
data for our everyday lives. Having entered the so-called ‘sensor era’ (Wang, 
Zhong L. 2013), it is no longer a requirement for continual updates from users 
because computer processors can generate their own intelligence through col-
lected data. This decentralization of information into local clusters, whether it 
be at home or in your hand, has in turn introduced new realities for decentral-
ized electrical energy generation.  
Since the advent of the computer, electrical engineering has demonstrated an 
exponential growth in its capacity to yield integrated circuits with improved 
performance, while decreasing their size; things are getting smaller and faster. 
Despite the fact that many experts believe this exponentiality will reach a limit, 
as of the turn of the 21st century, Moore’s Law still remains true. The law ob-
serves that, over the history of computing hardware, the number of transistors in 
a dense integrated circuit has doubled approximately every year (later revised to 
every two years) (Brock, David C.; Moore, Gordon E., 2006). The observation 
was made in 1965, and revised in 1975 to include the additional observed effect 
that the price of such integrated circuits would be cut in half at the same expo-
nential rate over time (Burrus, Daniel, 2015).
This trend facilitates the evolution of both operational and informational tech-
nologies, and creates overlap into architecture and product design. It also re-
flects the reality of future electronics being extremely small and well integrated. 
And while the full effects of the convergence of nano- and micro-technologies 
with architecture have yet to be realized, they are extensively studied for their 
use in self-powered informational and operational technology systems. 

  

Figure 1. Examples of distributed sensor nodes using kinetic energy inputs from wind 
and rain to inform  a change in LED intensity and colour using micro-controllers . Am-
bient Energy Machines (left, McKaye and Shambayati, IAAC, 2014), INFOstructures 
(right, McKaye and Shambayati, EASA Malta, 2015) 
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The factors which characteristically drive experiments (as well as investment) 
into renewable energy sources are the efficiency and the cost of energy. Howev-
er, industry leaders are beginning to ask questions about another factor related 
to the availability of energy. Efficiency is of course good, but it is critical to look 
at under which conditions of availability and for which application this efficien-
cy is being considered. (Wang, Zhong L. 2013),   Evidently, in the context of 
certain structural, environmental, and biological applications, the availability of 
the energy source becomes a more important factor than efficiency. 

As an example, the typical environmental sensor is intended to last approxi-
mately 12-15 years. Batteries for this sort of sensor node are intended to have 
a life of approximately 3 years. However, when the system you are operating 
is demanding a high-performance, (i.e. the registering of data on intervals in 
the range of 10 second to a minute, like in that of a carbon monoxide sensor or 
proximity sensor), the conditions change drastically. The system engineer is left 
with two options: either gather data once a day, and allow the sensor to last for 
3 years, or gather data at the rate at which it is actually needed, and have power 
for between 2-3 months (Fowler, Nicholas, 2011). This is where energy harvest-
ing is  finding its niche. It is finding a commercial value for implementation into 
architecture, because we can finally power all of these sensors that are being 
deployed.

2.2 Joint Functions

The challenge for architects is to establish the protocols by which physical and 
informational systems can work together, and in which ways they can help each 
other. By joining systems of distributed intelligence with systems of distribut-
ed energy generation, it is possible to reach more places than ever before, with 
fewer losses in electricity and information over time. There is embodied energy 
within material just as there is in structures, and it becomes observable through 
their stressing against some or another energy input, such as human-induced 
actions. The responsive city has the capacity not only to receive the load of 
these internal or external stresses through its physicality, but also manage the 
load of communication in the digital network through its embedded intelligence 
(Muller, Willy, 2005) This intelligence can be powered by taking  advantage of 
the ambient energy sources within structures and environments, as they are ex-
emplary in their locality and small scale.  

Conceptually, the planning for autonomous systems based on energy-exchange 
takes into account the frequencies of ambient sources available in the environ-
ment (inputs), which are then used to determine which mechanisms (genera-
tors), will be used in order to power computer processing (IT), and inevitably 
effect the conditions of a physical space (OT). These systems aim to harvest 
energy from pre-existing mechanical energy cycles, such as those in the move-
ment of nature and physical infrastructure, as well as from human-induced me-
chanical impacts.  The fluid forces such as wind, rain and traffic seen tradition-
ally as everyday stresses in the city, can be re-introduced as everyday inputs for 
this exchange.  The advantage of energy-exchanging materials is that they pro-
duce direct relationships between input energy and output energy through stress. 
(i.e. the more they are stressed, the more energy is produced). This effect is due 
to a variety of physical phenomena observed in the materials (piezoelectric, 
electrostatic, triboelectric, and electromagnetic forces, to name a few). While 
their efficiency is less than conventional sources, the potential utility of ener-
gy-exchanging technologies can be impacted by their location and particular 
context, and the amount of electrical energy can increase if the amount of input 
energy in another form (kinetic, for example) is also increased. For this reason, 
these systems have emerged as viable alternatives to centralized power, and as a 
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potential power source for the Internet of Things. 

At the human scale,  the use of body-mounted generators has shown to produce 
enough power to contribute to the operational requirements of body sensor net-
works (Yang, Guang-Zhong, 2008). In such an example, low frequency move-
ments, such as walking, in the range of 2-10Hz (input), are converted using mi-
cro-electrical-mechanical systems (generators), to communicate with computers 
(IT) that can control various biological equipments for patient care, such as 
distributed blood pressure monitors (OT) (Lo, Benny PL et. al., 2005) (Lai, Xia-
ochen, et al. 2013).  Similar connections have been made in wearable technolo-
gy, where electrical power requirements for the performance of certain tasks can 
be met by harnessing energy that would otherwise be dissipated in the flexing of 
tendons and joints of the human body (De Pasquale, Giorgio et. al., 2013).  This 
has been explored in uniform manufacturing for soldiers, fire-fighters, and oth-
er emergency responders, whose gear must house the intelligence required for 
communication, location services and environmental sensing (Andosca, Robert. 
2011). It is predicted that in the near future this will lead to the liberation of 
ground forces from the need to carry large battery packs.

At the urban scale, the idea is to make every day life (and consequently, the pro-
cess of designing), easier and more efficient. Smart cities are characterized by 
intelligent sensing, and the management of city information over The Wireless 
Sensor Network (WSN). One example is the use of kinetic energy harvesters on 
bridges to power regular ultrasonic sensing, contributing to long-term structural 
health monitoring (Dondi, D., et. al. 2010).  This type of system is useful for au-
tonomous monitoring because it employs in-situ micro-controlling. Essentially, 
the data is able to travel from the sensor to the computer through a direct local 
connection, rather than over long distances and back over broadband internet. 
The holistic approach to real-time data monitoring has led many companies to 
create entire families of products, connecting sensors, nodes and transmitters, so 
as to be a one-stop-shop for all the wireless sensor needs of a municipality. The 
architecturalizing of these products has become a new challenge for the design-
ers of smart cities and introduces both limitations and opportunities in terms of 
electricity.

At the building scale, high performance structures are monitored and controlled 
by processes which, in the experience age, are too mundane or time consum-
ing to be done by human action. This includes infrastructural functions such as 
mechanical system and structural health monitoring, as well as domestic func-
tions like temperature and humidity controls, automated ventilation, shading 
and lighting, and fire and safety monitors. Sensors are also used to monitor the 
façades and structural cores of high-rise buildings, responding to inputs such 
as wind pressure, GPS location, temperature and humidity, and active loads 
(Jie-Min Ding et al. 2013; Inaudi, Daniele. 1997.) These processes increase the 
resolution of architecture, and allow for the users and designers of buildings to 
understand conditions over greater lengths of time. Integration of such technol-
ogies has also  brought the prototyping of smart components for self-sufficiency 
and embedded intelligence closer to the mainstream of architectural practice.  
Making these processes autonomous and self-powered enables early warnings 
for structures, significantly reduces maintenance and operational costs of build-
ings, and promotes public health and safety. 

Projects that employ embedded sensing and information systems emphasize 
the designing of nodes in both spatial and structural contexts. In architectural 
terms, we can analogously relate the concept of a node to that of a joint. While 
nodes are instrumental in connecting information together, so do joints con-
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nect structures. This similarity is exemplified by the prototyping project Media 
House, produced in collaboration by Metápolis group in Barcelona, MIT The 
Center for Bits and Atoms, and the Fundaciò Politècnica de Catalunya, which 
demonstrated the hybridization of information and structure through innovative 
node design.  The project enforces that the home is a computer and its structure 
the network, both literally in the physical sense, and informationally through the 
node-to-node transfer of data. The logical next step for further resolution of the 
Media House is to relieve this intelligent joint of its dependency on centralized 
energy sources. The distribution of informational and structural performance 
could be triply joined with a generational capacity provided by energy-exchang-
ing technologies.

Figure 3. SIDWIS (Structural Infrastructural Data-Way Integrated System) was de-
veloped for the Media House, and combined the capacity for structural continuity and 
informational continuity within the same, hybridized joint system. This joint highlights 
how informational systems can take on a spatial dimension through the embedding of 
technology within architectural features. Furthermore, it demonstrates the multi-sca-
larity of hybrid systems, achieving large (macro) scale results of network and structural 
connections, with extremely detailed, small scale (micro) systems.  (Guallart, Vicente. 
2005) 
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3. Conclusions 

Structures are inherently susceptible to movement and interaction with the en-
vironment, and the strength of joinery is what determines their ability to rebuff 
and rebound. By affording joints a calculated receptiveness to movement for 
the purposes of discrete electrical energy generation, elements of the built en-
vironment can move beyond the limitations of traditional energy transmission. 
In addition to the automating of operational and informational technologies, 
self-powered distributed intelligence incentivizes human interaction with ar-
chitecture through the reciprocal relationship between input energy and output 
energy. 

The responsive city is a perpetual motion machine wherein the energy required 
to facilitate specific functional programs is generated from the exerted energy 
of another. This energy is converted and exchanged through a new form of flex-
ible and intelligent architecture that responds to the enviro- and bio-mechanical 
work exerted by its users and its context. Practices in local energy and local in-
telligence will continue to drive innovation in the experience age. The conscious 
integration of devices for distributed energy generation will liberate the tech-
nology of the future from the infrastructural limitations of the past, leading to 
technologically coherent architecture that can actually enhance our digital world 
through an increased sensitivity to the phenomena present in our physical one.
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Abstract

This paper describes the urban design platform Limes, which uses data interac-
tion and data manipulation as design techniques to build systems of responsive 
infrastructure. The platform is a current research that the authors, tutor and 
student, are developing at the Royal College of Art. In this paper we illustrate 
early stage simulations that intend to show the possibilities the platform can 
offer on the topic of responsive cities via engaged citizens. By employing voxels 
as information placeholders, we describe a series of simulation models that, 
on the base of Transport for London data, interact and create response. The 
platform addresses the necessity to include local information in global net-
works and proposes methodologies that combine them together in a flexible and 
adaptive territory of informational exchange, which, for us, is urban space. We, 
indeed, use the resilient aspect of each territory as core information the voxel 
uses to interact with its neighbourhood. Nonetheless the platform is drawn upon 
the aspects of human creativity and interaction with technology to envision de-
sign opportunities for the urban environment. How can space react, facilitate 
and respond to the flux of information between humans and the environment? 
Through simulations this paper intends to design responsive spaces, in which 
interactions constitute the network of responsive cities.

1. Introduction

Contemporary daily life is a twofold combination of events that take place be-
tween the digital and the physical domain. Technological advancements, and the 
human interaction with it, shape people’s time and space in the form of complex 
networks, which overlapping relationships constitute the connected age. To 
dwell our time equals to: “be connected”, “create value” and “create experi-
ence”. Interfaces support and facilitate such a system by intertwining the mate-
riality of the physical real with the engaging experience created by digital con-
tent. It then follows that space (physical and digital) becomes a 4D experience 

LIMES. 
A DESIGN PLATFORM FOR URBAN RESPON-
SIVE BEHAVIOR
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of information; physical infrastructure (objects) wires digital information to 
reveal, unpack and perform human experience. Objects are informational gate-
ways, which tag and link their aspect and/or functionality to digital information, 
humans produces value through the interaction with information. Nonetheless 
people’s interests are the trigger that enables any transition of data; human cre-
ativity needs to drive any data exchange in order to produce content, hence val-
ue. The engagement of communities in creative processes of dynamic exchange 
of information is pivotal, as people’s imagination fosters growth and innovation. 
The act of sharing information and editing feedbacks forms a creative cycle 
where technology becomes a service provided to society, and communities ben-
efit of these processes. 

In this light contemporary cities are dynamic systems of vectors, which shape 
modifies in real time between the physical and the digital space; the urban en-
vironment is indeed a complex territory made of agents, like services, people 
and materials, which constitute a system of input data. The mutual interaction of 
these agents shapes society, i.e. a network of human-not-human agents whose 
mutual collaboration generates textures like value, desires, ambitions, etc. 
Textures vary both in relation to the agents’ proximity and the nature of the sur-
rounding threshold, which ignite variations of existing conditions when agents 
interact with the neighbourhood. 

People dwell in spaces that behave as interfaces of communication. Such spaces 
provide the stage and the context that make any kind of social interaction hap-
pen via interaction; hence the city can be described as a dynamic framework 
that performs social, political and economical events through infrastructure. It is 
a system of many neighbourhoods populated by agents, through which interac-
tion transforms information into communication.
It then follows that contemporary urban everyday is an intertwined topography 
built around the exchange of information. Proximity and agents’ behaviour ac-
tivate phenomena, which enable changes of different impact. Can urban space 
adapt to such continuous flux of information? Can technology be a framework 
of social relations that, through interaction, facilitates creativity and innovation 
at the scale of the urban environment? 

This paper describes a design platform, Limes, that enables responsive be-
haviour through the boundaries that inscribe each thematic territory. Bound-
ary-to-boundary interaction exchanges information through osmotic like rela-
tionships, which are driven by a design-thinking attitude. Boundaries act as a 
membrane; the design-thinking approach helps with develop urban strategies 
out of territorial responses, obtained from boundary-to-boundary interactions. 
Responsiveness is indeed understood as design feedback; it drives urban trans-
formation out of neighbourhoods’ resilient assets, i.e. the peculiar features 
contained in any social environment. To manipulate boundaries, i.e. data mi-
gration for design operations, means to deal with an entropic behaviour where 
information finds a common and flexible territory to navigate. Proximity and 
voxels enable the platform (i.e. information placeholders). The manipulation of 
voxels makes the network respond in relation to the data (resilient information) 
collected from the environment. As data belong to people, our intention is to 
engage citizens in the construction of the urban environment via the flux of data 
they create, to adapt space to daily changes. The platform is at an early stage of 
experimentation, however we believe the methodology can support urban strat-
egy design constructed upon a system that can change and adapt to the real time 
conditions developed from human-machine-human interaction.
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2. Conceptual framework: culture, resiliency and osmotic processes.

Resiliency is a factor that in urban analysis proportionally distributes infor-
mation – like mobility, health, etc. On the topic Kenneth Frampton wrote in 
1983 the essay “Towards a Critical Regionalism”. The essay argues against the 
universal and flattening strategy of global urban design, which makes each city 
of the world obey the same kinds of territorial and aesthetic rules. In the essay 
Frampton describes an alternative design route that includes, and embeds in it, 
the features of specific places: materials, construction techniques, habits, etc. 
According to Frampton, Critical Regionalism is a mediation process that helps 
deconstruct the overall spectrum of world culture [...] in the second place it has 
to achieve, through a synthetic contradiction, a manifest critique of universal 
civilization (Frampton, 1983, p. 20). Critical Regionalism is a platform of dia-
logue that engages diversity; it enables different cultures to meet within a shared 
territory. It opposes the logic of the tabula rasa, which, from a common ground, 
applies universal systems to any part of the world. Through a local/global cul-
ture there is the opportunity to grow a kind of society where macro and micro 
scales are in a direct and flexible relation, so that changes can perpetuate and 
adapt to different kinds of territories. 

Hence the boundary of each territory plays a pivotal role: by borrowing Heide-
gger’s words, Frampton defines the boundary as a meeting space; it is a place 
where diversities enter in contact (Heidegger, 1954 in Frampton). The presence 
of a boundary creates the possibility of establishing contact, i.e. to generate an 
event; nevertheless by being present the boundary causes resistance. The bound-
ary is a spatial entity that encompasses at the same time the sense of being and 
not being. By embodying the opposites, the boundary allows information to 
trespass borders via osmotic processes. Indeed, like an osmotic transformation, 
the differential between the parts enables the flow of content. It is important to 
retain resistance to activate transformations over time. Resistance is the resilient 
character of the territory. The boundary transmigrates differential events, thus 
constituting communication. The boundary declares the state of any related 
territory and enables dialectic relationships among neighbourhoods via osmotic 
exchanges. There is no need of a particular state of being; proximity, i.e. the 
range of distances that separate territories, stimulates the osmotic process. 

In this light, the human body is a kind of territory, whose system of senses 
makes it react to the environment. The human body has the same presence and 
“scale” of the urban environment; they are two different kinds of systems that 
react and respond to stimuli in a different way. Local behaviour, surrounding 
conditions and proximity diversify the exchange of information; proximity is 
nonetheless the activator of territories’ interactions. Human senses, for instance, 
are the reactors that make us aware of the environment; light, dark, humidity, 
hot, cold, etc are all factors that we acknowledge as sensorial responses to the 
environment, which we call experience, i.e. a memorable event recorded in our 
brain (Frampton, 1983). The environment is not a mere set of information. It is 
an experiential milieu our body senses by reacting to it. A human being feels the 
presence/resistance of the environment via the boundary of the skin; it reacts to 
exterior conditions through osmotic relations which intensity varies in relation 
to proximity. The sense of space is a complex reaction our body creates when 
it gets in contact with environmental stimulations, which returns what we call 
a “sense of being”. Such a sense is not a linear process, but a paradoxical set of 
events that, define a new different whole resulting from boundary interactions. 
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2.1. Territorial voxels of information

In contemporary urban strategies the understanding of data is a pivotal skill. 
Alphabet, the parent company of Google, recently founded the Sidewalks Lab, 
which is, to some extend, the Google of physical space. The Lab’s aim is to con-
nect people to the urban environment through a system that works like a digital 
search engine. For instance, by working with Uber, Sidewalks Lab is currently 
helping the city of Columbus Ohio create a feasible network for driverless cars 
(Harris, 2016) in order to understand the impact on urban design and mobility. 
Via artificial intelligences, which learn from patterns of data collected from 
people’s behaviour, the system is intended to predict citizens’ needs. With fast 
wireless technology, Sidewalks aims to connect the physical space to the digital, 
thus interweaving an infrastructure of data that interfaces with the technology 
Google has already in place, like Maps and Street View. It envisions a new kind 
of infrastructure, which behaves in relation to the data it registers from the phys-
ical environment. 

However, Sidewalk is missing a qualitative analysis of the environment; quan-
titative analysis, based on patterns created by algorithms, is its main focus. 
Through Flow, the cloud software platform that enables its computing system 
to operate, Sidewalk Lab is envisioning a responsive infrastructure that operates 
before demand (quantity), on the base of artificial intelligence computations. 
Sidewalk thus conforms to the current vision of “smart city”, which focuses on 
efficiency and control over information. Within it humans are integer values, 
and relationships are formed by predictions of data sets. Nonetheless, data are 
part of our everyday. They are collective information created by human-ma-
chine-human interaction, regulated by algorithms and displayed through inter-
faces. The value of data is still understudied. To recognize any value data can 
take to human life requires comparative studies that acknowledge the impact of 
qualitative effects in the everyday. 

For this reason, data are valuable elements for design. If integrated in urban 
strategies, which aim is to predict behaviour resulted from human interaction 
with information and the environment, data can help with design territories of 
physical/digital information that understand the human dynamic relationships 
with the built environment. The challenge is using the complexity of the net-
worked society as a system of territorial information, in which boundaries facil-
itate interactive urban design strategies. The intention is to establish a platform 
that interfaces territories, in which liminal resistance/reaction computes resilient 
information that senses and designs the environment via responsive behaviour. 
Osmotic responses between boundaries enable information to dynamically 
trespass territories. The platform produces an endless loop of interaction that 
returns feedback variables, result of responsive behaviour. 

Data is a local set of information; it is geolocated. By using real geo-coordinates 
we consider a kind of physical information that escapes the logic of the abstract. 
We intend to take into account the diverse properties of the physical world; 
data is collected from local specific interactions that happen in a specific time. 
Data becomes a series of space/time dynamic events, as they frame a specific 
behaviour or gesture; hence space is no longer perceived as physical but as ges-
tural (Bratton, 2009).

As spatial gestural events that facilitate the interactions of neighbouring sys-
tems via proximities boundaries create a dynamic and responsive sense of 
place. According to Varnelis we witness the development of a mobile sense of 
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place, through the emergence of popular virtual worlds, the rise of the network 
as a socio-spatial model, and the growing use of mapping and tracking tech-
nologies” (Varnelis, in Bratton, 2009, p. 92). Each single territory, including 
buildings and human beings, shares such a condition to the extent that territories 
become behavioural fields which content is transmitted to the surrounding as 
voxel variable. Voxels are volumetric informational placeholders which inflec-
tions create an environmental response. What we understand as environment is 
nonetheless response, and reflection, of behaviour. A human being is an actor 
in such a system, whose body is another kind of territory. By exchanging infor-
mation amongst them through proximity and a set of rules voxels create these 
volumetric informational gradients and patterns. As the process of exchange 
progresses to reach targets and gradients, the gradient itself gets modified. The 
process continues until the voxel system has achieved the desired informational 
distribution. The voxel methodology enables us to generate new forms by using 
information as distributed in the three dimensions. By inputting data from an 
urban environment, and specifying one or more target informational gradients 
and rules of voxel interaction, we can shape new forms at any scale of design. 

3. Methodology: The boundary as a design territorial event 

In the simulations the concept of the voxel helped with manage complexity of 
flows, relationships of matter and information in the urban landscape (Verebes, 
2014). The voxel inner structure embodies the ‘network’ paradigm. Voxels are 
the diagrammatic representation of the territory. According to Verebes the voxel 
space is space being formed from informational forces where spatial and experi-
ential effects can be recorded, analysed and mapped. (2014, p. 75).

We simulated complex behavioural responses and information flows using data 
from Transport for London (TFL) collected from London Datastore website. 
We customised VSpace, a voxel manipulation software designed by Alexandros 
Tsamis, to collect and order data sets that are assigned as information type to 
the voxel in the voxel space. The voxel relationships are lead by different math-
ematical equations, which we used in this paper for the purpose of illustrating 
how the platform works.

The mutual collaboration of three data sets - road length, number of bicyclists, 
and number of cars on the road - forms a single information system (one voxel) 
that embraces both humans and the built environment.
In the VSpace simulation, each data type is represented by a colour: 
- TYPE A: road length Red (255,0,0);
- TYPE B: number of cyclists per year Green (0,255,0);
- TYPE C: number of cars per year Blue (0,0,255);

As a combination of three data sets, each voxel holds three types of information, 
which are recorded at the same time and location. In our modified version of 
VSpace, we specified the data we wanted the voxel space to be ordered with.  In 
Figure 1, the voxel space is ordered by TYPE B.
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Figure 01. The graphic displays the result of posing a query.

The figure above renders the result given by querying the software for the 
boundaries that surround the voxels, which contain between 50% -100% con-
centration of information TYPE A. The figure is a visual representation of a sta-
tistic analysis; it does display how boundaries are spatially relational to the data 
by which the voxel space is ordered, hence in this example all boundaries are 
spatially relational to information TYPE B.
 
4. Results

I. Voxel behaviour and boundary querying without applying any reaction diffu-
sion equations, and without applying manual transformations

The figures below show the boundaries generated after querying VSpace for 
different concentrations of A and B. The boundaries are physically relational to 
TYPE B.
 
By querying for the boundaries of A in relation to B, we have a spatial relation-
ship of TYPE A (road length) and B (number of cyclists) before we manipulate 
information flows through boundaries. 
When we query the voxels or simulate a reaction within the voxel space, the 
voxel space will react differently, resulting in very different forms. As the fig-
ures below show, when we query the program we are querying the voxel space 
to show us a specific form determined by the distribution of information we are 
querying. 
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Figure 1. showing boundaries for voxels containing between 50-100% of information 
type A and B
 
Figure 2. showing boundaries for voxels containing between 50-100% of A and 
25-100% of B
 
II. Voxel behaviour and boundary query after applying BZ reaction diffusion 
equations, and without applying any manual transformations
 
In this example we applied the BZ (Belousov–Zhabotinsky Reaction) reaction 
diffusion equation to test how an osmotic behaviour (as described previously 
described conceptually) might be applied to urban analysis. The BZ reaction dif-
fusion is a family of oscillating chemical reactions in which the oxidation of re-
actants is catalyzed by metal ions in an acidic water solution (Ma, Wang, 2010). 
In a closed system, such as the one we use for this simulation, a BZ reaction can 
generate up to a thousand oscillating cycles, going from one state to another.
In these examples, the states oscillate between a completely homogenous con-
centration of either A, B or C.  What is most interesting, however, is how the 
elements A, B and C ‘react’ and diffuse through the voxel system over time, as 
this is fundamentally a representation of environmental information reacting 
and diffusing through a common complex system.
 
The system in which the information ‘reacts’ and diffuses through the boundar-
ies is function of the equation entered in the software. Data behave in relation to 
it. By increasing the accuracy of the equation (related to the topic of investiga-
tion) we can achieve more precise spatial distribution of information. To shape 
an open platform for co-designing new forms we intend to use as input live and 
crowd-sourced data sets from the urban environment. Nonetheless for common 
clarity we need to interface visual and formal changes to the data sets contained 
in the voxels. These are the next steps of the project. 
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Figure 3. The images show successive changes to the boundaries (50%<A,B<100%) as 
we step through the BZ equation.

 
 
Figure 4. The images shows the first ‘final state’ of the BZ-equation, where the boundar-
ies disappear, and all voxels contain only 100% A, 0% B and 0% C.

III. Voxel behaviour and boundary query after applying BZ reaction diffusion 
equations, and one manual transformation
 
The BZ equation can produce up to 1000 oscillations without introducing any 
further chemicals into the closed system; given enough steps, the system would 
begin to form boundaries of different concentrations once again.

In this simulation we focused on responses from environmental information and 
how we can manipulate it. We wanted to try a deliberate gestural ‘painting’ for 
the engagement of the human body; a VSpace ‘paintbrush’ allows us to select 
the colour, which means to select the proportions of A, B and C that we decide 
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to apply. It is also possible to select the opacity, which allows us to define the 
impact the paint stroke will have on the voxel space, and the size of the paint-
brush, i.e. the number of voxels that will be painted on the cube. Alternately we 
can intentionally introduce a specific value of information to a specific part of 
the voxel space, which means it is possible to “gesturally” manipulate the infor-
mation of the environment.
The images below show the effect of one paint stroke (size 8, colour (0,0,255), 
opacity 8), and the subsequent steps of the BZ equation. The first image shows 
the voxels, and the following images show the boundaries.
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Figure 5. After homogenous state #2
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Figure 6. Homogenous State #3

 

IV. Voxel behaviour and boundary query after applying BZ reaction diffusion 
equations, and two manual transformations
 
    

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // SHARE



71

Figure 7. (0,0,255), opacity 8 and size 8 applied to the homogenous voxel space
 
   

Figure 8. Homogenous State #4
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Figure 9. Homogenous State #5
  

This simulation shows how the length of the road and the use of cycles and cars 
can be extracted from an urban environment and fed into the voxel space to sim-
ulate how information is spatially related, and reacts and diffuses over boundar-
ies via the representation of textures and forms. 
 
 
6. Conclusion
 
In this paper we illustrated a design platform, Limes, which simulates respon-
sive environments via the interactions of neighbourhoods. Our intention is to 
use responsive behaviour as design tool for urban strategies. Through voxel 
manipulation we ran a set of simulations, which employed the VSpace software. 
We displayed how data interaction can trigger responses via different methods 
that employ data from Transport for London. Nonetheless the equations that 
govern the interaction of data can be changed to obtain a much more specific 
result. Our goal, which has been illustrated via different kinds of simulations, 
is also to look at the value data produce in terms of resilient information that 
identifies different kinds of contexts. Limes is a platform that we hope defines a 
dynamic infrastructure that makes people drivers of urban innovation. By par-
ticipating in the process of urban design, people create value through sharing 
data and working as a whole complex community. 
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Abstract
 
8 April 2016. This paper describes the development of the mobile application 
‘eave’ from its theoretical foundations to its technical implementation and first 
release as an alpha version. The project approaches the issue of ubiquitous 
computation as a phenomenon that informs the perception of the built environ-
ment and interpersonal relationships. It challenges mainstream social media by 
proposing a novel way to foster social exchange: Eave allows the user to share 
opinions on crowd-sourced topics with her local community.
Short sounds are left by the users at certain locations, and they can be geo-ac-
tivated by other users if they are close enough. A reflection on the means and 
some of the key aspects that drive the project (anonymity, local networking, 
open data, etc.) is presented.
Eave was developed within the framework of the MSc. Adaptive Architecture 
and Computation, University College London, in February and March 2016 by 
Fabio Galicia and Dániel Szemerey. This project was supervised and tutored by 
Miss Ava Fatah gen. Schieck.

1. Introduction
1.1 Diagnosis ♦ Research Idea

“The dominant discourse has generally positioned the technological artifact it-
self as autonomous and self-contained, and the environment as a mere backdrop 
against which meaningful action unfolds.”
Adam Greenfield - Against the Smart City (2013)

In accordance with Moore’s law (Moore, 1965) the amount of data produced by 
and in our cities are increasing in an unprecedented rate, as its citizens require 
advanced systems to harmonize co-living. This data defines our everyday be-
havior, whether it is through sensors and actuators that keep us safe in traffic or 
whether it is an interactive system that we act upon, such as social media.

EAVE – A PROJECT ON LOCAL NETWORKING
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Eave was raised as a critical instrument to reflect on the way we generate and 
interact with this data, and how it influences the way we interact with each other 
and with their ‘virtual dimension’, i.e. their avatars in social media. Eave draws 
from three main concepts regarding the role of technology, ubiquitous computa-
tion and urban policies in contemporary western societies:

 Loss of meaning of space, as the digital space seems to demote the physical 
space when it comes to establishing relationships among citizens. [1]
 Pervasiveness of ubiquitous computation and its implications on the quality 
of the data generated by social media abuse. [2][3]
2 / 10
 Reconquest of the public space for their inhabitants, drawing from the ongo-
ing privatization of public space in the UK, a phenomenon that silently articu-
lates a switch over the general understanding of “public space” into “publicly 
accessible space” [4].

Figure 1. Diagram of the two sides of approach.

1.2 Prophylaxis ♦ Research Methods

“Cities have the capability of providing something for everybody, only because, 
and only when, they are created by everybody.”
Jane Jacobs- The Death and Life of Great American Cities (1961)

The main answers to the proposed research topics were approached in a non-lin-
ear fashion: Different techniques were explored, varying from the experimenta-
tion with binaural sound in real time to the development of a mobile application. 
The latter was chosen over the first for a number of reasons, the main one being 
the possibility to involve a greater number of people in the project, allowing 
them to test it, generate data for us to analyze and provide feedback. In the very 
end, eave is a tool for and about people. We strived to provide a pseudo-uni-
versal tool for a novel form of interaction. We strongly believe that the users 
should be the moving force that helps eave grow. At the time this report is being 
written (barely after one week from the official release of the application as an 
alpha-testing version), time constrains made a strict analysis of the data unfea-
sible. Nevertheless, we were aware of the nature of the project as a mid / long-
term process that necessitates time to shed light on our initial hypothesis. Up to 
date, and despite the very young life of the project, some initial signs of behav-
ioral and interaction patterns can be devised. These, together with the feedback 
provided by the users, will help reshape eave in a number of ways.

The main goals of the resulting product define a theoretical framework that 
guided the process from beginning to end and that could be resumed as follows:

a.) Reattachment of the physical realm to the digital one. Foster awareness and 
regain meaning of loci via their inherent attached experiences and interactions.
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b.) Challenge the trending way of generating, sharing and revisiting data: not 
anywhere, not anytime, not anyhow.
Sound was found to be the most adequate mean to fit our needs for several rea-
sons:
 Availability: It is present and well implemented in mobile devices. It is well 
known by the average user and needs no extra hardware.
 Non-invasive: We rejected a visually-demanding interface in favor of a more 
complete experience of the city. The user is free to explore without having to 
look at the screen.
3 / 10
 Personal & Anonym: Speech holds a strong semantic component. Through 
intonation, volume, pitch, pauses, etc. it is easy to get a quite precise under-
standing of the message, without needing a visual input. Tone and articulation 
can also be understood as elements for identification. Nevertheless, we take this 
as a much less explicit form of exposure and in certain cases, as a personal or 
even intimate way of interacting
In order to find a way to draw the limits of eave and define its interaction meth-
ods, we reflected on mainstream networking and content-based opinion plat-
forms. As a proof of concept, we analyzed Twitter, Facebook and Snapchat, but 
many other social media could be subjected to a similar analysis. Especially, we 
reflected on the following features:
 Unfiltered: The content that the user can access isn’t chosen by any person, 
organization or algorithm. The only way to filter the massages is by the user 
switching off the app (or taking out the earphones). This is especially important 
in contrast to Facebook, as that service monitors users’ behavior -such as where 
they have clicked- to calculate the information that they believe the user wants 
to see. (Chen, 2010 ) In addition topics are not simply listed according to time, 
but of preferences also. Just recently Twitter introduced filtering, which was 
strongly criticized by their user base. (Hern, 2015)
 Anonym: None of these platforms provide an option for anonymity. Users are 
required to provide personal information as well as email address and -in some 
cases- mobile phone numbers. People therefore have to think twice before shar-
ing any information with the public, as they can never be sure who actually has 
access to it. (Christopherson, 2007)
 Constrained: The existing platforms store and provide information indefinite-
ly both in space and in time. The only exception is Snapchat that became popu-
lar for its limitation of visibility in time of messages. (Chen, 2015)
 Limited Publicity: Messages are constrained spatially and temporarily, there-
fore they are theoretically available for anybody, but limited in the sense that it 
requires physical presence in a specific location to access every piece of infor-
mation. Half-publicity allows for a more localized, neighbourhood-driven com-
munication.
In conclusion Eave is “a box of anonym reflections on crowd-sourced topics. 
Eave stores audio-messages in the place where they were created, which will be 
audible by other users if they are at a certain distance for a limited time”.

2. Technical Implementation
“Love, not only with people, but also with environments, […] that change, that 
die, that come and go…”
Marc Marzenit (2015)
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Figure 1. The schematic diagram of the interaction between user and the application

The application has three types of interaction: recording a message, listening 
back to nearby messages and contributing with a new topic.
The existence of topics are an essential part of the project, as it gives a motiva-
tion to the person to actually contribute with their messages. In addition, and 
perhaps more importantly, the topics create a common ground for discussion 
about current interests and from a research point of view allows for more in-
depth analysis. Through the existence of topics a neighbourhood can interview 
itself, thereby creating local, unfiltered and raw ‘news’ made by the citizens, for 
the citizens.

Another key issue that arose during the project was how the user actually in-
teracts with the sounds that were placed at nearby locations. Firstly, the user 
switches the application on, with the phone’s GPS toggle and internet connec-
tion turned on. From then on the user can either start recording right away or 
decide on listening to nearby sounds.

 Recording: Before recording, a randomly given topic is shown to the user. 
The user can then ponder on the answer and finally press and hold the button to 
start recording. The messages are constrained to seven seconds, which through 
trial and error turned out to be the ideal length for a compact message. If too 
long then it clogs the pipe when listening back, if it is too short the messages 
lose comprehension and quality. Finally the message gets uploaded and a new 
topic is shown to the user.

 Listening back: Sounds that are inclusive of a certain radius from the user are 
played one after another. The order of the sounds is randomized. The reason for 
this, rather than playing it back according to time, is so the recorder knows that 
they have a chance of contributing to the list in an active manner that is their 
message won’t be buried at the end of a long list.

 Contributing with a topic: The topics are crowdsourced (initially we created a 
few topics), which means anybody with the app can upload their own question, 
interest or idea to the server. This topic then has a chance of it being randomly 
selected.
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Figure 3. The process of downloading and playing the sound back. A sound within 
playback list is randomly chosen and played with a volume mapped according to the 
distance.
Figure 2. The process of recording and topic selection. Once the user recorded a sound 
a new random topic is shown.

2.1 User Interface ♦ Front-End

Eave was thought as a non-invasive application. The design of the User In-
terface intends to be minimal and avoids already-known menu-based models. 
Although this may lead to confusion in some cases, the interaction is kept as 
simple as possible, but not simpler. The user sees a welcome screen with simple 
instructions and the eave’s motto. The main screen shows a topic on which the 
user can give her opinion. It also has one button and a compass representing 
where close sounds are. Closer sounds are represented bigger. A simple tap 
on the button toggles the playback, a long (hold) tap allows the user to record 
sound and upload it after release. A tap on the topic allows the user to introduce 
and submit a new topic to the server, which will be visible by other users. We 
thought that not only the opinion but also the subjects should be crowd-sourced. 
This way, eave remains independent from external sources and relies only on 
what her users consider relevant.

Figure 3. The introduction screen and the main screen with the multifunctional button 
and changeable topic
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2.2 Data Management ♦ Back-End

A highly demanding part of the development was the creation of the service’s 
back-end. The application creates files that have to be processed, uploaded, 
managed, stored and downloaded. Each file has a unique name that consist of 
the following:
1. Latitude and Longitude
2. Year-Month-Date
3. Hour-Minute-Second
4. Topic Number (What the message answered)
5. Unique identification number of user (this is solely for the purpose of fur-

ther research in the scope of a limited audience)

On one hand the app uploads data. Once a sound is created it is given a name 
with the above mentioned attributes and uploaded to a server. The server then 
sorts the files in order and stores them for future access.

Figure 4. Processing Sketch with the data visualized on the map in different colours 
according to topic.

On the other hand it has to download the right data. When the app is activated 
it goes through a setup process that starts with checking the location of the user 
and the list of filenames on the server folder. It then process the names of the 
files on the server, breaking them into their suitable position. The distance be-
tween user and each file can then be calculated through applying the ‘Haversine’ 
formula. If the distance is smaller than the predefined download distance (in our 
case 100 meters) then that file gets downloaded and stored in the applications 
folder.
During runtime two core things are carried out: firstly in each frame the phones 
position is compared to the files in the application folder. If the file is smaller 
than the playback distance (in our case 25 meters) then it is added
The file name should start with the session title, then the author’s last name(s) 
and the title of the paper.
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Figure 5. The playback and the download circle in relation to the user

3. Discussion and Reflection

“Love your city: this is not an order. It is a suggestion, a wink – a possibility.”
S. Kippenberger (2009)
Based on user’s feedback and critical discussion, future development of this 
project should reflect on three main issues:

3.1 On Networking (vs.?) Anonymity

The theoretical starting point of this project was to provide dwellers with a tool 
to freely express their concerns about different matters, and to decide which 
topics should be subject of discussion by their local community.

Our hypothesis is that a non-anonym way of generating content does not allow 
in the majority of cases for a free and unbiased speech. As commented before, 
social media provides a platform normally driven by figures, in which popular-
ity and readers (or ‘followers’) are the standard measure of success or accepta-
tion (this concept is underpinned by the model of unlimited publicity followed 
by most of this networks). On the one hand, we propose that by having a fix 
(and generally non-changing) number and most importantly profile of readers, 
all of them perfectly identifiable, the user can modify or avoid to show her 
opinion on delicate topics, so as not to disappoint her community. On the other 
hand, freedom of expression in the social media is nowadays a subject of great 
controversy in the western culture. Some countries like Spain are undertaking 
restrictive legislation against free speech in the name of security and protective 
surveillance, enforcing the suppression of certain trends of thought by means 
of prosecution and even imprisonment [5][6]. This deprivation of freedom of 
expression and assembly leads to the alienation of ‘nonmainstream’ mindsets, 
a fact that should be a matter of main concern in the self-called ‘free democra-
cies’. Eave is intended to provide a channel for free, anonym but nevertheless 
personal self-expression. The user does not rely on followers or is recognizable 
by other means than her voice. There is not an alias, avatar or credentials to be 
shared with other members. Although becoming a tool for political activism is 
not the goal of this project, its potential to challenge rules that directly attempt 
against basic rights takes the social implications of this project one step further.
This stance allows however a number of issues to arise, the central one poten-
tially conflicting one of the main ideas of the project: local networking. And this 
is perfectly logical if one understands networking as a peer-to-peer connection, 
again as an id-based and arguably reward-based system when it comes to social 
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media. Eave defines networking as a dynamic connection, a possibility, in which 
the interest of the user lies de facto on the anonymity of the mean. It is an ev-
er-changing network fed by uninterested opinions of its users. Engagement in 
conversation can be easily achieved, but shall not be pinpointed as such to the 
users. Conversations are likely to occur between different actors, even if they 
are not aware of them. Data are open-ended, non-linear, public, accessible and 
revisitable. At this point, time plays a main role, allowing for very different con-
figurations in the way actors relate, whether human (someone responding to a 
message she just listened) or non-human (the algorithm generating spontaneous 
conversations audible to the user in a non-linear fashion). Once again, these 
concepts draw on our initial ideas on limited publicity and temporal and spatial 
constraints.

3.2 On the data management

Users’ feedback has proven to be a very powerful mean of improving the algo-
rithm and the usability. One of the most common suggestions was to implement 
a rating system, so the user could rate opinions and topics positively or neg-
atively. The data would then be organized accordingly, the files with a higher 
rating being more likely to be seen than the ones with a poor rating. This way 
of organizing data would be probabilistic, assuring that at all times all generated 
data are likely to be revisited. The rating marks, combined with a temporal filter 
could allow for a more coherent way of managing and displaying the data.
3.3 On the scope
As it has been discussed previously, Eave only grants access to data if the user 
finds herself in a close location to where the files were generated. This makes it 
difficult for the user to engage in a fruitful conversation if there is not enough 
data density in her area. This is a matter of concern, since the interaction re-
quires preferably several actors to provide a rich and interesting experience. 
There are a number of possibilities to be explored, ranging from extending the 
activation radius for areas with little activity, to connecting virtually different 
parts of the city / world with very similar or dissimilar interests. Making ‘for-
eign’ data available conflicts the theoretical framework in which Eave was con-
ceived, rendering however new scenarios that deserve further reflection.

4. Conclusion

Eave was born as a tool for a novel way of social exchange. In her rather young 
life, it has proven to involve a number of aspects ranging from the ways in 
which the built environment is understood in conjunction with the digital world 
/ social media to political activism.
By involving a great number of testers, eave has been able to gather feedback 
that questions some of her key conceptual features. It has to be acknowledged 
that the fact that this software reverts most of the key functioning schemes and 
conceptual features of stablished social media has its implications on the way 
users first understand and experience the application. Further research on find-
ing the right balance between providing an alternative path to local social ex-
change while maintaining an interesting degree of interaction is the future aim 
of this project.

5. Acknowledgements

We would like to thank Martin Traunmueller for his inspiration and his views on 
the theoretical framework, as well as Yusuf Algem and Petros Koutsolampros 
for their interest in the project and their always selfless technical assistance.
We would also like to thank all the testers that kindly gave feedback on eave 

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // SHARE



82

and helped us shape it and reinforce our faith in it as a tool for social exchange. 
Especially to Pablo López Soriano for his expertise in helping improve the us-
er’sexperience and to Tamas Szemerey, who has contributed with his feedback 
throughout development.

6. References

Software we used: Unity, MonoDevelop, Visual Basic, Processing
Languages used: C-Sharp, Java (Processing)

6.1 List of Figures

FIGURE 1. DIAGRAM OF THE TWO SIDES OF APPROACHERROR! 
BOOKMARK NOT DEFINED.
FIGURE 2. THE SCHEMATIC DIAGRAM OF THE INTERACTION BE-
TWEEN USER AND THE APPLICATION 3
FIGURE 3. THE PROCESS OF DOWNLOADING AND PLAYING THE 
SOUND BACK. A SOUND WITHIN PLAYBACK LIST IS RANDOMLY 
CHOSEN AND PLAYED WITH A VOLUME MAPPED ACCORDING TO 
THE DISTANCE ERROR! BOOKMARK NOT DEFINED.
FIGURE 4. THE PROCESS OF RECORDING AND TOPIC SELECTION. 
ONCE THE USER RECORDED A SOUND A NEW RANDOM TOPIC IS 
SHOWN. ......................................................................................4
FIGURE 5. THE INTRODUCTION SCREEN AND THE MAIN SCREEN 
WITH THE MULTIFUNCTIONAL BUTTON AND CHANGEABLE TOPIC ..
............................................................................................5
FIGURE 6. THE PLAYBACK AND THE DOWNLOAD CIRCLE IN RELA-
TION TO THE USER 6
FIGURE 7. PROCESSING SKETCH WITH THE DATA VISUALIZED ON 
THE MAP IN DIFFERENT COLOURS ACCORDING TO TOPIC ....................
.....................................................................................6

6.2 Citations
 [1] Greenfield, A. 2013. Against the smart city. Do projects. New York.
Boughton, J.M., 2002. The Bretton Woods proposal: an indepth look. Political 
Science Quarterly, 42(6), pp.564-78.  Moore, G. E. (., 1965. “Cramming more 
components onto integrated circuits”.. Electronics Magazine. p. 4.: Retrieved 
2016-02-10.Silverman, D.F. and Propp, K.K. eds, 1990. The active interview. 
Beverly Hills, CA: Sage.
 [2] Stefanescu, D. 2011. Algorithmic Abuse, PLAT Architectural Journal, 
Huston.
 [3] Dodge, M. & Kitchin R. 2011. Code/Space: Software and Everyday Life. 
MIT Press. Massachusetts.  [4] Vasagar, Jeevan. Public spaces in Britain’s 
cities fall into private hands [Access date: 1/2/2016]. The Guardian http://www.
theguardian.com/uk/2012/jun/11/granary-square-privately-owned-public-space 
 Jacobs, J., 1961. The Death and Life of Great American Cities. In: New York: 
Vintage, p. 238.  Chen, A., 2015. @Andrew Chen. [Online] Available at: 
http://andrewchen.co/constrained-media-how-disappearing-photos-6-second-
videos-and-140-characters-are-conquering-the-world/ [Accessed 20/02/2016]. 
 Hern, A., 2015. The Guardian. [Online] Available at: https://www.
theguardian.com/technology/2015/apr/21/twitter-filter-notifications-for-all-ac-
counts-abuse[Accessed 15 02 2016].  Christopherson, K., 2007. The positive 
and negative implications of anonymity in Internet social interactions:“On the 
Internet, Nobody Knows You’re a Dog”.. In: Computers in Human Behavior. 
s.l.:s.n., pp. 3038-3056.  Chen, W. a. S. F., 2010 . “Social network collabora-
tive filtering framework and online trust factors: a case study on Facebook.”. 

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // SHARE



83RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // SHARE

Fifth International Conference on. IEEE,, Digital Information Management 
(ICDIM).  [5] Kasaam, Ashifa. Spain puts ‘gag’ on freedom of expression as 
senate approves security law. [Access date: 17/02/2016]. The Guardian http://
www.theguardian.com/world/2015/mar/12/spain-security-law-protesters-free-
dom-expression  [6] Minder, Raphael. Spain’s New Public Safety Law Has 
Its Challengers [Access date: 17/02/2016]. The New York Times http://www.
nytimes.com/2015/07/01/world/europe/spains-new-public-safety-law-has-its-
challengers.html?_r=0

6.3 Literature

1. Greenfield, A. 2011. Systems / Agents: Urban experience in the network 
age. Urbanscale: NYU’s ITP. New York. 2. Yaneva, A. 2009. Making the So-
cial Hold: Towards an Actor-Network Theory of Design. Design and Culture. 
3. Bell, G, and P Dourish. 2007. Yesterday’s Tomorrows: Notes on Ubiquitous 
Computing’s Dominant Vision. Springer-Verlag London Limited. 4. Turner, A. 
2005. Being in space and space in being. 5th International Space Syntax Sym-
posium Proceedings 1. Netherlands: Techne Press, Delft. 5. Griffiths, S.; Quick, 
T. 2005. How the individual, society and space become structurally coupled 
over time. 5th International Space Syntax Symposium, Delft. 6. Dodge, M. & 
Kitchin R. 2004. Code and the Transduction of Space. Blackwell Publishing. 
Oxford. 7. De la Peña, B. 2013. Embracing the Autocatalytic city [Access date: 
15/11/28]. Available in: http://www.citylab.com/politics/2013/03/embracing-au-
tocatalytic-city/4909/



84

Nonthavit Jitsupa
Naoya Hayashi / Zhou Jihai / Prof. Okude Naohito / Assistance Prof. Chihiro Sato
Keio University Graduate School of Media Design

Keywords: Travel Experience, Cycling Trip, Interactive Design, Bicycle Navigator, Local Ja-
pan

Abstract 

      This paper introduces the design of Kogu-kogu, a bicycle trip service for 
travelers who wants to travel in Japan differently from tourist stereotype and 
enjoy a local cycling experience in Japan. Since Japan is the most popular 
country to visit and most of the places are packed with tourists nowadays, this 
bicycle service is designed to move travelers to get to know localness of Japan 
by using a navigator application and interaction design in the city while cycling 
to guide them to a local places which recommended by Japanese people who 
living there. 
      Kogu-kogu Service wants to change traveler behavior to get a quality time 
by exploring real local places not to follow the guidebook and go only to a 
tourist attraction and feel the value of unexpected feelings and travel without 
a plan. The service aims to and promote infamous places from foreigner per-
spective and motivate them to appreciate the feeling of explorer, get to know the 
kindness of Japanese people and create a memorable trip while cycling in the 
cyclists-friendly country like Japan.

1. Introduction
1.1. Background and Current Situation

      This research aims to aims to create a memorable travel experience to en-
courage travelers in Japan to enjoy visiting places randomly by bicycle, allow-
ing them to experience new adventures. This should be a new way to establish 
travelers rather than tourists, meaning that users could encounter unexpected 
sensations by discovering new places apart from the well-known tourist attrac-
tions. Users would be able to discover non-overly advertised Japanese dishes or 
to enjoy a cultural exchange through locals that would give users unique jour-
neys and memories. Focusing on the interaction between human, objects, and 
places to drive them to enjoy cycling in Japan. This research mainly focusing on 
3 factors; Traveling in Japan, Cycling Experience and Interactive in the city.

Kogu-kogu: Interactive Design for Engaging
People to Enjoy An Unexpectedly Bicycle Service
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      In foreigner perspective, traveling to Japan is a good chance to visit a coun-
try that is most steeped in tradition and culture of their own country with the 
most generous people in the world. Also, there are plenty of reasons to come 
and explore Japan at least once in a lifetime because Japan is widely known 
from the world about the food, architecture, technology, design, music, TV dra-
ma, manga, and anime. Nowadays, it is quite common to see foreigners around 
Japan famous areas like Kyoto, Osaka, or Tokyo especially Shibuya and Hara-
juku area (Figure1.1) However, most of the travelers are staying in the comfort 
zone; not going to experience the real local Japan but go only to the famous 
places and get a same experience as the others. 

      Moreover, Bicycle trend is getting more popularity and since Japan is one of 
the most cyclist-friendly country in the world, it would be a new traveling style 
in Japan to create a cycling trip and explore the city rather than just go around 
by public transportation or walking that lack of independence. And interaction 
in the city could be a solution to motivate traveler to get an attention and want 
to explore the area by an attractive interaction hidden in the city.

Figure 1. Traveler in Japan stereotype

1.2. Research objective

      This research proposes Kogu-kogu bicycle service to move people especial-
ly foreign traveler to enjoy traveling in Japan by bicycle to make them want to 
explore local Japan by themselves and create their unique memory using inter-
active around the city and navigator to lead a user to an interesting local spot 
which can make them feel enjoy the local area.
      To achieve this goal, key elements that are needed to trigger impulse and 
enjoyment in the travel experience by cycling are investigated. It is necessary to 
explore and elaborate the attributes that user see as essential factors that trigger 
them to start cycling and enjoy the surroundings. Also, behavior and charac-
teristics of travelers are also concerns as a factor to be included in the design 
to persuade them to bike with the playfulness of exploring the local Japan. The 
researcher aims to use the existing bicycle rental service as a base and provide a 
motivation for the user to feel more motivate and go cycling in a new way.
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2. Research

2.1. How to Create a Local Cycling Experience in Japan?

     Nowadays, as mentioned earlier in the previous chapter, the bicycle trend is 
steadily growing and people are started to cycling more because unlike some 
other sports, cycling does not require high levels of physical skill, and in terms 
of transport, cycling replaces sedentary time spent driving motor vehicles or 
using trains or buses with healthy exercise. From literature reviews (see in refer-
ence section), the researcher listed a difference between bicycle trip and planned 
trip as below (figure 1.2) which bicycle trip has a potential to create more local 
experience.

Figure 2.1 Difference between Bicycle Trip and Planned Trip

2.2. How to Define ‘Local Japan’?

One of the project objective is to introduce a local Japan to the user to move 
them to discover by themselves and enjoy an unexpected feelings. Therefore, 
there needs to clarify what is local Japan that can engage people that it worth 
to explore and discover in Japan. From many case studies (see in Reference 
section), “local Japan” should be something that they familiar in everyday life 
not just something like Samurai, Kimono, Sushi, Ramen which just created to 
promoted traditional Japan but it could be a hidden area or infamous food which 
are not well known by foreigners but Japanese people themselves interact with 
it in everyday life (Figure 2.2).

Figure 2.2 Local Japan Definition Moodboard
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2.3. Related Works Study

     This research also focusing on interaction which could be create in the city to 
provide a curiosity to the user and make them feel the value of exploring. There 
are many related works that using public space in the city to create a new social 
experience for the people which got them an attention and want to participate 
with an interaction. The researcher studied about social experiment, installation 
art in public space, and application which can motivate user to explore their city. 
As a result, the key to push people to exploring from related works was to create 
a curiosity to make them get interest and explore to understand a value of each 
works.

Figure 2.3 Key Insight from Related Works

3. Design
3.1. Ethnography, Fieldworks and Insights

Starting from the philosophy that believe that people should enjoy visiting plac-
es randomly in accidental ways and experience new things during the journey, 
and wants to create navigator that enables people to achieve something in a fun 
way as a vision which both based on design objective to move user to feel emo-
tionally engage with the bicycle service and feel the value of cycling locally in 
Japan, target users and stakeholders were investigated to understand the percep-
tion and behavioral patterns of the user, service, business as Figure 3.1

 

Figure 3.1 Target User

       After set target users, the researcher went to 3 fieldworks to make an obser-
vation with potential travelers to see their behavior and checked a possibilities 
to persuade them to participate with the design. (Figure 3.2) The insight from an 
observation is there are several local areas which could make people feel enjoy 
the ride by mean of exploring unseen neighborhood.
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Figure 3.2 Fieldwork in the city

3.2. Concept

Kogu-kogu Bicycle Service aims to propose a new experience of travel in Ja-
pan by using navigator to convince people to explore local restaurant, cafe, 
places, and people, focusing on creating a navigator to bring user to the local 
area which barely known by tourists to persuade them to see and act like a local 
people while staying in Japan and get a memorable trip, and defining a rewards 
for the user as a motivation around the city to let them explore and interact to 
get a privilege. These are acknowledged as challenges for the design which aims 
to achieve the most suitable solutions to confront the issues. The challenges are 
listed below:

• Interaction that blend with the city smoothly and not spoil the character-
istic of the city
• Navigator that move user to get a curiosity and want to participate with 
the service
• Convince user to create their unique memory for themselves

3.3. Kogu-kogu Service

The service was named “Kogu-kogu” which came from the Japanese onomato-
poeia word that imitated sound when people pedal a bicycle to represent a real 
local experience which the service could propose to the user. The service is pro-
viding a bicycle for rent, Kogu-kogu navigator application which is an applica-
tion to interact with designed spot around the cycling area. (Figure 3.3)

Figure 3.3 Kogu-Kogu Bicycle Service
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Designed spot is the main function of Kogu-kogu service. Each spot are repre-
sent a different places like tasty food spot, famous scene from Japanese movies 
spot, or hidden nature spot based on their character (e.g. Pig spot is a represen-
tative of local Japanese cutlet pork around cycling area) (Figure 3.4)

Figure 3.4 Designed Spots

User will get an instruction and details about the service at Kogukogu service 
center. And user will enjoy explore around the area while cycling and using 
application to find a local spots. The service cooperated between bicycle rental 
service and small local business which recommended by local people to provide 
a hidden spots for user to explore the area. (Figure 3.5)

Figure 3.5 Local Spots provided by local people

      After user start bicycle trip, user need to find a spot using a navigator, and 
the spot could be attached to anywhere around public space. (Figure 3.6) When 
user found the spot and take a picture of spot to get a hints and rewards provid-
ed if they can make it to the hidden spot that described on the hints. This service 
could bring user to the place that only local people knows and interact with it in 
their daily life while using the service.
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Figure 3.6 Exploring a spot around cycling area

4. Evaluation
4.1. Testing Objective

      In order to evaluate the design concept, two experimental tests were con-
ducted to test how the design can create a value to the user and what should be 
improved after testing from observation, questionnaire, and interviews. Further-
more, what kind of experience that user will get from the service and potential 
to change a behavior of traveling to follow the research objective is also consid-
ered as testing objective.

4.2. Testing and Result

      The researcher chose Yokohama, Japan as testing venue with a 3 testers 
started with a data gathering and let them test the service for 3 hours to see their 
behavior and feedbacks when they are using the service and after the service. 
(Figure 4.1) The result was quite successful in terms of encourage them to enjoy 
cycling in the local area which they were not familiar and made them try to in-
teract with local people without language barriers. Participants also commented 
that they were inspiring to travel without concerning about destination but to see 
their surroundings more and enjoy an experience of cycling in Japan which was 
the research main objective which wants to propose a new way of traveling to 
experience an unpredictable trip. However, there were some limitations such as 
a lack of categories of designed spots and map interface and brand identity were 
not strong enough.
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Figure 4.1 Testing

      The value that user who are travelers perceived and co-created with local 
Japanese people are listed below: (Figure 4.2)

Figure 4.2 Value from Kogu-kogu

5. Conclusion

There are 4 issues that the researcher has encountered during the investigation. 
These issues will be discussed in detail together with the findings from the eval-
uations.

Designed spots and Navigator affected to increasing inquisitive mind of traveler
Kogu-kogu service main design components which is outstanding from existing 
bicycle rental service is bicycle navigator and interactive designed spots that 
providing hints for the local places gave user a curiosity as expectation and suc-
cessfully in terms of creates a value of localness appreciation. The examination 
while testing could be a proof that people wanted to participate with the service 
because it proposed a spots using local people database as a guideline for them 
to make cycling become more exciting. After cycling trip with Kogu-kogu ser-
vice, perception about cycling and traveling in Japan are changed positively and 
created a potential to considering travel in the local area more than before par-
ticipated with the service.
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Designed Spot increasing a motivation for traveler to exploring the area
Designed spots which located in the cycling area for user can create a curiosi-
ty to guess the meaning of each spot and which location spot is going to bring 
them and show localness to them. This concept applied from previous fieldwork 
and main objective is to playing with inquisitive feeling of human and want to 
persuade them to be observant with surroundings and the perspective of them 
will be different.

Traveling by bicycle allows travelers to reach their destination more efficiently 
than other types of transportation
Interpreted from testers who had experienced in traveling in Japan, bicycle is 
the vehicle which could reach their desired destination quickly and easy for 
parking in parking area comparing with rental car. Moreover, the feeling while 
cycling and felt the wind to the body while cycling was a value that which 
would not get from another transportation which make people feel refreshing 
and enjoy the ride.

Flexible trip traveling could be more enjoyable comparing to fixed plan travel-
ing
The flexibility of the trip could make a trip become exciting and challenging 
because no rushing schedule to distract their time for appreciation of place. User 
can enjoying the trip freely and can decide to have a break whenever they want 
unlike touring guide which has a limited and fixed time for free time. The the-
ory was confirmed by tester who are working in travel company which he fre-
quently experience in touring trip with his clients and he totally felt excited with 
cycling trip that he had more
time for taking photo or enjoying food and store atmosphere.
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Abstract

Technology is a revolutionary element in planning transformation and urban 
innovation field. However there is a dichotomy between ICT solutions availabil-
ity and structured and uploaded data.
The widespread use of new technologies by citizens has created an epochal 
change of their expectations to which are not linked real innovations by public 
bodies. Nevertheless these tools could allow local governments to explore new 
opportunity, setting aside bureaucracy and inefficiency, confidence-building 
on the institution in growing crisis. The  “responsive city”, could represents a 
formula that allows communities to be involved  trough the so-called “smart 
governance”. It is about using information technology and internet, that make 
possible sharing a huge amount of data, in order to improve governments action 
toward a more efficient response to citizen’s needs.
A territorial informative infrastructure represent a “knowledge” that could be 
intended as commodity, therefore valuable itself.
On the above considerations it started “data strategy”, by Con.AMI (a 23 mu-
nicipalities consortium), which aims to improve immaterial assets, such as data, 
and at the same time enhance current knowledge (open and proprietary data) 
trough a smart approach in order to achieve grow and competitiveness of  this 
territorial system.

DIGITAL ECOSYSTEM FOR SMART DATA 
SHARE
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1. Value of the Data and the Renovation of Public Authorities

After mapping the “ Smart Cities state of art”[1] we noted how the concept 
behind Smart Cities has just become a technology. Furthermore, we noted how 
the application of such a technology quite often came out as a marketing strat-
egy rather than a real willingness to act in the interest of the city. Therefore, 
the object could be confused with the real purpose. Within eGov actions public 
bodies implement services and tools directed to supply an real request, with 
heavy investments that don’t produce expected results. Besides digitalization 
and computerization processes come to light a more complex and strategic 
need  to create a digital culture and attitude. Rather than talking about eGOV it 
needs to talk about eCitizen [2], starting from the purpose eGov is directed to : 
citizens.

Today, dealing with the competitiveness planning as well as the growth of an 
area, can not set aside both planning and thinking with a smart approach.
Since we are living in a dynamic society, we  can not  think about the organiza-
tion of a city using the Second Wolrd War criteria. Nevertheless, current spatial 
planning processes, that is defining the development of the city, have an inner 
structure which is based on a conceptual framework developed by outdated 
information. An obsolescence of contents, deriving from uneven and hetero-
geneous information, from the difficulty to dispose of them in full and updated 
way togheter with a monodisciplinary and not interconnected approach [3]. 
That obsolescence rooted on a disciplinary approach within science and tech-
nique were separated and where art were at complete odds with tecnique. An 
era within knowledge could be held together by an organizational process , 
an industrial project. In urban planning, standard and zoning were measurable 
units throughout it could be defined future developments. In this framework, 
over ‘60s, began arising the most important national mapping bodies support-
ing planning rules and regulations.

The fact is that since many years is strengthened the idea to shift from a kind 
of culture  which consider planning as a product, into a culture that consider 
instead planning as a process and the whole territorial and city management 
activity as a “processes administration”. That conceptual innovation has 
been often summarized pointing out the need to change the archaic hierar-
chical planning system into a new cooperative and reticular planning system 
characterized by an high level of shared information, mostly the information 
bottom-made. only from the simultaneous information exchange can raise vir-
tuous governance processes, making an adaptive city able to change its shape 
and performance according to the contingencies. 

Thanks to the arrival of the Digital Era, a deep revolution took place. The digi-
tal originated, borrowing a few words from the Polish sociologist Bauman, the 
fluid society [4], that, as we can see more and more, is spreading conflicts all 
over the world. The representation of the territory has changed indeed. With 
the internet the stream of information entirely changed. Nowadays, the Online 
communication has actually  wiped the concept of space. Communication 
and Digital are now transnational: borders and barriers have disappeared. The 
representation of  territory, thanks to the development of voluntary projects, 
has produced cartographies at the button level that are more updated than the 
official ones. This is how “Open Street Map” was born. Now, anyone with a 
Smartphone can acquire, collect and share data, creating outright sensors able 
to map and monitor, over and beyond the territory. An amazing exhibition, cre-
ated by Paola Antonelli a few years ago, named “Talk to Me, Uomo e Tecnolo-
gie” proved that. Things and Territory are able to talk. Even the computer is no 
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longer a machine in the common sense: it goes beyond the purpose. Is not only 
a writing tool... it is a psychic to all intents and purposes. From the hardness of 
the machines, to the softness of digital. 

Today, the need for approaching reality with a interdisciplinary logic is unan-
imous, a logic which prefers the system, the holistic approach. We have still a 
long way to go. As Farinelli says “ the distinction  between space and territory, 
subject and object, between human being and environment, have no value any-
more. There is an awareness of the total interrelation, result of globalization.” 
[5]. The paradox came from the assumption that the more we are forced to think 
in a global way the more local economies and developments became strategic. 
The Strengthening of globalization and localization, as two sides of the same 
coin, is defining new social fabrics [6].

Rather than considering the option of adopting a technology that makes “smart” 
both city and territory, we need to find a system which supports communication 
between city and its own services [7]. The word “system” emphasize a larger 
concept where new technologies are at the same level of information (contents) 
and citizens who define and point out the purpose for which technology was 
made up.

Either a City or a Territory can be considered as an autonomous System, made 
of infrastructure, natural morphological elements as well as people [6]. Speak-
ing of a smart cities means speaking of knowledge and communication. It in-
volves going through the theme of the vision in a city where the citizen has the 
greatest value: the citizen belongs to a community an integrated communica-
tion between citizens and administrators where be found. This allows us to get 
back to the idea of Public Commodity, digital and physical. The sharing space 
made up of streets, sidewalks, public areas and squares, is the outcome of all 
these procedures. From an architectural point of view, we are always planning 
the real, although this real is shaped through the empty space that is close to it. 
These forgotten and underrated areas, are undergoing a revaluation, because, 
among the other things, the opportunity to turn these places into vital areas, is 
shown by the willing of the community to live in such areas. In fact the insur-
ance policy, the urban and social decline, are making these areas the perfect spot 
to show up and hurt our society. Public Authorities that are supposed to look 
after these areas, do not have availability of proper resources; above all is no 
longer the time for the Public Authority to replace the responsibility of citizens 
who recognize themselves as members of a community, a city or a neighbor-
hood. Public space belongs to everyone: this  does not mean that it belongs to 
no one or to an anonymous Administrative Body. Looking it after means, in-
stead holding the hand, protecting, taking care, living a place. Experiencing an 
ordinary maintenance acted by citizens, is not only a real opportunity, but it is 
also a wish.

This real physical space is balanced by another set of digital space, made out of 
shared contents that are able to generate data, information, shared knowledge, 
services.

Nevertheless there is a disarticulation among the digital content, mainly in the 
public governance field. The exponential development of technological oppor-
tunities together with the difficulty of following through projects that came out 
of the high spheres of the Public Authority, led us to discredit PA as official 
data supplier. The speed at which such data is generated from the bottom, has 
discredited the outcome at the top. In particular, it happens in the case of geo-
graphical data. The cooperative ability to create data, point out or look after the 
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territory, is way higher than the Public Authority ability; indeed PA should pro-
mote the participation of citizens, defining the purpose of every single action, a 
renovation of the role of PA in the framework of a cooperation between citizens 
and administration.

This is the “Talk-Back City” theme, where data integration offers several ad-
vantages, in addition to  the fundamental assets such as the digital knowledge of 
urban infrastructures. Michael Bloomberg, New York City mayor between 2001 
and 2012, said : ”There’s no better way to save the life of billions of people than 
improve operations in the cities. For the first time in human history the majority 
of people is now living in cities. In 2050 it will be the 75%.As long as more 
people are moving to cities, more challenges and more solutions will be right 
there.

The rise of the cities is matching with the technological revolution that is stim-
ulating local administrators to find innovative solutions to improve public ser-
vices. The inner centre of this devolution is our ability to use data and enhance 
the quality of services provided by the government. Governments have been 
using registries for a long time and are increasingly using records to get better 
for everything: from the educational emergency to transports” [8]
Arise the need to build up a platform open to knowledge and cooperation, a real 
digital infrastructure.

Back in 1994, President Clinton introduced a new concept into the Public Sys-
tem: the Spatial data infrastructure (Sdi).This concept has been continued in 
Europe with the directive Inspire (2007, Infrastructure for spatial information 
in the European community) and there are at least 150 SDI initiatives so far 
(among these GSDI, GEOSS, UK location strategy, ecc.) recorded in literature 
[9].

There is no service without the support of the network logic. For this reason, 
today the cornerstone of all the services is the asset of infrastructure that have 
already been set up. Any other future social or economical development within 
territory, can not ignore the ability to control these networks, to support them 
and to make them more integrated and efficient.

Building digital infrastructures (a collection of  geographical data, statistics, 
administrative data for the government and functional to the territory manage-
ment) is recognized as a fundamental process by several nations. Geographical 
information can be regarded “as a resource, a commodity, an asset and an in-
fra¬structure” [11], [7]. ”Resource” because information can be considered in 
the same way as other production elements (soil, labor, assets). A “Commodity” 
can be produced and traded according to the market rules, unless you consider 
that information (intangible commodity par excellence) can be duplicated and 
sold endless time. A wealth, an asset for the entire population [12].

At the same time it seems to be clear that the availability deriving from open 
data, IoT, VGI (Volunteered geographic information), Public Service, sensor 
web, web 2, sharing agreement among the subject involved, do not implies as 
much a top down schema in which several subject comply and provide data 
based on shared national and regional standard (intesa GIS, CAD, ecc.), but 
rather a federal data base intended as a framework to establish public-private 
partnerships.

A new SDI generation within are integrated heterogeneous geospatial data. 
Based on the above considerations the “Data Strategy Department” of a Consor-
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tium of 23 municipalities, named Con.AMI, gave birth to a new process: pro-
ceed with the attempt to value intangible assets such as data, and in the mean-
time integrate the knowledge ( both public and private) with a smart approach in 
order to enhance the competitiveness in a Smart Data based territory.

 

Picture 1. Implied areas in the administration - citizen relation

2. Digital ecosystem: Data Strategy

The Data Strategy project is an informative and services infrastructure aimed at 
provinding a useful tool supporting both understanding and decision making . 
In this sense, the potentiality coming from having such an infrastructure, is the 
opportunity to manage the development of a territory according to a dynamic 
approach thus making competitive the territorial system. 
According to these purposes and objectives, comes to light that the issue is 
not specifically tied either to an application or to a visualizer; the problems the 
acquisition and creation o fan infrastructural data system over and under the 
ground, highly interrelated, that can be completed thanks to the regional topo-
graphic database and thanks to what is now developed by Regions and Munici-
palities: a Smart Data as infrastructure for the city [14].

 

Picture 2. under development an developed sectors (orange), sector to be develop (yel-
low)
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A smart reading and synthesis ability such as the one wanted by the Consortium, 
directed to be an active Entity with the ability to aggregate the territory in the 
field of innovation, supporting services, with strategic solutions, for the munici-
palities that otherwise would not be able to endow themselves.

Moreover  there is must be highlighted that the deadlines of  such an infrastruc-
ture must undergo several steps of implementation and different timing related 
to specific necessity ( think about the Gas or the Road Cadastre, exec). Once 
the objective and the purpose are defined, it comes up that the different project 
as seen before, need to be actuated in different phases as well as in a farsighted 
point of view. This aspect can become real tank to the creation of specific inte-
grated database, aware of their own peculiarities and of the specific properties 
of their own entities. A Gas System is not the Water System nor an Optic Fiber 
System, therefore is not possible to adopt the same rules or the same database to 
manage and plan such different networks. The acquirement of a single segment 
of the infrastructure not only gives a rough view in terms of substance and val-
ue, but also is not satisfying the objective that this project is aiming to. 
Visualizing  will not be able to satisfy the necessities of the single department 
that needs specific tools respecting laws and the trading format related to the 
variety of the network, making the project lose its own profile since it would be 
developed in other territories with little success.

The process behind the change and a project like the one shown above, need 
first to strengthen the cooperation among the different subjects involved, espe-
cially Public Authority and services Operators. Without this Private-Public syn-
ergy, such a project  will not be able to increase its systematic component and  
will not be able to purvey itself. 

The project wants to create a system of database with geographical-referenced 
data, finding right there an outright asset with an added value for all local au-
thorities and local producers.

Being a huge area of interest, the wish was to start a path whose initial part was 
addressed to all the available resources related to essential and specific cartogra-
phy, technological networks, urban infrastructures ( viability and Public Green) .
The project is structured into three sections: one is related to information, one 
is for the definition of new rules and trading agreements, one is addressing the 
tools supporting decisions. 

The database related to a territory spared over two Regions (Emilia Romagna, 
Tuscany), has seen the upload of all the webmapping and open data services, 
referring to basic cartography (OSM, Google, Ortofoto and satellite images, 
land use, geological and lithological, parks, protected areas, street guides). In 
addition, we can count on other informative levels as result of the deal with 
head departments and other Public Authorities sharing data related to viability, 
under/over ground networks; furthermore  we are aware of all the specific bonds 
that are connected with the territory, together with any specific agreement oper-
ating with businesses that joined the project. We have now availability of all the 
telecommunication infrastructures, Gas networks, Street lighting combined with 
Green, Streets, Reports, exc. The access to data is ruled by positions and rights. 
The different subjects and Authorities subscribe an agreement that explains and 
protect the liability and the source of the data. The deduced value is a wide-
spread knowledge and then the ability to create a service. An example of such a 
situation is the Authority managing the Public Wealth that activates the workers 
communication systems relying on the infrastructure.
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Or the chance for  Public Institutions to access, in an easy and comprehen-
sive way, to the cadastral data in order to organize it in different database. The 
communication manager, thanks to that infrastructure, will be able to know the 
bonds, easements and building projects of its own network.
There are several interchange examples and they all lead to changes in the or-
ganization, helping to remove hierarchical bureaucratic structures in the Public 
system. Sharing data in a clear way and in order to make these data accessible to 
all citizens, is renovating the Administration and the concept of City its self.
The tools that are supporting a decision, facilitate the read, coordination and 
integration of the wide set of information available. They are not the planner or 
the developer, but they support them through the ability risen from the improve-
ment of the cognitive infrastructure.

Figure 3. Browsing interface based on CityOMNIS™ about informative availability.

 

Picture 4. Reference scheme about the usabiliity among different actors.
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Picture 5. Example of advanced analysis used to understand different impact and 
fenomena.
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ABSTRACT

Digital processes mediate our experience of daily life, the public sphere and 
ourselves. Personal information is daily processed in increasingly innovative 
ways, where intelligent decisions are being made in real-time based on ag-
gregate data across devices scattered through our lives and environment. This 
paper proposes policy directives whereby urban planners can mitigate complex 
stakeholder interests in IoT to maximize public benefit, what is referred to as a 
“digital planning practice”. As IoT engages big players in industry, government 
as well as the citizen body, the effects of which play out in the public sphere, 
understanding the potential impacts of IoT development in cities is integral to 
the role of planners today. 

A digital planning practice entails mediations between IoT stakeholders (iden-
tified as the military, private corporations and activist/artist communities) to 
arrive at solutions that improve the condition and experience of the city-- as 
analogous to spatial practice. Three typologies of digitally-mediated spaces 
are examined: Body Space, Public Space and Software Space, for relationships 
between emerging technology, IoT stakeholder interests, and effects of these 
dynamics on the nature and use of public spaces. It is concluded that digital-
ly-mediated planning must 1) survey and identify “digital risk areas” based 
on a typological framework, 2) improve municipal understanding of embedded 
software and enhance transparency in public-private partnerships, and 3) pre-
emptively protect citizen data privacy by designing programs supporting artists 
and activists to critique or innovate emerging applications of IoT technology.

 

Planning for Digitally-Mediated Public Space
Policy Implications for Internet of Things Frameworks 
in Urban Environments
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Introduction

In “That Internet of Things Thing” Kevin Ashton mourned the limitations of 
computers that merely process and record human-entered data: “our computers 
know more about ideas than about things…” Ashton claimed, “…we need to 
empower computers with their own means of gathering information (Ashton, 
2009).” Intelligent data processing is a current reality of the software architec-
tures that have integrated themselves into our social, professional and urban 
lives. Despite its futuristic name, a consumer grade “Internet of Things” is a 
contemporary reality. Electronic sensors are ubiquitous in our homes, electric 
systems, fitness monitors, workplaces and health-care devices (Peppet, 2011). 
Indeed, the proliferation of sensors that capture and process real-time data 
across healthcare, infrastructure, transportation and media industries stands to 
improve social welfare (Peppet 2011), reduce operational costs (Ashton, 2009), 
and curtail excess waste (Ratti, 2009). However, the ubiquitous deployment of 
sensor technology in our physical environment raises important questions about 
data privacy and security, as well as the societal impacts of this new technolo-
gy. The objective of this report is to provide the reader with an overview of the 
technology, power structures and stakeholders related to IoT integration in the 
urban environment, and suggest pre-emptive policy directives that mitigate risks 
associated with IoT in order to capture latent opportunities presented by this 
emerging technology.

The IoT framework proposes to collect information from sensors scattered 
throughout a physical environment (perhaps even regardless of existing munic-
ipal boundaries or political borders), resulting in an “Information Marketplace 
(Hall, 1997), from which data is gathered and processed to generate real-time 
decision making recommendations to end users or other authorities. In some 
cases, this decision-making can be automated as information is relayed to 
centralized authorities or end users (as in the case of Participatory Sensing, 
(Kuznetsoy, 2000).  The ambiguity and lack of structure behind how public data 
is processed in the IoT framework calls for an examination of system vulnera-
bilities particularly regarding data security and privacy. 

Architects and planners have long been concerned about the effects of IoT on 
public space and urban development, as evident through ongoing debates during 
the late 1900s and 2000s about whether digital communications would render 
space and proximity irrelevant (Townshend, 2003). Clearly, the dissemination 
of enhanced communications technologies failed to kill cities. Today, architects 
and planners alike envision a “sentient city” condition that transforms the public 
sphere into an intelligent entity processing information on behalf of its constitu-
ents to improve efficiency of public services. IoT therefore has a distinct spatial 
application: the processing of sensory information embedded in our devices, en-
vironment and infrastructure changes our experience of these constructs in real 
time. A core finding of this report is that methods by which IoT-generated data 
is collected and processed for decision-making affect the end-user experience of 
urban systems in turn shaping the nature of the public sphere.

Section 1 surveys a rich body of literature across computer science, geographic 
studies, architecture and planning to illustrate the impact of IoT on public space. 
Section 2 examines the political structures behind IoT decision-making frame-
works at the human, street-level and municipal scale. Section 3 infers policy 
directives for urban planners, and advocates that planners incorporate digital 
urban infrastructures into their regulatory duties.  
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1. IoT as an Urban Condition
1.1 Historic Conceptualizations of IoT and Cities

IoT is often represented in the literature as a distinctly urban condition. This is 
in part due to the infrastructural constraints from which IoT emerged: broad-
band connectivity, availability of sensor-equipped consumer devices, and 
the presence of high-density public infrastructure such as transportation or 
waste-management systems. A long lineage of conceptual brands for smart 
cities reflects evolving attempts to classify the relationship between the urban 
condition and ICT infrastructure. The result is a rich body of academic litera-
ture depicting the “sentient city,” “technicity”, “ubicity”, “living city”, and the 
ever popular “smart city .” Arguably, “sentient city” is the most applicable and 
intentional of these terms. As applied to cities, “sentience” refers to the ‘ability 
to feel or perceive subjectively, and does not necessarily include the faculty of 
awareness (Shephard, 2011).’ The emphasis on subjectivity suggests that data 
streams generated in IoT are not purely fact gathering, but imply a degree of 
data processing and reflective action. 

The discourse on public space has shifted from a discussion of norms and val-
ues to deducing topologies of networked information systems and their inter-
section with socio-spatial practices of daily life (Shephard, 2011). The role of 
information as a catalyst of the public sphere is historically evident in the works 
of Jurgen Habermas. In The Structural Transformation of the Public Sphere, 
Habermas notes the intersection between information technology, public space 
and collective society in his description of 18th century coffee houses. Here, 
newspapers were read aloud in a public space sparking public debate. In Haber-
mas’s view, the public sphere emerged temporally as a localized event in which 
people gathered around an information resource. This physical model of the 
public sphere--- the physical use of space for the purpose of building communi-
ty--- is what urban planners and architects traditionally and consistently design 
and appropriate funding for. However as mediums of communication shift dra-
matically from centralized resources like the printing press to personalized, net-
worked and distributed devices, the traditional model of public space and sphere 
is rendered increasingly obsolete (Townshend, 2003). 

Recent scholarship sparks debate around how dissemination of IoT will change 
our experience of each other, our environment and ourselves. At the center of 
this debate is how the wealth of data generated by IoT will be processed for the 
purpose of decision-making. As De Waal identifies, decisions regarding which 
data to collect, which to ignore and how to classify it is a “highly political 
choice,” (De Waal, 2011). The politics of data processing are evident at three 
scales that affect the urban environment: the consumer, the street-scale built en-
vironment and the metropolitan or regional geopolitical landscape. 

2. The Politics of Data Processing
2.1 Human Scale

Perhaps the most pervasive example of how data processing structures affect 
consumers in the IoT is the wearables industry. Data processing frameworks 
described by wearables engineers demonstrate processing functions that move 
beyond data acquisition and classification (Gubbi 2010, Karimi 2013). These 
frameworks showcase processes for combining data from multiple devices 
or sensors to generate higher order inferences, otherwise known as “sensor 
fusion,” (Valenzuela, 2014). Sensor fusion enables “context awareness” of a 
device by leveraging a microcontroller (small CPU) to fuse individual data 
collected from multiple sensors to paint a more accurate and reliable picture 
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of the user’s context than any individual sensor could alone (Karimi, 2013). 
Research demonstrates that only five types of sensors at minimum are needed 
to infer emotional states of users: muscle relaxation via a pressure sensor, heart 
rate variability via electrodes, perspiration via a capacitive sensor, attitude 
via an accelerometer and muscle contraction via a pressure sensor (Karimi, 
2013). The inference of current and future emotional state of the user is called 
“emotive computing”, which can be distinguished by local and remote emotive 
computing, where local emotive computing is contained within the device, ver-
sus processed remotely in the cloud (Karimi, 2013). This represents a possible 
encroachment on data privacy and a serious challenge for IoT regulation. Cur-
rently, the FCC restricts the categorization of personally identifiable information 
(PII) to a combination of an individual’s social security number with a shortlist 
of commonly recognizable data, such as a credit card or driver’s license num-
ber. The FCC provides no standards for biometric data, let alone open-source 
sensor data that yield unforeseen and uncategorized combinations of tertiary 
information (Peppet, 2013). Furthermore, there are few studies that demonstrate 
the emotional and behavioral impact wearables have when providing real-time 
feedback to users.

2.2 The Street-Scale

We are currently immersed in the Internet of Things (Peppet, 2013).  Identify-
ing the effects of software structures on street-scale life and public space is an 
emerging area of Geographic Studies scholarship. Kitchin and Dodge argue the 
form and nature of code generates typologies for how software is effects daily 
life. “Code” in Kitchin and Dodge’s terminology is characterized as 1) hardcod-
ed applications with limited or no programmability, 2) specialized applications 
such as traffic management, banking software or word-processing, and 3) op-
erating systems. Code runs on hardware that generates, distributes, monitors, 
controls or exchanges data across infrastructures (such as printed circuit boards 
or fiberoptic cables) using a variety of forms, electric, light or radio (Kitchin & 
Dodge, 2011). Consequentially code is embedded in daily life in four key ways: 
as coded objects (non-networked), coded infrastructure (networks of coded ob-
jects), coded processes (transaction of digital data across coded infrastructure), 
and coded assemblages (the convergence of several coded processes to achieve 
an outcome). 

Kitchin and Dodge demonstrate how these forms of code are embedded into 
systems that regulate the workplace, transportation, financial structures, grocery 
stores and other domains of public life to produce three types of code-mediated 
spaces. 

These spaces are essentially characterized by the degree to which they rely on 
code to function. The first typology emerges where code produces an effect on 
the environment, which cannot occur without the code. For example, a grocery 
store fails to be a place where items can be bought if the coding structures that 
enable the cash-register to function fail (Kitchin & Dodge, 2011). It instead, is 
transformed into a temporary storage space. The second typology represents an 
environment where code is not necessarily required for the functional use of the 
space. For example, a public park continues to operate whether or not surveil-
lance cameras are operational. The third space is one where code is latently ac-
tivated, in which case it transforms the use of the space. For example, the pres-
ence of water and electricity are not always engaged in an apartment, however 
code is activated upon their use as utilities. 
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2.3 The Metropolitan and Regional Scale

IoT mediates decision-making in politically visible ways at the metropolitan 
and regional scale. Graham famously refers to this as “software-sorted geogra-
phies,” where the development of automated algorithms embedded in regional 
infrastructure and planning tools in turn shape the development and experience 
of the city (Graham, 2005). By examining the spatial politics of code, Graham 
argues that software-sorting occurs in three key domains. First, via the software 
and tools that is used to produce city-form (Geographic Information Systems, or 
open-data design environments such as Grasshopper). 

The algorithms embedded in these programs generate self-referential results, 
based on pre-determined models. These algorithms are often mistaken for real-
ity, while they do impact targeted investments, zoning and land use decisions. 
When made publicly accessible through participatory processes, GIS may re-
inforce lifestyle choices that homogenize neighborhoods (Graham and Marvin, 
2001). Graham also refers to software sorted physical and electronic mobility 
systems (airports, real-time road pricing, internet traffic and call centers). Em-
bedded algorithms in these systems result in discrimination via racial or eco-
nomic profiling, and behavior modification in service of political objectives 
(Graham, 2005). 

Finally, surveillance cameras in a networked IoT framework search for aberra-
tion narrowly defined by the powers-at-be in ways that may or may not be justi-
fied, or consented to by the public. The result of this is a mediation of personal 
behavior, affecting our relations and activities in public spaces.

2.4 Conclusions

Digital processes clearly mediate our experience of daily life, the public sphere 
and ourselves. Personal data is likely to be processed in new and more inno-
vative ways, where intelligent decisions are being made in real-time based on 
aggregate data across devices scattered through our lives and environment.  Our 
digitally mediated experience of daily life will likely continue to evolve in com-
plexity alongside growing computational power and innovations in software 
management of services in the financial, utilities, and service sectors. If left 
unchecked, latent power structures behind these software-mediated systems will 
increasingly determine our experiences in contested public spaces, rendering 
discrimination practices nearly invisible. 

A “digital planning practice” would entail mediations between IoT stakeholders 
to arrive at solutions that improve the condition and experience of the city---
as analogous to spatial practice. The final section proposes policy directions 
whereby urban planners can mitigate these interests to the benefit of the public. 

3.   Policy Implications for Planners
3.1 Key Policy Directives

Urban planners are concerned foremost with the quality of urban life in cities, 
as well as economic and cultural development. As IoT engages big players in 
industry, government as well as the citizen body, all of which plays out in the 
public sphere, understanding the potential impacts of IoT development in cities 
is integral to the role of planners today. The three policy directives discussed 
below identify opportunities for collaboration between cities and IoT stakehold-
ers across three types of digitally-mediated spaces: Body Space, Public Space 
and Software Space. 
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3.1.1 Body Space

Key Directive: Preemptively protect citizen data privacy by designing programs 
supporting artists to critique or innovate emerging applications of IoT technolo-
gy.

Sensor Fusion is an emerging technology whereby information from multiple 
sensors is combined to produce higher-order knowledge about the user and pro-
mote the device’s “context awareness.” One potential role of planners is to mit-
igate the contextual awareness condition that occurs between consumer devices 
and municipally installed sensors, pending the development of an integrated 
platform that enables exchange of information between these devices. While en-
vironmental sensors on public transportation or street light systems may detect 
the presence of a person, they may also be able to identify the individual based 
on communications from the user’s wearables or smart-phone device. Planners 
could consider how to protect PII data, emerging from unrestricted communica-
tions between municipally deployed and commercial grade sensors. As planners 
in general possess little knowledge regarding emerging technologies that define 
this technological domain, collaboration with technicians as well as artists and 
activists is a viable option. By designing programs that facilitate public art proj-
ects using technology, municipal authorities may glean key insight into novel 
implications of emerging, innovative technology.

3.1.2 Public Space

Key Directive: Survey and identify “digital risk areas” based on a typological 
framework.

Digital communications networks alter our perceptions and use of public space. 
As IoT technologies impact the provision of services in a variety of sectors 
ranging from banking to waste-management, it can be difficult to identify how 
public space has been mediated by these technologies, even more so to evaluate 
their effects.  Kitchin and Dodge provide a preliminary framework for how to 
categorize digitally-mediated space; where typologies are based on the degree to 
which a space can or cannot function (or changes function) without IoT. 

Such a mapping implicitly locates areas highly vulnerable to cybersecurity at-
tacks or electricity failures, as the space’s function or use is compromised by 
the absence of IoT. Urban planners often map “risk zones” in terms of environ-
mental hazards--- why not include digital vulnerabilities as well? Ultimately, the 
securitization of IoT infrastructure is important to both urban planners and the 
US Military. Current DARPA research agendas include designing systems that 
protect IoT infrastructure from security vulnerabilities.  

A survey of digital “risk” areas should be a key policy directive of cities em-
bracing ICT infrastructure. This in turn may provide opportunities for military 
testing of securitization technology in localized areas, in turn promoting trans-
parency and collaboration between municipal authorities and the federal gov-
ernment.

3.1.3 Software Space

Policy Directive: Improve municipal understanding of embedded software and 
enhance transparency in public-private partnerships.
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Graham showcases how discrimination occurs either directly or indirectly as a 
result of embedded software algorithms that automate decision-making feed-
back loops in both public infrastructure and geographic information systems 
software. Software development for public infrastructure is almost always out-
sourced to third-party contractors in the private sector. In most cases, planners 
implement these systems without evaluating the algorithms implicit within 
them. Increasing planner knowledge of IoT, as well as improving transparency 
in corporate partnerships can help ameliorate risks of discrimination to the citi-
zen body. This is particularly recommended for cities adopting “u-city” models 
in corporate partnership with organizations like Cisco or IBM. As the Busan 
case study illustrates, education of municipal planners and authorities regarding 
the implicit software behind IoT infrastructure is key to understanding the social 
impacts of infrastructure beyond the scope of user or system-wide efficiency. 

4. Conclusion

The exchange of information between people is at the center of some of the ear-
liest academic discussions about public space. Habermas and Simmel point to 
examples of how public space fosters the public sphere, which is arguably one 
of the core sustaining factors of cities. IoT increasingly mediates this experience 
of space and quality of life in cities, as well as our own self-awareness. Recent 
studies demonstrate how the software that defines IoT frameworks affects our 
use of physical space in urban contexts. 

Kitchin and Dodge formulate three typologies of software-mediated spaces that 
emerge from IoT, characterized by the degree to which they are dependent on 
code for their functionality. Their work is a foundation for identifying salient re-
lationships between digital and physical environments.  Graham brings Kitchin 
& Dodge’s findings to the municipal scale, tracing how embedded algorithms 
in urban-scale infrastructure can foster cycles of discrimination and homoge-
nization. It is no longer deniable that IoT and digital technology have a visible 
impact on public space.

IoT applications are especially prevalent in the commercial, military and arts 
sectors. Stakeholders in these domains envision different applications of IoT 
technology resulting in both compatible and conflicting products and motives. 
The public plays a different role in each of these cases, either as consumers, 
targets, or engaged participants. Depending on which use is dominant, the city 
itself is shaped, accordingly as billboard space, combat zone or experimental 
laboratory. 

All these uses, mediated by IoT can and do co-exist in cities. How planners me-
diate the digital use of cities, which has demonstrated such impact on the urban 
condition by leveraging the ambitions and abilities of its stakeholder system, is 
a key role concern for urban environments in the 21st century. 
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Abstract

In this paper I critically discuss two sides of an emerging discourse about the 
future of intelligent mobility on demand (MoD) systems. One side favors a cen-
tralized model of control in which an operator collects information from the 
network and enforces vehicles to reposition from full to empty stations. The oth-
er side favors a collective model of control in which a social mechanism
incentivizes users to rebalance the system. Using data from bike sharing systems 
I approach this topic from an agency design perspective, unpacking questions of 
dynamics, limits of efficiency, and economics. I conclude with observations that 
designers and planners of intelligent systems may find useful.

1. The vision of personal mobility

 “We are at the threshold of a new era of urban transport.”

 With this provocative statement and the grandiose title “Reinventing the Auto-
mobile”, Mitchell, Borroni-Bird, and Burns unravelled in their book a fascinat-
ing vision for urban mobility. Shared fleets of compact, robotic, electric vehi-
cles, placed strategically at networks of recharging stations, allow users to move 
in cities, ubiquitously, independently, and on demand. On top of this physical 
infrastructure, an intelligent layer of sensors, communication networks, and per-
sonal devices, enables users and (computer) operators to quickly locate vehicle 
and parking availability (figure 1).

By maintaining an optimum level of vehicles and parking spots at stations, the 
idea is that more citizens can commute with fewer vehicles allowing cities to 
reclaim back urban land (Mitchell et al., 2010).

The book, a culmination of a multi-year research collaboration between MIT 
and General Motors, was a political statement for a more democratic and com-

BEYOND THE SMART CITY: QUESTIONS OF 
AGENCY, GOVERNANCE, AND EFFICIENCY
IN SHARED MOBILITY SYSTEMS
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munal access to personal mobility. In public transit, others decide when, where, 
with whom, and how you travel. Schedules are inflexible, and service coverage 
is often inadequate. In MoD systems, however, citizens are those who decide 
when and where to pick up and drop off, as if vehicles were their own. Shared 
mobility was not a new concept. The first shared scheme appeared in 1965 
with Amsterdam’s White Bicycle (Witte Fietsen) and White Car (Witkar) plans 
(Bendixson and Richards, 1976). What made the book a novelty was the thesis 
that information, technology and operations, can jointly address the problem of 
commuting. Previous schemes were conceived for recreational mobility, a tiny 
portion of daily urban movement. By cleverly matching pickup and drop-off 
demand in dense urban centers, shared mobility could also serve the bulk of 
work-related trips, saving energy, capital, land, and greenhouse emissions. The 
argument was a criticism to the contemporary automobile’s over-engineering: 
“A typical American automobile weighs twenty times as much as its driver.
Although a comfortable chair occupies only about 10 square feet, a parked car 
generally uses up 200 square feet of valuable urban real estate. Furthermore it 
is parked about 80 percent of the time – not only taking up space that could be 
put to better use, but also costing money, consuming materials, and embodying 
energy. Although urban speed limits are usually set at 25 to 35 miles per
hour, it is engineered for a top speed of over a hundred miles per hour. Although 
urban trips are measured in miles or tens of miles, it has a 300-mile range. And, 
of course, it is powered by gasoline – a rapidly diminishing, non-renewable 
resource that arrives through increasingly problematic supply chains and emits 
greenhouse gases from the tailpipe” (Mitchell, 2009).

Figure 1 Mobility on Demand: shared fleets of electric foldable vehicles and networks 
of recharging stations

Mitchell knew that operations were the critical path to the success of this vision: 
“You don’t want all of the vehicles on one side of the city when all the demand 
is on the other.” He proposed novel technologies for efficiently rebalancing 
vehicles like self-driving cars that return to stations at nights, virtual towing 
of cascaded cars, and incentive mechanisms like dynamic pricing. He never, 
however, entered into the technoscientific details of operations: “It is not neces-
sary to invent from scratch strategies and algorithms for balancing supply and 
demand in MoD systems. The task is closely analogous to some well-known, 
extensively studied tasks such as airline fleet management, and delivery vehicle 
fleet management. There is a lot of existing theory, technology, and experience
to draw upon.” The MIT’s Smart Cities group conducted numerous studies on 
the amount of urban land that could be possibly saved by squeezing three City 
Cars –one of the vehicles that the group engineered– in each conventional park-
ing space. At that time, these studies were speculative, as data about how people 
would use such systems did not exist. Today, however, the widespread adoption 
of MoD systems has provided sufficient evidence to revisit these concepts in a 
more critical perspective.
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Figure 2 Witkar: Amsterdam’s self-driving electric car in 1969 (Bendixson and Rich-
ards, 1976).

2. MoD systems today 

The last decade has witnessed a boom in what is commonly known as on-de-
mand mobility. Bike share, the quintessential and most widely adopted MoD 
model today, mobilizes more than 6M daily trips in 950 cities while its industry 
nearly doubles biannually.

Even though bike share systems are thought as highly efficient ecologically 
friendly systems, in fact they are not. Behind the scenes, 30% of this trip vol-
ume is rebalanced each day through an army of trucks, gas, and employees 
who continuously move bikes from full to empty stations. Even though a truck 
moves up to 30 bikes simultaneously, rebalancing a bike costs 10 times its ride 
fare while each mile a bike travels, emits 0.242 Kg of CO2, about half as much 
as what a modern automobile emits. And even though, half users complain 
about bike or dock availability,1 bikes remain unutilized more than 95% of their 
time with daily ridership averaging 3 trips per bike in most cities – some cases 
dropping below 0.5 while only a handful reaching up to 8. In motorized vehicle 
sharing, these figures are dramatically worse.

Figure 3 Empty (left) and full (right) stations in New York City’s CitiBike 
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Proponents of shared mobility were quick to claim that these are perfor-
mance-related problems that intelligent technologies like smarter routing algo-
rithms and self-driving vehicles will diminish (DeMaio, 2009). For example a 
study from MIT found that if Singapore used self-driving robotic cars, capable 
of returning back to points of high demand, the city would need only a third of 
the total passenger’s vehicles (Spieser et al., 2014).2 Other experts argue that 
operational difficulties will mitigate, or even completely eliminate, by incentiv-
izing user behavior (Shaheen et al., 2010; DeMaio, 2009; Mitchell et al., 2010). 
A study in a pilot car-sharing system from University of California Riverside, 
found that incentivizing users to ride individually from full to empty stations 
while sharing rides from empty to full stations reduced rebalancing by 43% 
(Barth et al., 2003).

Figure 4 Trips per bike vs. station density in cities. Source: ITDP

Before addressing these claims, I shall first clarify that intelligence and perfor-
mance, are two different things. While intelligence refers to the effectiveness 
with which a MoD system rebalances vehicles to meet future demand (mea-
sured as the cost of rebalancing rate), performance refers to the effectiveness 
with which the system actually serves user demand (measured as the cost per
served trip). Thus, the question of whether an intelligent technology can suc-
cessfully provide personal mobility cuts down to whether the least-cost com-
bination of vehicles, parking land, and rebalancing work with that technology, 
can mobilize a pattern of trips more affordably than what the best alternative 
would (that is private automobile). This is known as the sizing and rebalancing 
problem. To put this question in a better perspective I will first describe the siz-
ing and rebalancing problem from a systemic standpoint, and then describe how 
different models of intelligence affect this relationship.

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // SHARE

1 During survey administered by the French company TNS Sofres, 48% of users in 
Velib, Paris, were unsatisfied with bike 
2 This assumes a maximum waiting time of 30 minutes during peak hours.



113

3. The sizing and rebalancing problem

Cities have diurnal cycles of spatiotemporal activities. During night time, urban 
population rests at households. During daytime, employed population stays 
at workplaces while the rest circulates throughout the city for other activities. 
Commuting patterns describe these palindromic population movements between 
residential areas (areas in which households dominate workplaces) and com-
mercial areas (areas in which workplaces dominate households). Macroscop-
ically, these population movements cause tidal patterns at inventory levels at 
stations. In the morning, bike levels lower at residential areas (ebb) and rise at 
commercial areas (flood); in the evening, as bikes return from commercial back 
to residential areas, the reverse pattern occurs (figure 5). The amplitudes of in-
ventory fluctuations indicate the minimum required capacity for accommodating
them.

Figure 5: Flood-ebb patterns of inventory levels between residential and commercial 
stations of Velib in Paris, France. Darker tones indicate stations with inventory levels 
below their mid-levels; lighter tones indicate stations with inventory levels above their 
mid-levels.

Land use patterns and urban form shape the commuting pattern in a city. Land 
use patterns by determining the mix of origins and destinations at stations; ur-
ban form by determining the density distribution of stations and consequently 
trip durations. Mixing and density determine when and where outflows (depar-
tures) and inflows (arrivals) of population occur and thus the dynamics of inven-
tory stocks: which stations, when, at what rate, and to what extent, fill with or 
empty from bikes (figure 6).
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Figure 6. Stock patterns as traces of urban form. 

The visualizations show inventory data from sixteen major cities. Red dots de-
note stations with inventory levels above the station’s mid-level while blue dots 
denote stations with inventory levels below the station’s mid-level. Some cities 
show highly clustered inventory patterns while others show more dispersed in-
ventory patterns.

At the city scale, daily population movements are balanced. If they were not, 
households would end the day with different inhabitants. Inside the MoD sys-
tem, however, inbound and outbound trip volumes are often unequal, creating 
uneven accumulations in the distribution of stocks. These imbalances are con-
sistent. Some stations always accumulate more bikes while others always de-
plete from bikes. Flow imbalances may be attributed to topography (stations at 
hills discourage riders to return bikes) but they may also be a result of inefficient 
capacity.3 As a consequence, the user-modified inventory patterns converge into 
four common types: residential patterns (concave) that end the day with a sur-
plus; residential patterns that end the day with a shortage; commercial patterns 
(convex) that end the day with a surplus; and commercial patterns that end the 
day with a shortage (figure 7).

The interaction of the four types of stations summarizes both problems of sizing 
and rebalancing in every system: no matter what the trip pattern, land uses, or 
network topology are, the majority of users always moves bikes from residential 
to commercial stations in the morning and from commercial to residential in 
the evening; no matter how imbalanced the trip pattern is, the majority of bikes 
always move from shortage to surplus stations; and no what the truck routing 
strategy is, trucks always return bikes from commercial to residential stations 
in the morning and from commercial to residential stations in the evening but 
pickup more bikes from surplus stations and drop-off more bikes at shortage 
stations. Note that beyond this minimum necessary rebalancing, sizing and re-
balancing are interdependent: all else equal, a marginal increase in rebalancing 
work will decrease the minimum required system size.
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3 A station for example, may tend to fill with or deplete from bikes more rapidly 
during one commuting peak than during the other. This could likely happen if 
the trip volume in one peak is distributed in a shorter time period than in the 
other, creating thus a higher spike that outperforms the ability of trucks to re-
plenish the station.

Figure 7. The four typical inventory patterns at stations. From top left to bottom right: 
Residential-Deficit; Residential-Surplus; Commercial-Deficit; Commercial-Surplus. The 
blue line with shaded are indicates the inventory level if no rebalancing occurred. The 
black line indicates the actual inventory as this was determined by the interaction of 
users  and trucks.

From a dynamics perspective, the paths that vehicles follow are unimportant. If 
two trips between a pair of stations take the same time, their effect on the sta-
tions is the same even if their routes are different. Likewise, locations, proxim-
ity, or contiguity of stations are irrelevant. A station in one part of the city may 
have similar pattern with a station in a remote part of the city, simply because
the land uses, population densities, and habits in both areas are similar. What 
is important from a dynamics perspective, however, is how trips translate into 
distributions of inflows and outflows at stations: their spatiotemporal correlation 
and the average time that takes the vehicular mass to transfer from one part of 
the city to another, determine which stations are sources and sinks and what 
portion of the vehicle stock remains in transit versus stationary at each moment. 
For this reason, movement dynamics can be studied macroscopically as a diffu-
sion process in which topology translates into time.

4. The question of designing intelligence

From an agency perspective, the design of intelligence cuts down to a simple 
question: Who makes decisions, who takes the actions (rebalances vehicles), 
and who evaluates the results? I organize all models of intelligence in two direc-
tions: enforced governance and self-governance.
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4.1. Enforced Governance

In enforced governance, a central agency collects information from the system, 
determines the best routes, and moves vehicles from full to empty stations (fig-
ure 8). The means with which this process is achieved may vary depending on 
technology. The agency may be a computer or a human operator; vehicles may 
be moved by a worker, may be towed by a truck, or they can drive themselves 
autonomously; and routes may be computed to minimize distance, time, or cost, 
and they can be predetermined or adjust dynamically to traffic.

Figure 8 Top: Inside the control room in Hubway, Boston’s bike share system. Bottom: A 
truck that rebalances bikes in Paris

The effectiveness of enforced governance depends on its algorithmic as well as 
its physical side. Algorithmically, optimal routing is a computationally intracta-
ble problem. We can assume, however, that vehicles somehow move optimally 
and study their dynamics. Physically, a number of constraints limit rebalancing 
rate: carrying capacity, traffic, lack of parking space, loading time, and the op-
erational time window. Thus, even if the algorithmic aspect of intelligence were 
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4 Taking into account the average lease of a sprinter truck (800 USD/month), the aver-
age wage of an 8hr work shift (120 USD/day), gas costs (20 USD/work shift), and com-
munication costs (1,000 USD/month), a truck that operates on 2 work shifts (16 hours) 
with 2 workers per work shift costs 580 USD per day (amounts based on a discussion 
with Scott Mullen, director of Hubway, on May 29 2013). 
5 The amortized cost of one bike with two docks (5,0000 USD) rounds up to 166 USD 
per month or 5.5 USD per day. This is calculated as follows: The recent business plan 
of Philadelphia uses an average capital cost of 5,000 USD for each bike with two docks. 
The annual cash flow of an annuity of 10 years with a net present value (NPV) of 5,000 
USD and a 15 percent interest rate is 1,000 USD per year. Adding an annual mainte-
nance cost of 1,000 USD this is equivalent to an amortized cost of 2,000 USD per year, 
166 USD per month, or 5.5 USD per day.
See also http://bikesharephiladelphia.org/PhilaStudy/CompleteBusinessPlan.pdf.
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perfect, its execution would be the weakest link that defines performance. A 
truck that carries 25 bikes needs 20 minutes to visit a station, load, and unload. 
Considering that half trips are empty as trucks move from empty to full stations, 
a truck can maximally reposition 720 bikes per day at a cost of 580 USD.4 To 
put this in a perspective, if a system has a daily utilization of 4.4 trips per bike,
moving an empty bike costs at minimum the same as riding it.5 In practice, it 
often costs more than triple, since trucks rebalance on average only 200 bikes 
each, per day (figure 9).

It is hard to imagine a technology that can outperform this rate in a more effec-
tive way. A selfdriving vehicle moves itself empty at the same marginal cost 
as with a passenger (by definition). In addition, the higher the rebalancing rate, 
the larger the stock of vehicles cruising empty in streets, increasing congestion, 
energy consumption, and environmental impact. Since driverless vehicles still 
take time to move from full to empty locations, a MoD system able to rebalance 
100% of its trip volume would increase traffic with empty vehicles

Figure 9 Bike stock in trucks in Hubway, Boston’s bike share system, during different 
days in June 2013 (10-minute intervals). Hubway operated 2 trucks with 25 slots each 
during that month.
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4.2. Self-governance

In self-governance, a social mechanism incentivizes selfish users to rebalance 
the system while disincentivizing them from unbalancing it. Although various 
mechanisms may be devised they all have in common (a) a currency that quan-
tifies the incentive and (b) a diversification of its evaluation among users. Cur-
rencies may take multiple forms: coupons, monetary values, time extensions, 
credits, etc. For simplicity, we can refer to them as prices, and we can normalize 
their values around their mean, so that trips from full to empty stations are ex-
pensive (positive prices) while trips the other way around are rewarding (nega-
tive prices). A system thus self-balances by circulating wealth from users will-
ing to pay to save time to those willing to profit from spare time.
The pricing problem concentrates on guaranteeing that revenues from penalized 
(taxed) trips pay costs for rewarded (subsidized) trips with the objective to max-
imize ridership. Although I will not discuss the technical aspects of designing 
mechanisms (I discuss one here: Papanikolaou, 2011), we can assume that such 
mechanism exists and study its equilibrium.

We can define the utility of a trip as the cost savings from using a MoD system 
instead of the best alternative. The total cost from using MoD consists of (1) the 
price from the origin to the drop-off station with MoD, (2) the price from the 
drop-off station to the final destination with the substitute (e.g. bus, taxi, walk-
ing, etc.), and (3) the total incurred time costs (figure 10). On the other hand,
the cost spent on the best alternative is the price from origin to destination plus 
the incurred time costs. The higher the cost of time of a user the higher the 
price they are willing to pay to minimize their total commuting time assuming 
of course that traveling with MoD is faster than traveling with the alternative. 
Thus, users with high cost of time are willing to pay higher prices to minimize 
their total commuting time, while users with low cost of time are willing to 
spend more time in commuting for a better price.

Figure 10 User decision making. In equilibrium payoffs from OD should equal payoffs 
from OQ plus QD

Urban Economic theory shows that users with sufficient information make de-
cisions that minimize their time-adjusted commuting costs bringing the system 
in an equilibrium state, in which no further action can be taken to increase any-
one’s payoffs (Pareto optimality). Such equilibrium would be characterized by 
three conditions: First, the daily inbound and outbound volumes are balanced. 
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Second, the wealth that high-paying users pay the MoD system to go to their 
most preferred destinations equals the wealth that the MoD system pays the re-
warded users to go to their least preferred destinations (because they rebalance 
the system). Third, the wealth that each of the high-paying and low-paying users 
pay (or receive from) the MoD system to go to their chosen drop-off locations 
equals the wealth they pay the substitute mode to go from their drop-off loca-
tions to their final destinations plus their total incurred time costs. This wealth 
is marginally equal to the wealth that each of the high-paying and low-paying 
users would otherwise pay to go to their final destinations directly using the 
substitute (e.g. by not using the MoD system at all) plus their total incurred time 
costs (figure 11).

Figure 11 The flow of vehicles and wealth among high-payers and low-payers in a self-
governed MoD system. High-payers pay low-payers who in turn pay the substitute to 
rebalance vehicles.

Therefore the distribution of the personal cost of time on the population of com-
muters, the difference in commuting speeds between the MoD and the substi-
tute, and the difference in their fares, determine the theoretical performance of a 
self-governed MoD system and the likelihood that some commuters will buy the 
time of others.

5. Discussion: beyond the “Smart City” vision

My purpose in this article was to critically discuss the limits of intelligent 
behavior in MoD systems. I explained how performance relates to user trip 
pattern, system size, and rebalancing, and I furthermore illustrated how two 
radically different models of intelligence –enforced governance and self-gover-
nance– affect this relationship. I conclude with several points: (1) urban intelli-
gence can be as effective as the spatial organization it serves. Limits imposed by 
physical constraints exceed those imposed by computational constraints. Thus 
it is more impactful to design urban space effectively than controlling it techno-
logically. (2) Designing intelligent infrastructures is not a question of resource 
accessibility but rather a question of resource allocation. In commons of limited 
resources, selfish behavior may cause the entire ecosystem to collapse. (3) Effi-
cient resource allocation is impossible via centralized models of control for that 
it implies that a central agency knows the personal evaluations of users. Social 
mechanisms can overcome this.
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Why is this discourse important to Architecture? We are witnessing a transition 
from a technocratic model of urban intelligence, in which computers command 
and control, to an anthropocentric one, in which coordination emerges as a col-
lective interaction of human responses to goals of common interest. In this new 
model, technology becomes a medium while design the subject of intelligence.
A pedagogical question now rises. What kind of disciplinary knowledge do we 
need to design and study such environments? I would argue that designing col-
lective intelligence encompasses three levels: technical (sensing, distribution, 
computation, and processing of information), behavioral (human perception, in-
terface, and decision-making), and systemic (dynamics, stability, sustainability). 
I advocate a reflective practitioner’s standpoint (Schön, 1978) through which the
design, building, and analysis of abstract immersive strategic games serves as 
pedagogical instruments to inquiry and test hypotheses of new models of archi-
tectural intelligence.
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Abstract: 

Sewage treatment centers are far away from urban life, for cleaning the increas-
ing demand of used drinking water, which can not be shared and participated by 
public and constantly are growing to satisfy more water consumption’s desire. 
Rather than overthrowing the existing unidirectional flow of water application 
and treatment the paper aims to provide the alternative “Porosity Urbanism” 
that acknowledges constructive elements within both water use and treatment 
process already designed by modern power, also to identify the innovative 
potential fragmented urban elements can co-work with creative water events 
within its flowing process in multiple clean class(new way to consider critical 
regionalism), for inorganic/organic things’s internal and latent involvement 
and collaboration’s re-creation—- a new reciprocal urban network(Pre-Con-
struct)—-in order to further design the autonomous urban territory having its 
own “water ideology” to act as the cybernetic urban miniature that interacts/
adapts with the lager urban system whole it inlays(Post-Construct). Then paper 
illustrates the alternative porous purification facility of grey water transforms 
10624 m3 of grey water per day collected from the school’s neighborhood to the 
water resource for the same community’s urban farming activities, linking urban 
infrastructure with local community. 

1.Paper manifesto

This paper is a design research project that experiments on material perfor-
mance & effect and material flow as the core of both architectural and urban 
design.The term “material” here is not its traditional concept of shaped matters 
for construction or decoration from the industrial mass production process that 
is unilateral transfer of energy,but rather understood as a new ethic of design to-
wards the exploration of the immanence of architectural and urban practice that 
is about how to re-create each substances’ reciprocal relationship based on their 
material effect and performance.This type of material experimentation in both 

POROSITY URBANISM: 
DESIGN PROPOSAL OF DECENTRALIZED SEWAGE TREAT-
MENT FACILITY FOR URBAN FARMING COMMUNITY
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architectural and urban practice does not work primarily with images or mean-
ing,or even with objects,but with performance:energy inputs and outputs,the 
calibration of force and resistance(Stan,1999). 

The city we are living in is the chronological accumulation of urban elements 
that are produced from the random desires of capitalism and state’s power. 
Modern power technology and ideology who promotes unidirectional flow of 
materials for urban desire construction finally have become the crisis of both 
modernity and city, which urban issues and fragmented urban living realities are 
constantly generated by each of its isolated urban system. It’s like the existence 
of each of these system is for solving another one’s mistakes. They don’t work 
as reciprocal network just as ecosystem does. 

Porosity is necessary for finding these fragmented realities’ affinities and in-
volvement at their critical boundary condition for re-creating their new co-
operating motivation and network to become the driving force of an artificial 
ecology, while at the same time porosity is also potentially gonna be the formal 
organization for spatializing and materializing the re-created material mode. 

With this idea in mind, a new urban invention for sewage treatment based on the 
existing isolated urban elements around water treatment process is re-created.
This new territory does not only work on the project itself,but also tries to re-
think the avant-garde in architectural design discourse. In 21st century,it is not 
the random exploration of design technique or Utopia architectural scenario,but 
is rather the innovative solution towards realistic urban issues. 

Manifesto:

Five points towards new urban infrastructure

1.It is the “Urban Element Interface” for linking and sharing a reciprocal urban 
network(artificial ecology) of existing isolated urban system.
2.It is,or works together with urban public space & context rather than isolation.
3.It is the substrate for productive urban space.
4.It does not belong to any architectural or infrastructural typology,trend,but 
holds the possibility to re-create architectural space in close relation to infra-
structural process.
5.It is Porous for performance of isolated substances’ latent involvement and 
invention.

2.Porosity urbanism

Cities are currently habitat for half of 7 billion people of the earth,expected 
to grow to two-thirds of 9 billion individuals by 2050 (Girardet,2005).It’s ob-
vious that this constant growth requires new expantion and centralization of 
urban infrastructure(Hall,1995),which unilateral energy flow requires natural 
resources and wastes’ production can achieve industrial scale(McGranahan and 
Satterthwaite, 2003).All the existing typologies of urban infrastructure that are 
the provision of elec-tricity,transportation,water,sewage treatment,food and 
removal of waste,etc,which are only finite constructions with shaped matters 
that lead cities become highly fragmented and often optimized with closed sys-
tems, causing systemic failures at a large environmental scale(Yusuke,2011). 
In modern city’s design,the consideration of integrated resource management 
is required(Harris,1995).So,rather than isolating these one-way resource flow 
based urban infrastructures where expand ecological footprints and cause urban 
issues,by pre-constructing reciprocal material mode,the particular material with-

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // ADAPT



125

in related infrastructural processes can be exposed,connected to urban public 
space and residents then managed by a closed feedback network of infrastruc-
ture,both input and output.Therefore,the artificial ecology is created by means 
of creating this infrastructural network that acts an integrated and interactive-re-
source-transformation whole where produces no waste to city.Because each el-
ements within this artificial ecology can constantly transform energy with each 
other as each state of material flow is in charge of consuming the byproducts 
from previous state flow of matter to be materialized and managed by infra-
structure for both urban activities and its internal function.Therefore,”Porosity 
urbanism” is the cybernetic materialization of substance’s flow from the organi-
zation of urban infrastructural processes in order to forming the closed feedback 
urban ecology,for material,information,energy and exchange.

Porosity is hidden into the reality of those isolated urban substances, acting as 
the motive force of looking for the hidden involved new relationship alike of the 
flowing fragments of reality, which itself  is also the unpredictable formal orga-
nization before each start of any architectural project, can not be repeated each 
time, for materializing these new relationship. Rather than projecting a sort of 
urban cognition of authority\style\paradigm\technology\-ism\media,etc, Porosity 
Urbanism tries to pre-construct the collaborative network for reciprocity based 
on the characteristic and essence of the flowing matters, then re-create the space 
who has its own ideology at that time and site. 

3.Paper context

This paper aims to speculate on the new type of urban infrastructure of domestic 
sewage treatment that is decentralized into the city as a way of re-creating inte-
grated urban productive public space in central area of Tokyo.The existing flow 
of domestic sewage is unilateral which is mostly transported by combined sewer 
system(82% of whole Tokyo’s sewer systems) from citizens of Tokyo to the 
centralized sewage treatment plants where are far away and isolated from urban 
context.This type of sewage treatment infrastructure is expanding in Tokyo city 
as a result of the growing production of sewage from domestic sector. Porosity 
Urbanism understands the sewage as the resource rather than waste to be mate-
rialized by urban farming community from pre-constructed infrastructural net-
work of sewage’s reciprocal ecology(Figure-1).

Figure 1. The existing centralized sewage treatment VS proposed community based de-
centralized sewage treatment
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Due to different characteristic of grey water and black water within the con-
cept of sewage,they will be separated and treated differently.This separation of 
sewage brings two types of waste water to different urban context. Moreover,-
different mechanisms of waste water treatment are applied:septic tank system 
plus constructed wetland will treat grey water;Grey water goes to schools of 
Tokyo where are already community based and decentralized model of urban 
context;Black water goes to the expansion parts of the existing treatment plants 
of sewage due to its high concentration of harmful organisms.Finally,the outputs 
of this new network of sewage treatment are urban farming community(con-
tributed by treated grey water). One objective of this network is to transform 
the consumable city model to productive city model,by constructing communi-
ty-supported agriculture. And these urban farming communities will regenerate 
Tokyo’s green space and be the urban food supply at the same time.

It holds the obvious environmental and social benefits,such as minimal trans-
portation for food supply,reduction of CO2 emission and enhancing local peo-
ple’s communication. Since this new facility is decentralized at the school’s 
playground, so the students can learn how is the relationship between water 
consumption and urban farming production as a way of urban education in ac-
tion. And most importantly,CSA(Community Supported Agriculture) follows 
the methodology of organic farming that does not use fertilizer and biocides 
and other harmful chemical substances to both human health and environment. 
Agricultural trade imbalances between Japan and export countries that threatens 
agricultural economy of Japan;And most recently,concerning about the radio-
active contamination of food productions from accident of Fukushima Nuclear 
Power plant.

Tokyo city’s green space is mainly cultivated at Edo period,but it was seriously 
decreased due to rapid urbanization from 1960s.In 1975 the total green space in 
Tokyo is 1294 km2,when the amount in 2005 was 935 km2.This is why Tokyo 
government released 10-year project of Green Tokyo for regenerating more 
green space in urban environment.Moreover,Japan has limited natural resourc-
es.It can not sustain whole population by its own,so each person in Japan has 
deficit around 4.5 Hectares of natrual resources,which results Japan become the 
world number one importer. The farmlands have been devastated for about 59 
thousand ha from 1990 to 2000.So,almost 60% of food in Japan is imported that 
produced the most “food miles” in the world,which was 900 billion ton-kilome-
tres in 2001 that was three times higher than USA. 

The domestic use of water in Tokyo has increased from 2700 kilo m3/day in 
1986 to over 3000 kilo m3/day in 2010 as a result of the growing population.
Thus,it is obvious that the sewage production from domestic sector in Tokyo 
also is growing.For satisfying the growing demands of sewage treatment,Tokyo 
metropolitan government decided to expand the existing centralized treatment 
plants of sewage(Figure-2).Since this type treatment method is based on one-
way flow of sewage,it also increasingly adds heat flux to urban environment.
Statistical data indicates that effluent heat flux from treatment plants has ris-
en considerably over the past 34 years and has doubled between 1985 and 
2001(Tsuyoshi,2007).
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Figure 2. Planned expansion of sewage treatment plants of Tokyo

4. Review of existing sewage treatment

Most of the modern treatment technologies have been discovered for reducing 
environmental impacts and protecting human health,such as sand filtration,ob-
served water micro organisms,water softening(firstly applied as a disinfec-
tant),membrane development for water filtration,etc.So,the development of 
water treatment is based on the changing quality of water that is caused by 
industrial activities,and constant population growth.Rather than conventional 
centralized treatment of water,the future of water treatment may be the whole 
transformation of water filtration technology from municipal water treatment 
plants to whole house water filters,or a combination of the two systems(History-
ofWaterFilters.com).Water treatment technologies normally are set up in order 
for purifying different contaminations from bigger scale to smaller. Centralized 
sewage treatment process requires chlorine based disinfectants that are irre-
ducible.So it is necessary to apply biological purification process to the sewage 
that has less environmental impacts.Actually for domestic sewage,there are two 
sources for it,one is grey water produced from laundry,dishwashing and bathing 
sectors while another one is black water from fecal matter and urine.They have 
different properties.Grey water is recyclable for irrigation and constructed wet-
lands while blcak water is most harmful with disease organisms.However,the 
sewer system in Tokyo in 82% is combined type so that the grey and black 
water are going to be mixed to become harmful.In addition,the existing sewage 
transportation method is centralized that typically needs the periodic installation 
of large municipal treatment facilities with long lead times of funding and con-
struction(Seattle public utilities).To accommodate this pace of development,new 
facilities are designed to meet future demands and are consequently “over 
built”with idle capacity(Figure-3).
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Figure 3: Matching future demands with centralized vs. decentralized capacity 
(Source:Rocky mountain institute,”Valuing decentralized wastewater technologies”)

For constructing new type of sewage treatment infrastructure are mainly three 
points,first,separating grey and black water for different treatment of sew-
age;second,applying biological treatment process(septic tank + constructed 
wetland) to domestic sewage for reducing the enviornmental imapcts from in-
frastructural process;third,decentralizing the treatment infrastructure from ex-
isting centralized model to community based,as the foundation for community 
supported agriculture and for saving energy of sewage treatment,for reducing 
the transportation distance of sewage,for connecting infrastructural process to 
urban public space and activities,most importantly,for building the reciprocal 
sewage flow,where can maximize the quantity and quality of urban life,connect 
both natural and artificial environment via Porosity Urbanism.

5.Design approach

From above researches,re-creating isolated urban elements’ reciprocal network 
is the key approach of Porosity Urbanism.This artificial ecology based on the 
flow of sewage is formed by these elements: residents of 23 wards of Tokyo/the 
grey water they produced/the decentralized and community-based schools/mul-
tiple urban public events based on grey water(resource) flowing process/septic 
tank and constructed wet land as the decentralized treatment tools/the new sew-
age pipe system—infrastructural components for managing and distributing the 
flow of  grey water/re-created new urban public space/and lastly,the outcomes 
of the whole ecology that are the community based agriculture land.Different 
quality of grey water will activate different urban activities. The urban space 
form and scale within this new infrastructure varied from the way and quality of 
the grey water go through inside and outside the structure.

Therefore,this Porosity Urbanism here creatively takes the existing spatial and 
social opportunities/issues of city to produce community food in direct urban 
context in relation to sewage treatment process. Multiple isolated urban ele-
ments and processes are re-linked to new urban public space contribution and 
meaning: The school’s playground as the part-time deserted spatial resource; 
Lack of social communication among Tokyo citizens; Education for water con-
sumption/re-use/urban farming; Lack of urban food; Growing demand of water 
treatment; Grey water and black water separation; School’s new sport facility; 
New urban green public space; together are pre-constructed(ideology construct 
before architectural formal construct) to a reciprocal network based on different 
urban events that adapts with water flowing process in relation to clean class.

Firstly,grey water comes from domestic sector of Tokyo’s residents to the under-
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ground at selected school’s playground.Then the grey water will beyond treated 
firstly from the designed capacity of septic tank.After that,secondary treatment 
is going to happen on the ground level within the infrastructure.And the whole 
process of treatment of grey water is organized by a particular form of infra-
structural network for water management,distribution and urban activities.The 
treated grey water will be delivered to the urban farming cells on the ground 
level.Finally,urban farming community that is supported by treated grey water 
emerged.Therefore,a closed feedback network of sewage treatment infrastruc-
ture(Figure-4) is re-created on the playground of schools.

Figure 4: The material flow of the artificial urban ecology of sewage(grey water) treat-
ment for urban farming community

New urban experience and programs are re-created from this new reciprocal 
urban network based on decentralized sewage treatment process. School activ-
ities(playground),urban farming community(above playground) and secondary 
treatment medium that is constructed wetland are formed within different size of 
sewage transporting components(sizes in relation to both sewage clean class and 
urban activities’ requirements interact with sewage flow),then the overall form 
which will be optimized via the same organizational logic as vascular bundle of 
cells does.This pattern is transformed to 3D infrastructure that performs as the 
treated sewage substrate for urban farming,the sport facility for playground, the 
natural light filter for playground and also the urban public space(Figure-5).
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Figure 5: Program distribution in relation to Sewage treatment process

6. Design proposal as Paper Conclusion 

Located at Kitanakano Junior High School in Tokyo, 300 of fluid-transporting 
components for distributing grey water from the underground septic tank are 
created on this school’s playground. This alternative porous purification facility 
for grey water transforms 10624 m3 of grey water per day collected from the 
school’s neighborhood to the water resource for the same community’s urban 
farming activities, linking urban infrastructure with local community. (Fig-
ure-6). By practicing and researching Porosity Urbanism the existing isolated 
urban elements are not recognized as the pure issues and wastes but also the po-
tential chances and resources to be creatively involved with each other by iden-
tifying their substantial behavior, then the reciprocal new urban territory can be 
invented beyond the historical precedents with relative and critical technology 
as the re-created future of the city life.`
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Figure 6: The decentralized sewage treatment facility for urban farming community by 
zai-zao architecture 2011-2012
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Abstract

Architecture and smart cities are failing to integrate sufficiently high goals for 
artificial intelligence and living technology as design operations to address cli-
mate change caused by airborne industrial and urban toxins. This paper puts 
forward a dialectical framework for both a theoretical operating system (OS) 
and preliminary pathways for developing metabolic architectures as sentinels 
and bioremedial machines that plug into smart cities. Facilitated by the Internet 
of Things (IoT), metabolic architectures would deploy hybridize synthetic and 
living technologies across realms of biology and computation into the domains 
of nanotechnology and bionanotechnology; e.g. the Internet of NanoThings 
(IoNT) and the Internet of Bio-NanoThings (IoBNT). Consequently, defining 
typologies of intelligence distinguished by differing organisms — animal, plant, 
microbe, machine — becomes essential underpinning for tasks involving biohy-
bridization of machinic and biological living traits. A dialectical OS then suits 
theorization and the prototyping of metabolic processes, artificial intelligence, 
and living technology applied to achieve intelligent buildings in smart urban 
networks. Accordingly, the question I address in the Conclusion is: Why not at-
tempt to design intelligent, metabolic architecture concurrently with the smart 
city as integral, interactive, sensory, living facets of nature?

1.

When architects, engineers, urban planners, and computer scientists design 
smart cities they embed systems of communication, sensing, and control on top 
of, and within, old cities — alternatively, they integrate intelligent systems into 
newly planned construction. For my consideration, I will use recent examples of 
AI, synthetic biology (Garrett, 2013), biohybrid robots (Park et al., 2016), nano-
technology (Akyildiz et al., 2015), and ideas of living technology (Bedau, 2003) 
to initiate a discussion of embedded networks and living intelligence relevant to 
visions of smart cities, biointelligent buildings, and intelligent matter (Tegmark 

SMART CITIES: 
BUILDINGS, MICROBES, MATTER, INTELLIGENCE
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2015). This dialectic supports designing cities and buildings, not only through 
networks such as Internet of Things (IoT) (Anderson and Rainie, 2014) but 
by evolving them to include synthetic life (Church & Regis, 2012) and living/
learning, non-human intelligence (Dollens 2015, 2014, 2013; Hern, 2016b; Park 
et al.; 2016. Tononi, 2008). This practice provides theoretical traction to define 
and prototype metabolic architectures stemming from digital morphology and 
machine intelligence for compatibility with smart cities and metabolic buildings 
(Bedau et al., 2010, 2013; Cronin, 2011; Oxman, 2011).

Biointelligence, nanomachines, and environmental performance are clearly on 
the architectural horizon. First iterations of learning for smart cities already 
involves algorithmic intelligence likely to grow exponentially more powerful 
with increased use; for example, IBM’s Cognitive City is powered by Watson 
and associated with Watson IoT (IBM, 2016a, 2016b). Similarly, DeepMind/
AlphaGo demonstrated Google’s AI ability to learn and out-think opponents and 
videogames. Now, AlphaGo seems poised for urban/environmental challenges 
(Burton-Hill, 2016; Hern, 2016b; Markoff, 2016). Relatedly, Google’s Tensor-
Flow promises open-source machine learning that Google (2015) hopes will 
become a standard AI platform for app developers. 

The appeal of TensorFlow is that it can be programmed at many scales with 
entry open to individuals (Baldridge, 2015). Furthermore, Google claims it will 
run on smartphones and is relatively easy to use (Hern, 2016c). With that poten-
tial, we begin to grasp the oncoming power of distributed AI and the invitation 
for individuals and teams to evolve intelligence for bioremedial buildings as 
components of smart houses and smart cities. With this potential too, comes the 
expectation that programming languages will enter the public sphere in a far 
more pervasive way.

The expansion and deployment of bioAI, coding, and living technologies are 
thus among the research trails followed here to investigate plant morphology 
(Thompson, 1917) and microbe intelligence (Falkowski, 2015; Khatchadourian, 
2016). Adapting AI’s potential to a building further situates architecture in a 
position to engage ecological remedial efforts by metabolizing building façades 
and scaffolds. Architecture thereby enters the realm of a gigantic organism able 
to participate with biochemical/microbial actions to, for instance, neutralize pol-
lution. If buildings as intelligent organisms, instantiate design-by-research at the 
level of globally connected intelligences, they could revolutionize architecture 
as living technology. And, since the Internet of Things is scalable to household 
data and performance, a single user with a cellphone could link individuals or 
community groups into specialized streams of data monitoring animate and syn-
thetic intelligence (Pollan, 2013; Mazzolai, 2010). 

Factoring in non-linear practices such as selection and scaling as induced, evo-
lutionary-design strategies, unfolds complexity as we try to designate types of 
non-human intelligence witnessed in plants and microbes. For example, mi-
crobe intelligence may provide sufficient levels of complexity and ability with-
out the weight of human consciousness, and thus underwrite how specie-traits 
are evolved or coded to interface buildings addressing environmental problems. 
The selection and hybridization of synthetic life, AI, or living technology will 
further determine steps for plugging metabolic architectures into smart-city 
networks. And, with those steps come potential for servicing the IoT with re-
newable energy and cloud-based data centers/processors. Moreover, intelligent 
selection/scaling includes nurturing participatory organisms and environments 
valued at the species level of plants and bacteria for their inherent value to en-
dangered species and nature. 
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In response to this dialectic potential, I posit an integrative approach to engage 
intelligent learning systems with promise of sequential — and symbiotic — 
impact on smart cities and intelligent buildings. First, I propose we theorize an 
operating system (OS) supporting the integration of life/intelligence with tech-
nology that has as its goal, the development of metabolic architectures expressly 
designed for smart-city networks. Here, a design OS provides guidance and ver-
ification from biological theory (Maturana and Varela, 1980) and cognitive sci-
ence (Clark 2008) for hybridizing biodigital intelligence and inanimate nature.

Unsurprisingly, the proposal is a pathway looking to systems that learn-by-ex-
perience the way DeepMind/AlphaGo learned to play (and to win) classic Atari 
videogames, and correspondingly, beat world champions at the game of Go 
(Hassabis et al., 2015; Hern, 2016b). Similarly, by interfacing biology, data, 
nature, and AI — DeepMind is scheduled to analyze eye diseases by parsing 
medical reports and learning patterns from patient’s records and eye scans. We 
then find that DeepMind is a computational intelligence in partnership with 
the British National Institute of Health (NIH). It will read, scrutinize, and learn 
from one million records in order to identify clinical anomalies (Hern, 2016a). 
Diagnostic AI, thus becomes part of medical outreach extendable via the IoT 
to patients globally. For cities and architecture, machine learning is similarly 
routed — for different ends — through networks of data where new branches of 
the IoT are emerging as the Internet of NanoThings and the Internet of Bio-Nan-
oThings (Akyildiz et al., 2015).

What, you may ask, would buildings learn? For this scenario, biology comes 
into consideration as a source for intelligence and desirable biochemical traits 
enabling buildings to identify toxic molecules residing in urban pollution. 
Learning would take place as AI systems absorbed life-support requirements to 
keep microbes alive and engaged in bioremediation based on, for one possibil-
ity, the clean-up of oil spills and toxic waste (Biello, 2010; Falkowski, 2015; 
Khatchadourian, 2016). In the case of bacterial nanomachines, the building 
would provide the living scaffold — the body — in order to maintain a skin of 
microbial life that continually eats airborne toxins.

We are now likely looking ahead to collaborations where scientists, program-
mers, engineers, and architects develop autonomous nanomachines, hybrid 
materials, and biochemical agents that thrive in material substrates capable of 
supporting multicellular life. With bioactive materials, sensors, and actuators 
extending connectivity to new typologies of intelligence and biochemical ac-
tions, buildings would address environmental and system conditions in ways 
that also include contributing to local and global data processing. 

Metabolic architectures thus enter domains of biological possibility to the de-
gree that theory, experimentation, and prototyping are necessary. The circuit 
of the smart city would be joined by the processor (biochip-like) intelligent 
building. Theory hereby enables communication for evolving design method 
and software for research and observation bridging species intelligence and na-
ture in a framework that makes sense of them as composite unities (Maturana 
and Varela, 1980). The challenge is to activate methods of integrating digital 
morphology and (bio)nanomachines simultaneously with AI programming (e.g. 
TensorFlow) to keep organisms alive, where, as Paul Falkowski writes in Life’s 
Engines: 

. . . in even the simplest organisms chemical constituents are organized into 
microscopic machines that give rise to metabolic processes and allow the cell 
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to replicate. . . . For want of a simple term, I call these cells . . . life’s nanoma-
chines (Falkowski, 2015, pp.20 and 47). 

Neri Oxman, in “Protocell Architecture” signals related concerns when she 
writes:

To conceive of design as the “dry path” of biology in the generation of synthetic 
form requires designers to find the formula to describe matter as generative. To 
do this, they must first abandon the conceptual structure of a divided and hierar-
chical process separating the analytic and the synthetic, and arrive at their ulti-
mate integration. A new philosophy of design is slowly emerging which antici-
pates and supports the merging of matter and energy . . . (Oxman, 2011, p.105). 

2.

Fig. 1. BioTowers. 2005-Ongoing. Studio Exodesic • Dennis Dollens. All tower com-
ponents and structures are generated from plant algorithms, some with biomechanical, 
bioanimate, or metabolic properties for bioremedial environmental functions. 

From simulated plant algorithms, Studio Exodesic digitally hybridized a series 
of BioTowers (Figure 1) to theorize ways biointelligence and morphogenesis 
may be simulated (Turing 1952) for generative design-by-research (Dollens, 
2014, 2015). Those towers assimilate data from X-rays, scanning electron mi-
croscopes, industrial CT scans, and MRIs to demonstrate porting digital mor-
phology to design software and machine fabrication. The resulting extrapolation 
of data — not native to architectural form-finding — reveals biological proper-
ties and intelligences as drivers enabling architectures to join with smart cities 
as living technology. Mark Bedau describes living technology in Artificial Life 
as encompassing: 

. . . powerful core features of life explained and illustrated with examples from 
artificial life software, reconfigurable and evolvable hardware, autonomously 
self-reproducing robots, chemical protocells, and hybrid electronic-chemical 
systems (Bedau et al., 2010, p.89).

Bedau’s “core features of life” may also drive biotechnological smart cities and 
metabolically intelligent buildings in the manner suggested by Carole Collet’s 
“Studies in Material Thinking.”

[L]iving technology can foster a new approach to address some of the key sus-
tainable challenges of the 21st century. . . . [T]o probe the potential of a biologi-
cal manufacturing future by exploring the cellular programming of morphogen-
esis in plant systems (Collet, 2012). 
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Collet’s intention “to probe the potential of a biological manufacturing future by 
exploring the cellular programming of morphogenesis,” will evolve protocols 
to move components out of the laboratory and into biofab prototypes (Garrett, 
2013). Leroy Cronin explains his related vision:

Buildings would have a cellular structure with living inorganic components that 
would allow the entire structure to self-repair, to sense environmental changes, 
establish a central nervous system, and even use the environment to sequester 
water, develop solar energy systems, and regulate the atmosphere . . . . Further, 
by engineering the cellular system with a standard information network the en-
tire architecture could process and distribute vast amounts of information (Cro-
nin, 2011, p.36).

3. Conclusion

As we know, information networks are collections of things — things physical 
and things virtual. If we imagine a smart city we do so first through a network 
of our thinking, our experiences, observations, and knowledge of what consti-
tutes a city, and, what constitutes intelligence. In a primary sense, we direct our 
biological body/sense network to conceptualize and visualize layered sets of 
physical infrastructures such as roadways, power/water distribution, and sewage 
disposal systems in order to, layer-by-layer, discern communication/service/
cultural networks.

Communication systems also involve computational technologies, immaterial 
codes, simulations, and webs involving hybrid machines and biological agents 
(humans, non-human animals, plants, microbes, AI) consisting of physical parts. 
Dichotomous Bodies/brains and chips/code are therefore connective tissues 
conducting programmed instructions biochemically/mechanically via electrical 
signals. What we construct are layered systems that smart cities integrate and 
maintain while — symbiotically — we, as biological agents technologically/
mechanically maintain the self-same smart city. 

To talk about smart cities we invoke physical, interrelated objects in environ-
ments (Clark, 2008) — a house, an automobile, a city, a rock, a cat, a plant, a 
friend, a forest, a lake — literally, everything — all, constituted by combina-
tions of atoms and phenomenal forces comprising the four fundamental interac-
tions of nature: strong force, weak force, gravitation, and electromagnetism. In 
this realm, groups of things are themselves subgroups of things resolving into 
molecular aggregates, cellular networks, virtual networks, and living intelli-
gences — nature. 

Not coincidently, animals, plants, and microbes are combinations of matter and 
natural forces enabling cognition and intelligence. Through their concatenation 
we find biocellular networks relating processes such as physical decomposition 
— e.g. organic matter returned to molecular matter — life cycles — that smart 
cities must ultimately partner with to bond cognition, intelligence, physics, and 
matter. These molecular systems are non-negotiable in the sense that there is no 
life, let alone smart cities, without them. The question then surfaces: Why not 
attempt to design the smart city as an integral, interactive, sensory, living part of 
nature?

In 2015, Ian Akyildiz and team articulated ways the Internet of Bio-NanoThings 
would integrate with the Internet of Things. Firstly, they defined Bio-NanoTh-
ings as stemming from:
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. . . synthetic biology and nanotechnology tools that allow the engineering of 
biological embedded computing devices. Based on biological cells, and their 
functionalities in the biochemical domain, Bio-NanoThings promise to enable 
applications such as intra-body sensing and actuation networks, and envi-
ronmental control of toxic agents and pollution. The IoBNT stands as a para-
digm-shifting concept for communication and network engineering, where nov-
el challenges are faced to develop efficient and safe techniques for the exchange 
of information, interaction, and networking within the biochemical domain, 
while enabling an interface to the electrical domain of the Internet (Akyildiz et 
al., 2015).

Architectures and smart cities are combinations of matter, natural forces, and 
animate intelligent networks, what Maturana and Varela (1980) call the organi-
zation of the living. More recently, philosopher Giulio Tononi (2008) and phys-
icist Max Tegmark (2015) have expanded upon the organization of the living 
to give cause for thinking of information and matter as conscious. For smart 
cities, we are talking about things like machine intelligence and/or biological 
intelligence making decisions for routing traffic, digital communications, air 
safety, and flood control. To those commissions, we may now theorize and pro-
totype metabolic architectures as biologically capable of remediating airborne, 
molecular particulates. Doing so, we recruit smart cities into the network of life 
and deploy the biological intelligence of plants and microbes (Falkowski, 2015; 
Mancuso, 2010) for action in metabolic architectures living in smart cities. 
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The thesis project studies river resilience strategies applied to the case study of 
Trento (Italy). Landscape is considered as an urban infrastructure capable of 
meeting specific performances, hydraulic, ecological, productive and in general 
of spatial quality, in order to put into a new life cycle the contemporary urban 
fragments and to reconnect them with their river.

1. Introduction and methodology

The thesis project explores the theme of recycling entire urban sections using 
landscape as a design tool. In particular, the project studies the existing residual 
open spaces within Trento, an Italian city located in the Alps, and their process 
in the dynamics of transformation of the contemporary city, paying particular 
attention on their relationship with the Adige river. 

 

Figure 1. The city of Trento (Italy) and the Adige river

LANDSCAPE AS INFRASTRUCTURE. 
THE ADIGE PARK IN TRENTO
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Landscape is here considered as a new urban infrastructure, able to understand 
correctly the demands coming from the context and at the same time to estab-
lish a network to reconnect the single urban fragments with the river. For this 
reason, it is seen today as a discipline that is able to substitute architecture as 
the main approach to the city, becoming at the same time the lens through which 
the contemporary world is represented and the tool with which it is constructed 
(Waldheim 2006).
In this way the design proposal aims to reconsider the lost relationship between 
the Adige river and the city of Trento, through a Park that meets specific perfor-
mances, hydraulic, ecological, productive and in general of spatial quality.

2. Hypotheses and results

At first the research project identified all the post-industrial areas within the 
city that define the open spaces heritage, consisting of 33 recycle footprints, 
so-called because they constitute the footprint on the territory of concluded life 
cycles (Ricci, 2012). They were considered as the main focus with whom re-es-
tablish a resilient connection with the river, through the definition of the Value 
Map and the Risk Map for the landscape heritage . An important part of the 
research focused on the study of the flow rates concerning the Adigetto canal 
with the identification of the most stressed sections, according to the different 
flood events and the specific time of rain. In this way the research recognized 
the possible crisis in the rainwater management within the city, identifying the 
appropriate strategy for risk mitigation. 

The overlay mapping concerning the landscape heritage in Trento defined the 
possible open space network that in fact constitutes the new Adige Park, de-
velopable through 3 design systems: ecological system, productive system and 
public space system. 

Figure 2. Possible Open Space Network
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Each system was developed on an urban scale, considering the spatial configu-
ration related to the river and at the same time identifying specific devices use-
ful to develop a correct landscape infrastructure for the city. 

 
Figure 3. Landscape design devices and performances obtained

The project paid particular attention on the devices for the flood risk mitigation, 
increasing the permeability of the soil and thus reducing the flow rates in the 
Adigetto canal during rainfalls.

 

Figure 4. Blue infrastructure: Present situation and proposed flood risk mitigation

3. Conclusions

Proposing a design approach on the open spaces available within the city, the 
project modified the devices in different ways, considering the context of inter-
vention. In particular, the new Adige Park was conceived by acting on the road 
network, on the riverbanks and on the recycle footprints within the city. 
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Figure 4. Proposed intervention on the riverbanks, modifying different design devices 
according to the context of intervention

In this way it was possible to put into a new life cycle the existing open spaces 
in Trento, re-considering them in a way of a new Park, which is able to re-con-
nect them with the river both spatially and in terms of meaning. They all find 
their accumulation point in the Adige River and thus they give a new impor-
tance to it within the urban dynamics. 
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Abstract

This paper presents a method for the development of a spatial model for thermal 
comfort as a mechanism for the design of differentiated resilient urban space. 
Sixty-four existing thermal comfort indices have been identified and reviewed 
and their parameters mapped in order to identify those which are spatial. Elev-
en spatial parameters have been established, analysed and quantified in order 
to develop a new thermal comfort index, and future methods for developing a 
spatial model are discussed.

1. Introduction

“The notion of the real in our settings of life cannot be endlessly expanded and 
relativised; we are biological and historical beings whose entire physical, met-
abolic and neural systems have been optimally tuned to the reality of physical, 
ecological and biological facts.”
Juhani Pallasmaa, in the above quote (Pallasmaa 2011, p. 23) describes the 
environment in which we exist as that which is defined by physical reality — 
tangible and corporeal. As the ways in which we interact with the environment 
increase in complexity — through computer, media and mobile technology, for 
example — the requirements for spaces capable of reacting to this behaviour 
intelligently has also intensified. This necessity has been largely addressed 
through embedded computation, pervasive technology capable of sensing, com-
municating and responding to spatial and environmental data. But as Antoine 
Picon (2015) notes, these technologies are not actually changing the morphol-
ogy of our built environment, and thus it could be argued that our physical 
space remains unchanged as well. In this regard, is digital technology the most 
effective tool to design intelligent environments capable of coping with change? 
Could designing heterogeneous conditions into our environments, rather than 
the insertion of computers to respond to desired or necessary change provide 
resilient space with the ability to adapt to fluctuations?

TOWARDS AN URBAN SPATIAL MODEL FOR 
THERMAL COMFORT
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2. Background

Reyner Banham (1984) describes the origins of architecture, where the first fire 
generated concentric rings of variable thermal zones used for different activities 
such as cooking or sleeping. Similarly, it has been suggested that microclimatic 
variation in the urban environment can promote the increased use and creation 
of productive space (Greenberg and Jeronimidis, 2013) while increasing the 
thermal comfort range (Steemers, Ramos and Sinou, 2004). However, deter-
mining comfort in a dynamic urban environment is not a trivial task. Over the 
past 100 years or so, hundreds of indices have been developed in order to arrive 
at the calculation of a single value of thermal comfort, focusing primarily on 
six basic human thermal environmental parameters: air temperature, air veloc-
ity, relative humidity, mean radiant temperature, activity level and clothing. 
This is slightly confusing, however, as the quantification of thermal comfort 
is largely driven through the understanding of the environment, rather than a 
person’s thermal sensation within a space. Two thermal comfort models have 
been identified that discuss the relationship between a model of thermal comfort 
and space — and specifically, the outdoor urban environment. The Modified 
Temperature index (Adamenko and Khairullin, 1972) was designed in order to 
understand the relationship between urban morphology and frostbite, in order to 
protect people from the cold while using outdoor space. Adamenko and Khair-
ullin further identify the possibility to use this index as a tool for “estimating 
the efficiency of various architectural designs in improving the microclimate.” 
The authors go on to discuss the affect of building morphology on windspeed, 
and the resulting microclimates created in outdoor spaces due to this behaviour 
and test this through the application of their nomogram to a speculative building 
organisation. Additionally, the Actual Sensation Vote (Nikolopoulou, 2004) was 
developed in direct relationship to urban outdoor space. Through the analysis 
of multiple spaces in cities across Europe, a series of analyses determined a 
thermal comfort equation for each location. This analysis assisted Nikolopoulou 
in developing a set of design principles to improve outdoor thermal comfort 
via various techniques such as placing shading and wind channelling devices 
or planting trees in outdoor spaces. While these models result in spatial consid-
erations, their parameters are largely related to the environment or physiology 
rather than space. While physiological and environmental parameters hold im-
portance in some specific fields of research, architects really only have the abili-
ty to design space, and therefore an applicable model of thermal comfort would 
include only those parameters which are spatial in character.

3. Methods
3.1. Identification of Parameters and Parameter Classes

A review of 64 thermal comfort indices was conducted in order to gain a broad 
view of the parameters included within the models in order to identify those 
which are spatial in character (Figure 1). Previous cataloguing of thermal com-
fort indices undertaken by de Freitas and Grigorieva (2015), Blazejczyk, Ep-
stein, et al (2012) Auliciems and Szokolay (1997) and Parsons (2014) were used 
as primary sources of identification. 
In order to categorise parameters considered in each index, six parameter 
classes have been identified as physiological, behavioural, environmental, psy-
chological, positional and demographical. Physiological parameters are those 
which relate to the body functions of the individual human body. Behavioural 
parameters are those actions which are carried out by the individual. Environ-
mental parameters are associated with the physical conditions and surroundings. 
Psychological parameters are those that are personal, subjective or related to 
history, memory or thought processes of the individual. Positional parameters 
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concern the location or climatic context at which the index was cal-
culated or aimed. Finally, demographical parameters belong to those 
characteristics of a specific population type for which the index was 
calculated or aimed.

2. Analysis of Parameter Spatiality

In making the distinction between those parameters which are spatial 
from those which are not, parameters that are at a scale larger than 
space, such as weather patterns, as well as those that are controlled by 
or linked to the individual have not been included. Because all indices 
identified do not take into account the same parameters, it is not possi-
ble to compare them through absolute terms. Therefore, a system of rel-
ative spatiality, as defined by orders of magnitude, has been defined in 
order to determine those parameters which are to be included in a pro-
posed spatial model for thermal comfort (Figure 2). Those parameters 
which are inherently spatial are considered of the zeroth order; those 
which are directly affected by space are of the first order; those which 
are affected by first-order parameters are of the second order, and so 
on. Those parameters which are in no way affected by space are of an 
infinite order. Including all parameters which are in some way spatial 
(while omitting those which are of an infinite order) would result in a 
highly complicated model with numerous variables which could not be 
controlled architecturally. Therefore only those that are of a zeroth or 
first order will be included in a spatial model for thermal comfort. It is 
important to mention that those parameters which have been identified 
previously as discreet but are in fact specific instances of more generic 
parameters have been considered only in the generic. For example, 
metabolic rate, or activity, has been identified in various specific quan-
tities such as light activities or moderate exercise, but in evaluating 
their spatiality are considered together as metabolic rate.
Determining the order of spatiality of all parameters results in the es-
tablishment of 13 parameters in a spatial model for thermal comfort. 
These parameters include: indoors, outdoors, naturalness, time, envi-
ronmental stimulation, perceived control, short-term experience, deci-
sion, mean radiant temperature, solar radiation, air velocity, turbulent 
air movement, and metabolic rate (activity) of three parameter classes: 
environment, psychology, and behaviour.

Figure 1. Mapping of 96 parameters across 64 thermal comfort models.
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Figure 2. Parameters are defined by their order relative to spatiality; zeroth and first 
order variables are included in a spatial model for thermal comfort.

3. Quantifying Parameters for the Construction of a Spatial Model

Zeroth order parameters are those that are inherently spatial, and therefore do 
not need to be quantified. Within the context of this research, spaces modelled 
must be outdoors and must not be indoors. Additionally, if a space is outdoors, 
it must exhibit naturalness as defined by Nikolopoulou and Steemers (2003). 
Therefore, there are then 11 quantifiable parameters in a spatial model for ther-
mal comfort.

Within the model, there exist four environmental parameters. Mean radiant 
temperature is defined as the mean temperature of all surfaces within a space. 
An in-depth discussion on the equation for mean radiant temperature is given 
by Parsons (2014). Solar radiation is heat transferred from the sun. Underwood 
and Ward (1996) describe the equations used for this calculation. Air velocity is 
measured as a vector incorporating both speed of movement of air as well as its 
direction. Air velocity can be computed through computational fluid dynamics 
methods, based on Newton’s Second Law of Thermodynamics. Turbulent air 
flow can be quantified through a calculation of the Reynolds number, which 
measures the ratio of the velocity of flow to the forces impeding that flow, such 
as geometry and a liquid’s viscosity (Ball, 2009).

There exist six psychological parameters, which have all been previously iden-
tified and defined by Nikolopoulou and Steemers (2003). Time is defined as 
the length of time exposed to climatic conditions. This can be quantified by 
simply counting the amount of time a group of people stay in one space before 
moving to the next. Short-term experience is the memory or history of exposure 
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to immediately previous conditions, which can be quantified by analysing the 
spaces in which a group of people have occupied immediately before the space 
in which they currently inhabit. Environmental stimulation, or the variation in 
climatic conditions within a space, may be quantified by recording the number 
of times that conditions change within a specified range while a group of peo-
ple are within a space. Perceived control is the ability to change location for 
one that is perceived to be more comfortable. This can be quantified through 
view analysis, where a higher depth of view of seemingly more comfortable 
conditions would result in increased thermal comfort. Finally, decision can be 
considered as the determined selection of a specific environment, as affected by 
the character of the space occupied relative to another. This parameter is related 
to perceived control, but is based on actual change rather than the ability to do 
so. Additionally, it is not necessary that another space be within view in order 
to decide to move locations. Therefore, decision can be quantified through a 
comparison of the comfort experienced in the currently occupied space with the 
previous space occupied.

Metabolic rate, a behavioural parameter, can be considered as a parameter inter-
changeable with activity, as it varies due to a change in function. Metabolism is 
the process by which the body converts food to energy, which is thus used for 
the circulation of blood, breathing and muscle movement (Bradshaw, 2010). For 
the purposes of thermal comfort, it is generally understood that the metabolic 
rate considered is the combination of both basal and active metabolic rates. 
Bradshaw (2010) cites the ASHRAE Handbook of Fundamentals 1989 in his 
reprint of a chart outlining the metabolic rates associated with various activities. 

4. Discussion

By quantifying these parameters, it is possible to define the relationships that 
exist between them and the relative weights of each within an applicable model. 
Although the thermal comfort indices identified previously have been built via 
recorded data sets, the spatial parameters identified do not all exist within one 
single model. Therefore, it is not possible to combine the existing data sets from 
these models in order to analyse the relative weighting of the specific spatial 
parameters. For instance, a study using data based on observations of 6 subjects 
in the arctic cannot be compared to one based on observations of 1000 subjects 
in the tropics. Therefore, in order to generate a valid weighting system, there is 
the need for the generation of an equalised data set, or one where all data is col-
lected from the same source.

One possible method for the generation of a data set is via computational sim-
ulation. Rather than physically measuring data in the field, the ‘field’ can be 
modelled and its environment simulated. Results from these simulations can 
be used to generate a unique data set, which along with the input variables for 
included parameters, can be analysed using regression analysis to establish 
their relationships in a spatial model. Environmental parameters, as well as 
the psychological parameter decision and environmental stimulation can be 
generated through environmental analysis. Ladybug is a plugin for Grasshop-
per3D, a graphical associative modelling platform for software Rhinoceros3D. 
In addition to being technically robust, Ladybug provides the opportunity to 
connect environmental design directly to the generation of geometry through the 
parametric environment of Grasshopper3D (Sadeghipour, Pak et al, 2013). Air 
velocity and turbulent air movement can be analysed using Computational Fluid 
Dynamics Analysis software, and data generated can be seamlessly imported 
into the Grasshopper3D environment and applied at a local scale to analyse its 
effects on the microclimate (Erdine and Greenberg, 2015). All other parameters 
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can be simulated via spatial analysis methods, such as isovist studies and Space 
Syntax via DepthmapX software. Space Syntax describes spaces as voids with 
connections with a specific geometry and topology (Al Sayed, Turner et al, 
2014). DepthmapX also provides the opportunity to use agent-based modelling 
in order to simulate the adaptive behaviour of a person walking through space, 
which can be useful in simulating data for psychological parameters.
The dataset generated from this simulation can then be statistically analysed in 
order to define a spatial mathematical model describing thermal comfort, which 
has the potential to be used as an urban design tool, capable of designing spac-
es, their adjacencies and ultimately their use. This not only has implications for 
thermal comfort analyses, but it allows for analytical techniques to become gen-
erative design tools.  

5. Conclusions

The way in which we use space is highly dynamic; our typical static environ-
ments has now become transient spaces in constant flux. As building technology 
has improved there has been an increased demand on our environment’s ability 
to provide adaptable comfort conditions. At present the conventional architec-
tural approach has been to design mechanical systems that are highly tuned or 
actively responsive, without considering the design of space itself. However, 
through the analysis of thermal comfort parameters, spatial parameters have 
been identified and quantified which can be 

Figure 3. Microclimatic variation within a patch of the city.

applied in a spatial model for thermal comfort. If warmer local climates exist 
in tandem with those which are cooler, windy areas the spatial interactions pro-
duced become more complex than those within uniform environments. Cooler 
spaces may be used as short-term pedestrian pathways, while warmer spaces 
become areas for lunch breaks. Wind will be welcome in areas of increased 
warmth, which may become areas of relaxation; the warmest areas may be un-
comfortable, but could develop into climate suitable for small-scale farming, for 
example. These opportunities illustrate resilient urban space, where heterogene-
ity can provide novel social interactions and new modes of production (Figure 
3).
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1. Abstract

Renewable energy is a theme which playing an important role in today’s 
changeable landscapes. The thesis investigates the sustainable energy transition 
underway from a landscape architecture perspective, with particular attention 
on wind energy.
Today, the devices for production and distribution of wind energy should not 
only be appropriate to the context but should adapt to the place where they are 
situating and not only as an abstract object, imposed from above in a land-
scape, but going to encountering local opposition. The European Landscape 
Convention (2000) considers every landscape as a reference point for the
identity of the people who live in it. In addition at starting from this statement, 
the present work aims to analysing the relationship between a population and 
its surrounding landscape, working on Climate Adaptation Plans in relation to 
changes climate, social and planning underway, going to work on the prediction 
of the effects of these changes on our urban and rural landscape.
The process that the thesis is meant to trigger is a transient planning, from a 
concept of productive landscape to a broader concept of energy landscape, 
where the identity of the people is recognized in the application of wind farms 
as values.

1. (NEW) Resilient Landscapes

Today, the devices for production and distribution of renewable energy should 
not only be appropriate to the context, but should also get adapted to it, other-
wise, the landscape itself being in continuous flux, our task would be to make 
these landscapes resilient to climate change, proposing proactive landscapes and 
the ones that imply new technologies.
What types of adaptive landscapes are ready or suitable to house the systems of 
production of renewable energies?

(NEW) RESILIENT LANDSCAPES
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1.1  Transition of a concept

If it is assumed that a landscape could be regarded as an infrastructure, then it 
could not be observed, evaluated and studied only in terms of aesthetics. The 
very definition attributed to it by the European Convention on landscape in 
2000 now seems no longer adequate. It only defines a landscape as something 
that “designates a certain part of the territory, as perceived by people, whose 
character derives from the natural and / or humans and their interrelationships.” 
It makes provisions for recognition and protection of landscapes that member 
states undertake to apply, defining the policies, objectives, ways of preservation, 
and management related to a landscape, therefore recognizing its cultural, envi-
ronmental, social and historical heritage as part of European heritage and a key 
element in ensuring the quality of life of people, wherefrom emerges its anthro-
pogenic nature, namely the importance of human action. Thereafter landscape is 
described as formal, aesthetic and perceptual environment and territory.

Sixteen years later this definition has become “obsolete” and ineffective in the 
contemporary context, which does not mean that landscapes of exceptional val-
ue should not be reconstructed or maintained; however we cannot deny that the 
concept of landscape significance has changed. In other words, over the years 
the meaning of landscape has been transformed from its most classic and static 
(“heritage”) to the one that identifies it as a productive surface, which can ben-
efit from and exploit natural resources in a particular context. During the period 
of modernism there happened a profound and peaceful transition of the defini-
tion of landscapes, which turned them into production areas, which, basing on 
needs or location, exploit the natural and spatial context in order to become pro-
ductive surfaces. A productive surface1 may depend on thorough understanding 
of the context, climate, as well as the natural processes. It can run either on a 
regional scale or at the level of a building due to its logical system of networks.
The question that we are asking to conclude this reasoning is whether or not fur-
ther transition of the concept of landscape may take place in the current context 
of climate change and policies that cover the projection of adaptation plans. En-
ergy production systems consume and transform into energy not only the natural 
resources extracted from the territory but also our own landscape.

It would be interesting to refer to these territories in a context in which even 
renewable energies, certainly being more sustainable than other systems but still 
leaving an impact on the environment, are conforming different landscapes and 
at the same time representing an era. A landscape approach would guide us in 
urban and regional contexts towards creation of new contemporary landscapes
passing from a landscape seen neither as a resource nor as a mere production 
area, to the new understanding of it as an energy landscape, which is resilient to 
the current era of big changes with an intrinsic landscape quality.

1.2  Towards (new) resilient landscapes

“(...) a convention, now ratified by most European Union countries, abolished 
(...) the idea of the territory, turning it by law in the landscape. (...) it is also the 
territory, such as landscape, an object of perception. “
Franco Farinelli2
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Farinelli in his article discusses transition from a modernist concept of territory, 
identified as a spatial system in which the surface of the planet is represented by 
providing an objective view of what is around us, to a concept, previously being 
in decay, according to which landscape managed to be resilient to changes in 
action and therefore returned to be the central topic in the contemporary debate,
itself becoming an invisible infrastructure that attaches us to a system of inter-
connected networks .

Reaching this transition stage (not only environmental / geographical, but also 
relational), we must concentrate our attention on the most advanced experiences 
of resilient cities, where vulnerabilities are absorbed and subsequently returned 
in perspective of a system that is able to react to changes.

Speaking of these metropolitan areas, however, we must not only make these 
scenarios adaptable to climate change but also equip them to face energy chal-
lenges that are in front of us. In this context one should be working on the 
creation of the above mentioned energy landscapes, linked to different forms 
of renewable energy, which in the coming decades are expected to make a sig-
nificant contribution to the process of sustainable development3 4 and energy 
self-efficiency.

The devices for the production and distribution of renewable energy must not 
only be more appropriate to the context, but also adapt to it. Because landscapes 
itself are in flux, our task will be to make them resilient to climate change, pro-
posing proactive landscapes and using new technologies. In the near future our 
cities will have to increasingly relate to energy producing landscapes or become
energy landscape themselves. This is an inevitable fact, and our task as “design-
ers” of values will be to create these production contexts from the energy point 
of view, and at the same time preserve their intrinsic characteristics. The new 
energy landscape models will have to become not only mere actors but they will 
have to trigger new modalities of approach.

Concentrating the focus of the research only on certain properties present in 
different rural territories, taking advantage of the quality of self-similarity of 
fractals, we hope to find a correlation between different parts, thus creating a 
network (smart grid) of the whole landscape, from rural to urban areas.
The thesis aims to cover the use of renewable energy with a focus on wind en-
ergy, while using different scales and creating new forms of landscape that are 
able to explore different contextual conditions in order to obtain new kinds of 
agricultural urban (or rural) landscapes, which have a deep connection with the 
sources of renewable energy.

To encourage proactivity of the (new) energy landscapes, it is important to de-
sign energy parks that are adaptable to climate change and at the same time have 
the potential to become representative places of our time. Despite the skepticism 
of many, the thesis argues that these parks can be integrated and can transform a 
landscape from a passive object to a carrier of new technological, logistical, and 
aesthetic content. The concept of transformation itself is an opportunity to trig-
ger generating processes and processes that create values.
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2. Objective: adaptability

The European Union, like other major industrialized economies of our planet, 
has committed to supporting a massive expansion of renewable energies with 
a view of achieving the international goals of reducing carbon gas emissions. 
Critical awareness of these goals remains fundamental, and the need to take 
adaptive actions in the energy field is recognized. The climate changes under-
way, along with their inevitable impacts and consequences not only in the envi-
ronmental field, suggest that the appearance and the spatial organization of ur-
ban and rural landscapes will undergo influences and farreaching changes. Since 
the production of renewable energy is seen as one of the fundamental objectives 
of our era, our task is to reintegrate it into the energy landscapes in which it is 
located or created, making a qualitative and quantitative contribution.

To do this, we chose Climate Adaptation Plans5 to be one of the application 
fields of the thesis in relation to changes taking place and the use of renewable 
energy sources, with the scope of understanding how our contribution could 
lead to the development of the Climate Adaptation Plans “Project” by interpret-
ing the concept of adaptation as a process of anticipating negative effects of
climate change and as a “design” of action which purpose is to prevent and re-
duce damages caused by the climatic conditions that accompany our era. The 
goal of the research will be to keep the Climate Adaptation Plans “Project” in 
line with European directives, using re-interpretation of the identified obstacles 
and needs, once again in future perspective to guide our interests to the develop-
ment of new opportunities.

To facilitate this development, the thesis aims to operate and work in line with 
the objectives set at different levels: European (Climate Action), national (Cov-
enant of Mayors), and local (Action Plan for Sustainable Energy). It will try to 
propose different scenarios of sustainability, in which it will be possible to proj-
ect different structures of transformation and change. The scenarios will not be
contradictory but they will trigger complementary actions, which will guide us 
to the definition of a vision of our rural areas based on the architecture of smart 
grids. In this sense they will define quality objectives that, depending on the 
contingencies and opportunities, will or will not become a priority.

Until now, the fight against climate change was conducted through two different 
types of action6, with which it is essential to work in an integrated way. The first 
corresponds to the adoption of measures (so-called interventions of “mitiga-
tion”) to reduce greenhouse gas emissions. The second type of action intends to 
reduce vulnerability of natural systems, increasing their resilience in the face of 
undergoing changes with the help of adaptation actions. The Climate Adaptation 
Plans describe future challenges, which have to be taken into account as they 
include both actions briefly described above.

They must be considered not as separate but rather as mixture and continuity, 
which use advanced energy systems as a foundation for urban and landscape 
planning.
Renewable energies that will guide us in this phase of energy transaction will 
not just be considered as elements of mitigation, but will be seen as features of 
the Plan’s instruments that regulate reasoning on the applicability of the latter in 
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Brussels, 29.6.2007 COM (2007) 354 final.
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different landscapes, following the schedules already applied in many cities of 
Northern Europe7. The thesis looks into the future of Climate Adaptation Plans 
that could become real project plans, not only able to arrange the tools and strat-
egies to make a city and its bordering territories adaptive to future predictions 
of change, but also allowing the consolidation of the concept of “pro-activity” 
targeted on simultaneous processing of plans that will work on the energy issue 
and provide for productivity and smart storage.

3. Perspectives towards a smart and adaptive landscape

The thesis aims to demonstrate that renewable energy systems are to be consid-
ered as real tools for creating new energy landscapes with the help of techno-
logical innovations, which make these systems adaptable to different multiscalar 
contexts8, as well as through integration of the latter into adaptive planning. 
Often, widespread resistance to installation of wind farms, solar-biomass plants 
etc. is caused mainly by the perception that people have of this systems, seeing 
them as incompatible with the context that hosts them; however if these were to 
be seen and studied from the perspective of “resilient landscapes”9 , it could rad-
ically change this impression. In fact, seen as described, the landscapes would 
not only be resilient to objective changes but also to various recognitions of 
sense of belonging in a human being towards the territories that he or she in-
habits, mainly due to the technological revolution, which has transformed wind 
power turbines into a real instrument and design object.
The present thesis aims to investigate and further elaborate a concept based on 
the model and architecture of “micro smart grid” (fig. 1-2), which is generally 
related to the territorial urban and district power grids being a reference for con-
figuration of a process / project that is able to regenerate existing and elaborate 
new scenarios.
As regards energy grids, the concept of smart grids refers to their ability to man-
age the flow of energy in a flexible, dynamic and adaptive way, in contrast with 
mutated management of production, consumption and storage. Similarly, the 
smart grid of resilient landscapes proposed in this thesis, would use the existing 
system, transforming it into a set of steps in production of the environmental,
cultural, economic, and landscape values, which are named and identified as 
real catalysts. Triggering creation of an adaptive structure with respect to strate-
gies, visions, and short-term, medium-term and long-term projects in fact trans-
forms wind farms, solar-biomass plants etc. into true and proper energy parks, 
connected with urban design not only from the perspective of energy production 
but mainly in the vision of landscape and quality creation.
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7 One of the city that currently stà dall’appicazione report significant benefits of climate 
adaptation plans is Rotterdam, with “Rotterdam
Climate Change Adaptation Strategy”.
8 A Multi-Scalar Approach to eorizing Socio- Ecological Dynamics of Urban Residen-
tial Landscapes. Recommended Citation. Article 6.
Urban residential expansion increasingly drives land use, land cover and ecological 
changes worldwide, yet social science theories
explaining such change remain under-developed. Existing theories o en focus on pro-
cesses occurring at one scale, while ignoring other
scales. It is for this motive it is important make these devices systems adaptable to dif-
ferent multiscalar contexts.
9 There are criteria of allow us to redefine, in a resilient landscape-centered perspec-
tive, those urban standards which date back to the modernist period, founded on “wild-
fire expansion” of urban settlements and on “car-based” policies which now result 
inadequate, if applied to present contexts. (Proceedings of the Resilient Cities 2013 
congress).
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The output of the research will be to create a taxonomy of case studies and of 
good practices related to the theme of wind power and not only, which will be 
read and analyzed according to the main characteristics of a catalyst in terms 
of usability, accessibility, frequency and services in order to deduce and subse-
quently articulate a prototype of green island for the Venice Lido10. It will be the 
outcome of various trims that “micro smart grids” produce through connections 
in the network of existing or potential nodes (catalysts)11 (fig. 3), which can be 
activated according to three scenarios of intervention and study identified and 
another is, non-oppositional strategies.

Fig. 1 (MICRO SMART GRID green island for the Venice Lido. Imm. By Giulia Garba-
rini)
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10 Research project : L.I.D.O. Living Island Design Opportunities - Venezia
Scenari sostenibili per il Lido di Venezia.
Università di Trento , Sinergo Spa.
11 The difference between the catalyst and these redevelopment strategies is that cata-
lytic redevelopment is a holistic approach, not a cleanslate
approach, to revitalizing the urban fabric. (From the book : Urban Catalyst. The Power 
of Temporary Use. Philipp Oswalt, Klaus
Overmeyer, Philipp Misselwitz)
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Fig. 2 (MICRO SMART GRID green island for the Venice Lido. Imm. By Giulia Garba-
rini)

Fig. (Catalyst green island for the Venice Lido. Imm. By Giulia Garbarini)
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Abstract

Games have been put forward as a way of easing participatory processes ever 
since the sixties, having the ability to give form to cooperative environments and 
support actor interaction. However, developing a good game is time-consuming 
and thus costly. Considering that civic participation requires the involvement of 
multiple audiences, typically addressing a multitude of issues over longer peri-
ods of time, it is clear that such a process calls for a series of games, making it 
virtually impossible for one organization to cope with. 
As such, this paper proposes to no longer reasons in terms of complete games, 
but rather in terms of generic mini-games addressing particular challenges/
objectives of civic participation. These mini-games can then be combined into a 
‘full’ game in order to align the actions of all actors involved.

1. Introduction

The need to include multiple stakeholders in complex urban development proj-
ects – large infrastructural projects, urban regeneration projects – has reintro-
duced the interest in civic participation. Ever since the sixties, policy makers 
have been experimenting with participatory forms of governance as central 
objectives in various spatial policies. These new forms of governance resulted 
in models such as advocacy planning, collaborative planning, communicative 
planning and trans-active planning, revealing various challenges. Failing in 
maintaining long-term participant motivation and reaching traditionally under-
represented members of the population, burdens participatory processes. Adding 
to this, misunderstandings related to differences in expertise and incapacity to 
overcome unequal resource distribution (Arnstein, 1969, Healey, 1997; Pares 
& March, 2013) make the process not only slow but sometimes inefficient. 
As local governments grow more and more interested in civic participation, it 
becomes important to explore available methodologies addressing challenges 
related with participatory processes. Games have been applied in participatory 
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processes since the 1960’s (Abt, 1969; Duke, 1975) as a means of overcoming 
these challenges. Gordon and Baldwin-Philippi (2014) argue that some of the 
main advantages in engaging citizens in participatory processes via the use of 
games are civic reflection, development of lateral and vertical trust, as well as 
civic learning. Games have the potential to foster cooperative environments and 
ease the understanding process as they provide a framework for setting collec-
tive goals. They provide a structure based on rules and mechanics that can steer 
participatory processes while acting as a porous communication platform. 
‘The various actions, behaviours, and control mechanisms afforded to the 
player’ (Hunicke et al, 2004) emerge during the game as a result of combining 
different mechanics that translate to content. Nevertheless, the use of games 
in participatory processes is not in itself unproblematic, considering that civic 
participation is an open process that requires the involvement of multiple au-
diences, typically addressing a multitude of issues over longer periods of time. 
It is clear that such a process calls for a series of games, making it virtually 
impossible for one organization to cope with. As such, this paper proposes to no 
longer reasons in terms of complete games, but rather in terms of generic mini-
games addressing particular challenges/objectives of civic participation. These 
mini-games can then be combined into a ‘full’ game in order to align the actions 
of all actors involved.

The paper starts by introducing the different working environments and chal-
lenges encountered followed by a section that describes four different mini-
games designed to address these challenges. We conclude with a model, a tool-
box for mini-games supporting participatory processes. 

2. Living Labs and Design Goals 

Four mini-games are developed as part of a co-located participatory process 
that is meant to facilitate a better understanding of complex urban problems. 
The prototypes are developed to foster social interaction between players by 
implementing, adapting and testing game mechanics in specific scenarios. The 
mini-games will be tested in three Living Lab environments: Genk, Belgium, 
Vienna, Austria and Groningen, the Netherlands. Each location looks a specific 
study area and addresses a specific topic: Genk - opening public debate on work 
and workspaces, Vienna - urban mobility and Groningen - reduction of carbon 
footprint amongst young adults. The exploratory period investigated the three 
living labs and their aims and challenges that serve as basis for the game design 
goals and prototyping (Table 1). Accordingly, the mini-games are a collection 
of digital, card and board games that aim to introduce people to different topics, 
concerning their communities and stimulate brainstorming and discussion. 
Table 1. Game Design Goals in the Three Locations

 GENK GRONINGEN VIENNA
FLOATING CITY   FLOATING CITY FLOATING CITY 
Design goals What collective project do we want? What do we want to do 
together?
> generating ideas
> explaining values > generating and collecting ideas 
Taking a specific idea and discussing how to make it happen. Evaluate positive 
and negative points generating ideas
Type of game card-based game
gamified brainstorm card based game
 > brainstorming with game/elements, playful activity card game
Who is the game for? Mixed groups and/or specific groups 
Age: 16 - 60+
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Education: mixed groups and/or specific groups (low educated – higher educa-
tion) 
Gaming experience: low to none Mixed audience, highschools, muicipality, 
initiatives; could be that there is a backlog on higher educated, white males we 
have a very mixed group. 
Age:16 -75, mostly educated, white, mostly males Mixed groups and/or 
specific groups 
Age: 16 - 60+
Education: mixed groups and/or specific groups (low educated – higher educa-
tion)
Input Player brainstorms   helping to balance the city
Narrative Foster positive thinking, commonality between participants 
provides a motivating structure for discussions that involves 
all participants in expressing shared values Group discovers different ideas 
and topics they consider important (positievely/negatively) for a certain spatial 
entity,   
Expected dynamics Participants interact, define common values, 
discuss issues, compare differences in perspectives 
upon issues, react to behaviour that does not comply with their norms or values 
(1) collective reflection  (1) collective reflection 
(2) collective process of decision making
Expected experience > collective reflection 
> collective efficacy > explore different interests and topics 
 > let players discover that there are joint interests (weights for the topics) 
> collective reflection 
> collective efficacy  > collective reflection 
> collective efficacy
Mechanics Collaboration > collaboration 
> collecting (ideas)
> selecting (ideas, weights) What are the main collective ambitions?
Output (1) shared norms
(2) shared success criteria
(3) a collective project (program) 
> what are (collective) ambitions? > Broad Collection of different weight-
ed ideas and topics  
Debriefing > Summary and comments from people on the different ideas 
> Information what happens with the collection next! (follow up) > Recap of the 
activity 
> Summary and comments from people on the different ideas 
> Information what happens with the collection next! (follow up) documentation 
of ideas and of the process
Setting of the game (1) living lab setting, workshops
(2) long participatory processes faculty, community centers  
Expected time of the game

 1h – 1h30’ 1-1,5h 2 h
CITY MAKERS   CITY MAKERS CITY MAKERS
Design goals What do we need to implement this collective project?
> balancing individual & collective goals
> networking > Which resources and steps are necessary to realise projects
  How to realise a project? networking
Type of game Card game  board game / card game board card game
Who is the game for? Mixed groups and/or specific groups 
Age: 16 - 60+
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Education: mixed groups and/or specific groups (low educated – higher educa-
tion) 
Gaming experience: low to none mixed audience, probably backog on higher 
educated, white men  
Input floating city 
safari > exploratory phase, interviews 
> literature study, policy review, existing projects 
> knowledge gained from the co-creation/co-design of safari floating city 
safari
Narrative 
> define the steps that you need to implement the action
> define your own project
> define for yourself which achievements you need to succeed in this project  
> define various projects to help transition in cities  
Expected dynamics People collaborate over particular assignments, sabo-
taging common ‘enemy’, to change perspectives (e.g. no longer see something 
as a problem but as a challenge …), people evaluate one’s action’s, role, assess 
progress > collaboration among players 
> competition 
> partly collaboration and networking to help each other, but also compete for 
scarce resources or getting there first.  
Expected experience > increased trust 
> informing 
> collective learning > learning on administrative capacity 
> learning on resources necessary 
> experiencing that collaboration is necessary for certain projects
> civic learning (debriefing) capacity building, collective learning > in-
creased trust 
> informing 
> collective learning
Mechanics Collaboration & competition > collecting resources 
> trading resources 
> competing for projects 
> building networks > collecting resources 
> trading resources
Output (1) alliances of players, linked to the projects/resources 
(2) strategies/steps/actors required to implement the given project
(3) proposals for (extra) actors, individual projects and collective projects
> what are chosen projects to reach the (collective) ambitions / to address a 
common challenge unclear yet > common challenge = climate 
change//projects 
> address climate change e.g. sharing (mobility, food, gardens)
Debriefing > ask players to reflect on alternative projects unclear 
yet  
Setting of the game (1) living lab setting, workshops
(2) long participatory processes faculty, community centers (1) l work-
shops
(2) long participatory processes
Expected time of the game 30’ – 40’ 1-1,5h 1h
SAFARI    SAFARI  SAFARI 
Design goals > informing > information, 
> social learning
> civic learning 
> spatial capacity building > activating
> informing
 capacity building
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Type of game Game board, gamified process board game board card 
game
Who is the game for? Age: 16 - 60+ 
Education: mixed groups and/or specific groups (low educated – higher educa-
tion) 
Gaming experience: low to none mixed audience gaming experience: little
Input Floating City > policy reports / interviews with energy people
>prior knowledge from the vienna proto/typing and playtesting  
Narrative > People and collectives of people are exploring the region and 
by implementing projects are contributing to the transition of Genk
> collaborative effort, how much do you get done during a certain number of 
rounds  > Region & City of Groningen wants to turn energy neutral 
> People and collectives of people are exploring the region and by implement-
ing projects are contributing 
to the energy transition 
> collaborative effort, how much do you get done during a certain number of 
rounds 
> competitive: how many KW points can I collects 
> the different qualities of the projects request different resources (people/net-
work, money, permits, etc) to get implmented 
> different projects are including externalities or effects > collectives of people 
are exploring the region and by implementing projects are contributing to the 
transition process
Expected dynamics > individual action, 
> contextualizes people’s actions, 
> participants evaluate one’s action’s/ role, use of information
Expected experience > informing 
> learning
> capacity building information, collective learning > activating, informing 
> learning
> capacity building
Mechanics >individual action 
> resource management 
> territorial acquisition – in the form of investing in areas
> chance (e.g. rolling the die and the betting)
trivia > Collecting: resocurses for project implementation, KW points to 
achieve the goal 
> Sharing: resources and knowledge
> chance: rolling dice, which direction the player moves and colours/projects 
chosen 
> Resource management: balancing my resources for the next rounds 
> Quiz: quiz question replacing the dice (sometimes) 
> Progression (perhaps)? With the clusters ???? not sure, if that counts as pro-
gression? 
> Round limit: the game is limited to a certain number of rounds 
> Competition: competing against each other in collecting KW points > Indi-
vidual action 
> resource management 
Output > Which are the projects participants choose to support most?
> What are the different projects in Genk?  > not yet defined > im-
portant projects for players
Debriefing (1) analysis of the choice of projects  1) Analysis of the KW 
& choice of projects (in case you choose!) 
2) What was new? Novelty and Learning 
3) Cooperative / competitive 
4) Check intended experience (learning, capacity) 
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1) What was new? Novelty and Learning 
2) Cooperative / competitive 
3) analysis of the chosen projects
Setting of the game (1) living lab setting, workshops
(2) long participatory processes faculty, community centers semi-closed 
settings
Expected time of the game 30’ 1-1,5h 45-50’
MY BIZZ   MY BIZZ MY BIZZ
Design goals what do we need to realize our collective project?
> collective management   collective managemnet // self-organisa-
tion
Type of game game  digital
Who is the game for? Mixed groups and/or specific groups 
Age: 16 - 60+
Education: mixed groups and/or specific groups (low educated – higher educa-
tion) 
Gaming experience: low to none  Mixed groups and/or specific groups 
Age: 16 - 35
Education: mixed groups and/or specific groups (low educated – higher educa-
tion) 
Input Floating City, City Makers, Safari  not definet yet
Narrative product choice, attracting customers   not defined yet
Expected dynamics > collective decissions 
> resource management  > collective decision
Expected experience > collaborative action  > player collaboration
Mechanics Resource Management: Storage, Capacity, Abilities 
Chance: Customer walking path, satisfaction and money amount
Twitch: Using the abilities
Competitive Entity: attracts customers, deprives players of profit
Progression: Upgrades, City Projects
Time limit: Rounds are limited by time  Resource Management: Stor-
age, Capacity, Abilities 
Chance: Customer walking path, satisfaction and money amount
Twitch: Using the abilities
Competitive Entity: attracts customers, deprives players of profit
Progression: Upgrades, City Projects
Time limit: Rounds are limited by time
Output (1) resources 
(2) alliances of actors, linked to the resources 
(3) sequence of actions
> what is the action plan to implement the collective project?  (1) 
resources 
(2) alliances of actors, linked to the resources 
Debriefing No debriefing  No debriefing
Setting of the game (1) living lab setting, workshops
(2) long participatory processes  ONLINE // short, midterm and 
longterm
Expected time of the game 5’-10’  5’-10’
> like a game-app for public download

With these aims in mind we proceeded by developing mini-games that can 
foster collective reflection and lateral trust (Table 1). If learning is a collective 
action during which a group of people reflects upon their actions of participa-
tion (Schaffer, Squire, Halverson and Gee 2005), than such a process requires 
trust.  Community members need to trust that their opinions will be taken seri-
ously and will be included in the decision making process, that their opinions 
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have power and will be supported by others and reinforced by giving produc-
tive input a/o take future action. This is both lateral trust, between members of 
the community, as vertical trust, between the community and local authorities 
(Gordon & Baldwin-Philippi, 2014). According to Gordon & Baldwin-Philippi 
(2014), lateral trust is a precondition for association building, “simultaneously 
providing a context within which citizens believe in the importance of their ac-
tions and creating associations among individuals and between publics that have 
the potential for future productive use” (p. 778). A civic learning process is suc-
cessful when it helps these associations to make public decisions and establish 
public policies (Schaffer, Squire, Halverson and Gee 2005).
Sampson (1997) refers to the capacity of a group to realize collective goals as 
opposed to forced ones as a process of collective efficacy. As in the case of civic 
learning, collective efficacy depends on two types of trust: mutual (or lateral) 
trust, refers to the belief in one’s own capacities and in the capacities of others. 
In summary, the concepts of civic learning and collective efficacy can be oper-
ationalized as collective reflection, (perception of) lateral trust and (perception 
of) vertical trust (or willingness to intervene). What follows is an attempt to 
translate these concepts into design goals:
Aesthetics related to collective reflection:
- to make people experience that they share concerns, values and norms
- to make people experience that they play a role in these concerns
- to make people experience that they also can have different perspectives on the 
same concerns
- to make people experience that they can anyway come to shared objectives
Aesthetics related to lateral trust:
- to make people experience that they share capacities and roles
- to make people experience that it is also good to have different capacities and 
roles
- to make people experience pleasure in reaching a common objective
- to make people experience appreciation for taking initiative
Aesthetics related to vertical trust:
- to make people experience reward in involving external actors
2. Game Concepts 

With these design goals in mind, four mini-game prototypes were designed as 
exploratory activities for groups of four to eight participants. Alternatively, the 
games could either feature multiple groups, each playing separate instances, or 
be scaled up to work with a greater number of players. To accommodate for dif-
ferent playing preferences and contexts, three entirely separate approaches were 
chosen: a card-based game, a map/board game and a digital game. Although 
each of the game prototypes focuses on different aspects of the identified design 
goals, all of the games share a number of similar features: 

1. Each game is designed for a co-located context, i.e. players interact within 
the same physical space,
2. All games foster communication between individual players,
3. The games aim to establish trust between players and promote the ideals of 
collective efficacy.
A brief description of each game prototype is given followed by a brief analysis 
of its proposed benefits in respect to the design goals.
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2.1  Game Concept 1: Floating City

The first game concept, Floating City, is a card-based activity. Such games are 
routinely used to help groups quickly identify major problems with a product 
or service without getting too caught up with the negativity typically associated 
with voicing complaints. In Floating City, the respective town, city or neigh-
bourhood of the players serves as the focus for collective reflection activities. 
In this game world, cities (or neighbourhoods) of the future are elevated into 
the air like floating castles to have a better access to resources (i.e. the sun) and 
better views of the world below. However, each city needs to be tethered so 
that it does not float away due to wind or other adverse conditions. The weight 
of pressing urban problems also influences the height cities can attain, and the 
higher a city flies, the better the quality of life.

In the first round, players are presented with a graphical representation of their 
floating city and given cards of two separate colours (e.g. brown and yellow) 
and asked to write down the strengths (brown cards) and problem areas (yellow 
cards) of their city or neighborhood. For the problem cards, players also need to 
estimate the “weight” of the respective problem (in tons, kilograms, etc.). The 
cards are then collected and then examined together by the group (with a mod-
erator). Only strengths that were identified by at least two players are then add-
ed as tethers to the graphical representation of their city. In the second round, 
all players receive an additional card of an additional color (e.g. green). After 
selecting one of the established problems that they are most concerned about, 
each player proposes an idea to lessen its metaphorical “weight”. The new cards 
are then reviewed in the group and each player gives their estimate to how much 
“weight” each of the proposals would relieve. The average of those answers is 
taken and the weight of the city is recalculated. This process could be repeated 
for multiple steps, but the goal is to calculate the weight difference between the 
initial and final phases of the game so that players can quantify the results of 
their brainstorming.

Benefits: The proposed game structures the brainstorming process and provides 
democratic mechanisms for sharing and evaluating the ideas of others. It pro-
motes reflection as an individual and as a group and reinforces the identification 
of shared beliefs.

2.2 Game Concept 2: City Makers

The City Makers card game has one simple idea at its core - present projects as 
a set of steps that people need to collect resources for. By doing so, players will 
learn about the different resources needed for particular projects happening in 
the city. The game adapts abstract terms such as material, permit and location 
as resources, which players obtain in the form of cards. Each player receives a 
project that they need to finish to acquire points. For example - to start a busi-
ness one might need to have a budget, idea, location and people to work with. 
Players receive three player cards and a project. Players place their projects on 
the table, visible for everyone. Steps must be finished in the correct order by 
placing the required resource  and each accomplished step is placed on the right 
side of the project. Players can invest in other players projects by completing 
one of the steps. Players can invest in each other’s projects by contributing re-
sources one of their cards and a token, which awards them additional a points 
if the project is completed. The idea of the common project  - players can con-
tribute their resources to it in order to obtain action cards, which provide them 
with actions such as special rolling the die to trigger an event, sabotage or a 
universal resources. The common project is simply bigger and requires resource 
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investments from all players. Players can invest as many resources as they want 
in one turn. At the end of the game, players are asked to customize a project of 
their own with available resources.

Benefits: The game fosters reflection on the steps needed to take in real life 
projects by motivating players to think within the constraints of the game. Here-
in lies the learning aspect of the game - through the abstraction of resources 
and social interactions players attain certain ideas about how this can work in 
real-life scenarios.

2.3 Game Concept 3: Safari

Safari is a board game that presents an abstracted map of the province/city that 
uses it tessellated in units of five different colours standing for different types of 
projects that one can realize in that area from which, one that represents squares 
where nothing happens. At the beginning of each round every player has to pay 
four coins for using fossil based energy. In every round energy costs rise.  The 
player rolls the dice and decides in which direction he wants to move. When the 
player lands on a coloured tile, he receives a task card of the same colour with 
a project he needs to realize. Projects are described on cards piled according 
to project type with the main side up. Each task requires the player to network 
with other players, to get permits and to get the finance. Network is achieved by 
asking fellow players to bet one or more of their coins in the project. A player 
can also realise the project only by himself. In this case he has to bet for one 
but gets the revenue of each missing partner, however he does not receive any 
Community points. Permit can be granted by rolling the dice or answering a 
quiz question. Some projects do not require a permit to be realized. Finances are 
decided based on the dice roll. Each project also has effects on its neighbouring 
tiles. Project-specific variations on these scenarios are described on the project 
cards and can include additional costs or profits in any of the currencies and 
pulling a joker card. For each completed project, the player places a flag with 
his colour on the tile of the completed project. Each project owner receives two 
coins in each round and each project participant receives one coin as revenue, 
representing money he saves or earns by using sustainable energy. One event 
card is played at the end of each round. 

Benefits: The game acts as a platform where collectives of people are exploring 
the region and, by implementing projects, are contributing to the transition of 
their city. It promotes collective effort and competition among players while 
making clear how different qualities of a project requests different resources 
(people/network, money, permits, etc.) to get implemented. 

2.4 Game Concept 4: My Bizz

My Bizz is a video game where players control a branch of a company, small 
shop and are in charge for its improvement, product choice, attracting custom-
ers and help the other branches do the same. Customers walk freely along the 
shopping street. They are attracted to the shops and spend some time inside 
shopping. Their money and satisfaction are affected by the shop’s stats. If one 
of them is depleted, they leave the shopping area. Players use abilities to restock 
products, attract and entertain customers. When attracted, customers run to the 
shop, buy the product and change their need to another colour. Players have to 
cooperate to satisfy the customers as fast as possible. The happiness level of 
customers depletes over time so players should act fast. At the end of each day 
all revenue is collected by the mother company and each shop receives a part 
of it plus a bonus for the best performing players. Players take turns in deciding 
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what global improvement to make - they are given the choice to improve the 
city, the company or the welfare of citizens. Depending on the choice, certain 
things change. The earned money can be spent on upgrades, abilities and invest-
ed in the city. This unlocks new  production slots, abilities and increases cus-
tomer needs and money.

Benefits: The game structures a collaborative action and provides mechanisms 
for resource management. It promotes shared action, decisions that have to be 
taken as a group and reinforces the identification of collective benefits.

3. Conclusions

By nature, games are a participatory mediums that offer individuals help in un-
derstanding complex issues and support them in participatory processes. Using 
games in a collocated setting also provides the benefit of interpersonal commu-
nication, allowing and/or forcing participants to verbalize and therefore more 
profoundly concern themselves with their own opinions, beliefs and ideas, as 
well as those from others. A few limitations defined the direction of the games 
and guided the design process from the beginning. The games should be play-
able by up to six players in a mixed group (different age, sex, education, game 
experience) and be adaptable to each project partner scenario. Each of the lo-
cations deals with a specific topic and the games need to be adaptable to each 
one of them. Game events and interactions between players should make sense 
in each of the settings since they would later be compared with each other and 
evaluated.

Specific design goals need to be met when creating games that promote civic 
awareness and participation. These goals focus on establishing commonality 
and trust between participants. When such games provide multiple goals and 
mechanics they become a promising methodology that fosters civic participa-
tion where players are continuously activated.
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Abstract 

This paper presents the possibility of developing educational and operational 
digital infrastructure in the form of video games to address architectural and 
urban scenarios with the aid of a massively distributed crowd. The paper out-
lines the development and implementation of the game Block’hood, designed 
a diagram of real world conditions, allowing players to explore and design 
patterns for the implementation of 21st century neighborhoods. The paper de-
scribes the opportunities and challenges of such approach in the context of a 
digital infrastructure that can operate a planetary scale, emphasizing social and 
ecological values for social participation. The paper further speculates on the 
engagement of such platforms with a highly performative crowd that has profes-
sionalized videogames into e-sports, suggesting that games could truly become 
a medium for human-machine symbiosis.

1. Introduction – Massive engagement through games

We live in interesting times, times in which one individual can create global 
impact targeting audiences with diverse disciplines and ages by the develop-
ment of different forms of digital infrastructure. The power of technology today 
is rooted in its propagation and forms of dissemination, allowing small indi-
vidual projects to reach a new planetary scale. This scale of action needs to be 
understood beyond the traditional scales of architecture; we cannot address this 
planetary scale in a S,M,L,XL (Koolhass et al. 1998) taxonomy as this scale is 
vast and disperse. Computation has given rise to this new scale for design oper-
ations, one that can engage individuals all over the globe simultaneously. Ben-
jamin Bratton describes this global digital infrastructure as ‘the Stack’(Bratton 
2016), an accidental megastructure that has accumulated years of technological 
layers that push and pull the interactions between users, both human and other-
wise.

BLOCK’HOOD, ATTEMPTS OF DESIGN AT A 
PLANETARY SCALE
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The tools for access this scale of design and computation is programming lan-
guages. There is no real alternative to this issue, as much as design discipline 
might prefer other forms of design. Programming languages have proliferated 
and become a new form of literacy for developing 21st century infrastructure, 
becoming a lingua franca between different disciplines allowing for the ex-
change of information and expertise between professions. We live in a time of 
convergence, where programming languages, APIs and libraries encapsulate ex-
pert knowledge increasing cross disciplinary interactions. Architects can access 
global data by remote sensors, implement structural optimization, rationalize 
fabrication or learn about crowd’s behavioral patterns without the need to study 
any of this subjects in depth, just by implementing the encapsulated knowledge 
in an interface. 

In this landscape we have seen the emergence of new mediums that are able 
take advantage of an on growing digital infrastructure. Software can be con-
sidered the fundamental medium of a technological era, but such denomination 
is still too broad to address the issues of the current design landscape. Games, 
on the other hand, are a subgenre with a particular attitude in the interaction 
of humans and computers, allowing also for a bias that can engage audiences 
in a particular narrative. Games have become mass media products engaging 
audiences of all ages dealing with complex issues in often simplified formats. 
The key here is to think of platforms of engagement at a large scale, that is why 
games, as opposed to specialized software, have an edge on breaking from niche 
users towards global audiences. A game is required to take responsibility over a 
player’s experience, taking them from complete ignorance to mastery in just a 
few hours.

2. The road towards a playable city simulation

Never before, architecture and design had had tools to address communities in 
such an interactive and engaging way, sampling user behavior to a diverse set of 
scenarios. This kind of platforms, have historically been in hands of large com-
panies where hundreds of engineers develop the experience players will find in 
the market. This is no longer the landscape in which games are developed; the 
democratization of gaming engines such as Unity 3D and Unreal Engine, have 
contributed to the development of a vibrant and dynamic scene of independent 
developers, where small teams (even individuals) are able to develop and put in 
the market a potentially million-dollar product that can engage millions of users 
just via digital distribution. Platforms such as STEAM allow for indie develop-
ers to sell their games to a global audience without the need of retail copies or 
physical products. 

Games like Minecraft have become success stories of independent developers 
navigating this new marketplace. Is precisely in this landscape of fast iterative 
prototyping and innovation where individuals with different ideas can innovate 
and add novelty to the field, questioning the conventions and discovering new 
desires present among player communities. Minecraft is a game that did all this 
by proving how user generated content could be a game, without the need to 
follow the conventions of narrative inherited from film which many early video 
games adopted. Some associate Minecraft more like a toy, where you can con-
stantly tinker and play with the pieces of a system, but Minecraft has become 
much more than that; By allowing user creations to define interactions, the game 
has been able to develop a true digital culture, where the contribution of users is 
as important as the support from developers. Minecraft has become a medium in 
itself, as an entertainment and education tool to address a whole series of issues 
across disciplines.
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Figure 1 – Screenshot from a settlement in Minecraft.

The digital culture generated by Minecraft has allowed games like Block’hood 
to exist. The gamble here is to address urban and environmental issues assum-
ing a vocabulary of discrete parts that interact with one another; Block’hood is a 
neighborhood simulator video game developed by Plethora Project directed by 
Jose Sanchez. The game is an attempt to engage a global audience with notions 
of ecology, entropy and coexistence. The game uses an input / output paradigm 
to model the circularity of resources between a community, encouraging the 
player to think creatively of how to minimize the production of waste and the 
consequences of different players in an economy. The simulation needs to be 
maintained in a state of equilibrium, otherwise the creations will deteriorate and 
decay, generating a design space that is constantly making the player aware of 
the actions and decisions he or she takes.

3. The simulation principles of Block’hood

The model of Block’hood is based on a diagrammatic version of the real world. 
Block’hood models the interactions between blocks by transactiona of resourc-
es. ‘Resources’ in the game is a broad term to describe any material or immate-
rial currency that circulates in our current cities, ranging from water, electricity 
or oil, to knowledge, community or risk. The ability for the development team 
be able to add new resources to the system, allows for a large granularity in the 
simulation, being able to engage issues like food production chains, industrial or 
organic process and even the social conditions for labor. 
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Figure 2 – Ecological interdependences in Block’hood.

The second mechanic of the game is that of entropy, or the challenge to the 
player to avoid decay. Every interaction in the game is considered as a request 
to use some of the community’s resources. If those resources are available, the 
block will produce an outcome, usually a different set of resources. In the case 
that there are not enough resources available, the block will increase its decay 
value. Each block has a particular resilience, determined by the amount of decay 
it can tolerate before collapsing. This is what is described as the decay rule, as 
long as blocks are in balance with other productive blocks, the community is in 
a state of equilibrium, but this equilibrium is fragile, as many conditions threat-
en the consistent production of resources. Elements such as weather or inhabi-
tants provide a framework to think of the events and unexpected circumstances 
that often occur in the urban landscape, promoting players to pursue anti-fragile 
(Taleb 2014) strategies of development. 

Figure 2 – Player’s creation within Block’hood.
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Block’hood is a game about designing and envisioning a neighborhood, while 
maintaining balance to the requirements of creations. The difficulty of the game, 
in this sense, is the ambition of the player, as the complexity of the system is 
directly mapped to the amount of scope of a particular construction. The game 
has been conceived as a series of databases that interact with one another, gen-
erating a complex adaptive system. The core databases are: Blocks, resources, 
inhabitants and players. It’s important to include in this list players themselves, 
as the simulation cannot operate dynamically without human interaction. Some 
argue that this human interaction could be replaced by an artificial intelligence, 
but the objectives of this research has been to develop interfaces for intelligence 
augmentation, supporting the role of human designers, not to replace them. 
Some of the notions of creativity and design, operate outside the metrics and 
scores that the game can make explicit, so, I would argue that is still important 
to maintain human intuition as one of the agencies in the system. The other 
three databases are defined by blocks, resources and inhabitants; Blocks refer 
to any environment or urban tile, often static but requires inputs and outputs of 
resources. Resources is the data that navigate between blocks. Inhabitants repre-
sent and free roaming actor or event that can operate in different locations in the 
system; this agents vary from humans to animals or even events like a perfor-
mance or a riot.  

The output of a player is a diagrammatic neighborhood that will have to ad-
dress production of energy, forms of inhabitation, production chains and waste 
management, although the idea of waste is something that the game wants to 
challenge; The model used by Block’hood supports resource circularity and 
any excess is considered negative. The game uses the analogy of aquaculture 
technology where the waste of hydroponic vegetables feeds fish which in turn 
produce the nutrients and requirements for feeding the plants. This is a model of 
symbiosis that attempts to reduce the production of waste. This is a model that 
has been adopted by urban farming facilities like ‘The Plant’ (Edel 2011)in Chi-
cago, promoting a larger ecosystem of small businesses that can feed from each 
other’s outputs. Additionally, The Plant, collects all the waste that still remains 
from productive processes to feed an anaerobic digester used to heat and pro-
vide electricity to the building, creating a tight interdependent ecosystem that 
maximizes productivity.
The Plant was one of the key inspirations for the development of Block’hood, 
believing that both business opportunities and ecological initiatives could have a 
convergence in an age of information.

 
Figure 3 – Urban farming facility, ‘The Plant’ Chicago.
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The interdependence of the four constituent entities (blocks, resources, in-
habitants and players) define a complex web of interdependence, one that is 
in constant movement. Players operate as a combinatorial engine, producing 
chains of production replicating models from the real world. At any given point, 
players realize the possibility to hybridize production chains using concepts of 
neighboring industries. This recombination practice is native to games as has 
been popularized with the idea of a ‘combo’. Players understand that games are 
good at offering discrete bits of meaning for a player to assemble. This consti-
tute the fundamental freedom of a player, a finite set of options to be executed 
in a specific order in an arbitrary location of a game space. As argued elsewhere 
(Sanchez 2015), this strategies could be considered spatio-temporal combina-
tion strategies which makes them particularly useful for the modeling of urban 
dynamic systems and their generation through a simulation interface. 

 

Figure 4 – Production chain alternatives to a player; 
Contrast between Industrial and organic food production.

4. Social emergence from participation and gameplay

The game approach seeks to create unexpected encounters among the constitu-
ent parts, as the search space of all possible interactions would be mathematical-
ly impossible to optimize. This is where human intuition works best, especially 
as part of a cohort or community that can engage a problem as a hive mind. 
Games have enabled large crowds of players to intuitively explore all possible 
paths within digital systems, often discovering (and exploiting) the unexpected 
interactions in a simulation. This is often called a bug, a loophole or a glitch, 
where players go beyond the expectation of the designer, forcing for an update, 
creating a true symbiosis between a player community and a development team.

Games like Block’hood seek to engage such culture. The game was released in 
March 10 2016 under an early access license, meaning that the game is still un-
finished at the date of this publication. By releasing an unfinished product, the 
development team is able to use the player’s feedback to improve the game and 
balance the simulation. Games are a form of communication and they require 
clear and intuitive interfaces that can communicate to players without lengthy 
manuals or tutorials. Players are relentless at the moment of speculate in what 
could be improved and demand that every feature of the game works flawlessly, 
as they are customers that have paid for a product, and they feel empowered 
to request improvements. If done well, a game can really become an extension 
of a human mind, allowing a player to intuitively play and manage complex 
variables with ease. The emerging phenomenon of e-sports (electronic sports or 
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competitive video games) has been growing steadily in the past years elevating 
pro-gamers to stardom. Game players are trained and sponsor to play in compet-
itive events demonstrating an incredible virtuosity in a given platform. Studies 
show that a pro-gamer can perform 10 moves per second, which is incredible 
slow if compared with a computer but extremely fast if we factor in the kind of 
decision making at play (Lejacq 2013). The development of complex strategies 
is not just operating in the mind of the player, but rather in the symbiosis that a 
player establishes with the game and the data presented at any given time. This 
is perhaps what J.C.R. Licklider would define human machine symbiosis (Lick-
lider 1960).

 

 Figure  5 – Professional gamers at an e-sports event

This are the technologies that we have available today, not only forms of per-
sonal empowerment but also mediums for social participation. The unexpected 
solution provided by a player from across the globe can live in the blind spot 
of any given idiosyncrasies, allowing for games to break conventions and inno-
vate, propagating ideas and dominant strategies among a networked community.  
Far from participatory models where an architect or city council would invite a 
community to give an opinion on possible plans of action, games offer the pos-
sibility not only to give an opinion, but rather provide an operational model that 
takes into consideration the requirements of the institutions involved. A neigh-
borhood can be considered in its self-sufficiency, quality of housing and even in 
the amount of surplus it can generate towards the community. Such platforms 
can also demonstrate some of the complexities of mediation among opposing 
interests and even generate empathy among communities.

The creations of players using games like Block’hood need to be seen as pat-
terns (Alexander et al. 1977), not solutions in themselves, as the conditioning 
factors for a particular can vary greatly from gameplay to gameplay. Patterns 
should also be seen as transitory and idiosyncratic, not a universal formula to 
be replicated out of context. Block’hood is a game that changes the variables 
of production and relation between units based on weather, seasons, and even 
events in the simulation advocating for ad-hoc design rather than archetypes. 
The urban strategy played out by thousands of players worldwide can be seen as 
a distributed form of urbanism, where players could simulate and propose pat-
terns to alter and improve the cities they live in. 
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Figure  5 – Dystopian neighborhood creation. The simulation of modes of labor ex-
ploitation and poor living conditions increasing risk and social vulnerability.

5. Conclusion

Architecture and design projects, in this landscape, cannot be conceived as a 
‘one of’ where we use the power of technology to iterate or generate catalogs of 
alternatives for a client. Architecture should take an ambitions adoption of this 
tools, proliferating software tools encouraging a promiscuous recombination of 
the urban landscape. The pool of thinkers and designers need to be increased 
and networked, privileging distributed hive mind designs rather than auteur pro-
posals where still today, crowdsourced by design competitions, mobilize thou-
sands of individuals towards 99% of wasted work.

Projects like Block’hood are in-sync with Nick Scernick’s (Srnicek & Williams 
2015) call to develop counter hegemonic projects that bring back agency to the 
crowd and do not only serve a small elite. Social participation and distributed 
computation are the key to re-establish a dialogue and a new common vocabu-
lary between the field of architecture and its inhabitants, developing the digital 
infrastructure to revive the social utopian imagination for the future of our cit-
ies.
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Abstract 

Creating and planning communities in the virtual environments of Massive 
Multiplayer Online games can reform the collaborative process of idea gener-
ating in community planning by facilitating player agency in its design. Player 
agency describes the ability of a player within a game to interact meaningfully 
with their existing game-world. More than simple action/feedback interactivity, 
agency refers to knowing actions taken by the player that result in significant 
changes within the world (Gibbs, 2011). In this practice, player agency estab-
lishes inquiry about control and maximum freedom within not only the game 
environment but in parallel to the process of collaborative community planning. 
As follows, two imperative questions to be answered in the investigation of this 
paper: Can massive multiplayer online games serve as a tool to stimulate player 
agency and collaboration in the planning process? How can player agency re-
sult in a complex legible order, rather than descend into visual chaos?

1. Introduction

Long after the creation of institutionalized planning in the form of federal hous-
ing administrations and Town and Country Planning Associations, architects and 
urban theorists of the modernist age developed plans for the contemporary city. 
Le Corbusier conceived several models of the contemporary city in the modern-
ist era, perhaps the most famous a regulated city of skyscrapers, in which the 
plan is at the center of the work because his theory established that “without a 
plan you have lack of order and willfulness” (Le Corbusier, 1946). The idea of 
the plan became more important than the place, theory superseded experience. 
The rightness of the plan itself would ensure the evolution of a peaceful, happy 
society, whose voices were not encouraged. This revolution demanded men 
‘without remorse’ who could see the project to its end without swaying to public 
opinion because “the design of cities are too important to be left to the citizens” 

UNREAL URBANISMS: 
A USERS GUIDE TO ENGAGEMENT GAMING FOR 
COMMUNITY PLANNING
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(Hollis, 2013). 

In contrast however, there exists the micronation, an alternate model for urban 
organization which rejects top-down planning by design and embraces instead 
the role of the user and creator. A Micronation is an entity that claims to be an 
independent nation or state but is not officially recognized by world govern-
ments or major international organizations.  Due to a lack of funding, poor plan-
ning and maximum freedom in many of the early models of micronations (ie. 
Freetown Christiania and Kingdom of Elleore) led to illegible organization and 
visual chaos in their environments.

Gaming platforms like SimCity, Minecraft and Cities: Skylines give the user the 
ability to create digital urban environments which simulate the user engagement 
of micronation creators without the slow, costly and often cumbersome limita-
tions of physical construction.  Conceived through small scale and short term 
interventions that prompt experimentation and iteration, virtual cities are imple-
mented solely through active participation, community engagement and crowd 
sourcing.

To take advantage of the participatory potential that virtual worlds enable, in 
1987, community activists and leaders founded the Asian Community Devel-
opment Corporation (ACDC) to be part of the master planning process for 
Boston’s Chinatown. The ACDC developed an immersive game where players 
assume the role of one of 15 virtual residents challenged with language skills, 
income level, or other circumstances and tasked with considering the future of 
the neighborhood while walking through and commenting on proposed develop-
ment sites.  (Participatory Chinatown, 2011).  
In September 2015 Block by Block, a partnership between the United Nations 
Human Settlements Programme (UN Habitat), the UN agency promoting sus-
tainable towns and cities, and Mojang, the makers of Minecraft, hosted a work-
shop in Prishtina which resulted in a new design for a public space located in “ 
Bregu I Diellit/ Sunny Hill”. At this workshop over 70 participants, consisting 
of young and old from the local community, nongovernmental organizations, 
and the municipality worked together as teams in Minecraft to come up with 
various design schemes for a public space in Sunny Hill, used by surrounding 
residents and visitors.  Participants shared designs with each other and received 
feedback offline from an external audience (UN HABITAT Kosovo, 2015). 

Like its precedents, Unreal Urbanisms operates on the ideology that cities in 
the built environment can utilize the user-generated image of city created in vir-
tual environments to collaboratively reinvent and re-imagine the design of the 
physical urban environment. In the absence of reality (ie. gravity, atmospheric 
conditions and real-world governance) the computer-generated environments 
produced in virtual gaming environments are to be analyzed as simulations rath-
er than absolute and direct substitutions for the built environment.   

2.0 Planning Game Contrivances 
2.1 Engagement Games 
 
Engagement games are designed for the purpose of applied learning in public 
environments. They induce systemic thinking about complex social systems, 
player agency and real-world action for solving real-world problems. Though 
these engagement games come in various forms and degrees of complications, 
the fundamental mechanics for games are invariable. “When you strip away the 
genre differences and the technological complexities, all games share four defin-
ing traits: a goal, rules, voluntary participation and a feedback system” (McGo-
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nigal, 2011).  
These same mechanisms are parallel within the larger framework of the commu-
nity planning process. (Figure 1) 
Goal: The existing real-world problem and its envisioned solution. 
Rules: The real-world parameters that regulate the scope and principle of behav-
ior of the city planning process. These ‘rules’ take shape in the form of zoning 
ordinances, community guidelines and institutional law. 
Voluntary Participation: Games and city planning processes are both progressed 
by the voluntary participation of community stakeholders (players). Current 
planning policy engages community members through the use local public 
meetings, focus groups, surveys, etc. 
Feedback System: Concepts and proposed solutions that are generated require 
testing and confirmation in the form of communit

3.0 Minecraft

Minecrft is a massive multiplayer online sandbox independent video game by 
the Swedish developers Mojang. “Sandbox” or “Open-World” games are staged 
so that players can move freely through a virtual world and are given consider-
able freedom in choosing how or when to approach objectives, as opposed to 
other computer games featuring segmented areas or numbered levels that have 
a more linear structure. Minecraft enables players to build constructions out of 
textured 3D cubes in a 3D procedurally generated world. Although players do 
not have absolute freedom, as each server is controlled by an administrator or 
administrators, they can build virtually anything anywhere in the virtual world. 
There are thousands of worlds built in Minecraft and hundreds made daily, some 
of which that are made collaboratively and in a way that is self-organized by the 
players so as to produce legible and usable cities. In this aspect, Minecraft is the 
paragon MMO to address the issue of agency and autonomy in urban planning 
brought to light by the unsuccessful models of planning developed by modern 
urban theorists. 

In essence, Minecraft’s open world gameplay mechanics and lack of narrative 
establish it as a game with a unique framework. Players have the agency to cre-
atively decide their own goals and rules for how they traverse and behave with-
in the procedurally generated world. The only parameters of the games involve 
the materials with which players construct in Minecraft but this does not limit 
their methods and means of construction. Collaboration in Minecraft is made 
available through Minecraft’s multiplayer servers that give players the option to 
join in its multiplayer mode locally (LAN party) or worldwide by connecting to 
an IP address of a multiplayer server and using either of these methods, players 
have the power to explore and build mods with each other.

3.1 Legibility and the Public Image

Legibility of image and ideas is an important component of engagement game 
mechanics and city planning as both rely on disseminating information to a pub-
lic in order to obtain feedback. In his book The Image of the City, Kevin Lynch 
contends that the legibility of a city is based on the “public image” or areas of 
agreement with which might be expected to appear in the interaction of a physi-
cal environment (Lynch, 1960, pp. 7). These asserted elements are outlined as: 

Path – Channels along which the observer moves
Edge – Important organizing features within the city image
District – Sections of the city that have identifiable characteristics
Nodes – Points and or junctions for traveling
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Landmark – External points of reference

To both confirm and demonstrate his concept of public image as it exists within 
the framework of these five elements, Lynch and a team of researchers con-
ducted a two-part experiment on the legibility in three different cities, Boston, 
Jersey City and Los Angeles. Part one entailed systematic field reconnaissance 
of the area that was made on foot by a member of the research team. These 
trained observers mapped the presence of various public image elements, their 
visibility, their image strength or weakness, and their connections, disconnec-
tions and other interrelations. Consequently, they noted any special success or 
difficulties in the potential image structure. Ultimately, these observations were 
subjective judgments based on the immediate appearance of these elements in 
the field (Lynch, 1960, pp. 15). The second part of the experiment contained a 
series of lengthy interviews conducted with a small sample of city residents to 
evoke their own images of their physical environment. The Interviews included 
requests for descriptions, locations, and sketches for the “performance of imag-
inary trips”. The individuals interviewed were people who were long residents 
or employed in the local city area, as well as those whose place of residence and 
places of work were distributed throughout the zone in question (Lynch, 1960, 
pp. 15).  The summation of Lynch’s two-part research for each city was encom-
passed in a series of maps that located Lynch’s proposed elements of the public 
image within the city as a means of interpretation its legibility.

3.2 The Image of City in Minecraft Modifications

In the interest of substantiating the functionality of Minecraft as a tool capable 
of creating environments that are both complex and legible, an analysis akin to 
the Lynch study was used to evaluate the legibility of three different collabo-
ratively built virtual environments (mods) in Minecraft resulting in diagramed 
maps of each city designating the paths, edges, districts, nodes, and landmarks 
of each as determined through a digital walk through.  

Among the cities analyzed was “Atropos” a speculative steam punk city created 
in the shape of a giant tortoise by a group called Carloooo (Figure 2). Virtually 
all parts of the cityscape are connected by weaving paths and tunnels meaning 
there are no strong paths in Atropos. The city’s districts are generally divided 
into three levels which vary in program and are separated by nodes or gardens 
that function as atrium in and outside of the tortoise. As it is very easy to get lost 
within Atropos, these nodes also function well as directionality that help redirect 
players from the dense dark inside of Atropos to the light and easier to navigate 
top level of Atropos. Landmarks in this city are large robot statues that reoccur 
throughout Atropos to aid in navigation. Because the paths in Atropos are virtu-
ally all connected, the stronger edges of Atropos are defined mainly by the over-
all shape of the tortoise (Figures 3 – 5).

4.0 The Unreal Urbanisms Project

Unreal Urbanisms Project utilized the virtual environment in Minecraft to de-
sign the 21st century micro nation Liberland while using the four engagement 
game mechanics to organize the anatomy of the experiment and Kevin Lynch’s 
analytical mechanism to determine the legibility of the resulting design.

4.1 Liberland 

Liberland is a European micronation, located between Serbia and Croatia on an 
unclaimed plot of land that is about 2.7 sq. miles (Figure 6), which seeks ideas 
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on how to challenge the contemporary urban and architectural design status quo 
by speculating on the general design potential for its master plan through a de-
sign competition (Liberland Design Competition, 2015). 

4.2 The Unreal Urbanisms Project: Goals

In hosting a design competition, Liberland seeks to present investors with a leg-
ible working model of a 21st century micronation. Thus, the primary goals for 
this experiment are outlined as the following: 

1) Using Minecraft, design a proposal of Liberland comprised of an envi-
ronment with a complex but legible order.

2) Demonstrate the use of massive multiplayer online games as a tool used 
to stimulate player agency and collaboration in the planning process.

4.3 Rules

The rules on how to build in this experiment will be based on Liberland’s design 
competition parameters which are guided by their anarcho-capitalist politics on 
ownership and private property. Participants of the experiments used this theo-
ry and the parameters as the rules and guidelines for how to go about building 
Liberland.

Liberland Competition Parameters:

Identity | Libertarian, Anarcho-capitalist
Density Potential | 340,000 applications for citizenship thus far
Ecosystem | Territory has a mild climate similar to Los Angeles
and the Danube river is prone to flooding.
Artificial Ecologies | Liberland aspires to “nature like built environment”
Settlement | Liberland seeks an agile and flexible systemic settlement plan
Infrastructure | Minimum municipal intervention, ecosystemic sensitivity
Zoning | None
Economy | Free market, Bitcoin cryptocurrency, entrepreneurship, private prop-
erty
Politics | Minimal government (diplomatic and judicial capacities), voluntary 
taxation
Constitution | Refer to Liberland’s website: Liberland.org
Program | Conventional urban zoning segregation between commercial, residen-
tial, retail,
municipal, and leisure districts is irrelevant in Liberland.

4.4 Voluntary Participation

For this experiment, there were ten players and one administrator participating. 
Participants were found using a public thread on the online Minecraft Forum 
(Figure 7). Though there was no definitive criterion that determined how players 
were chosen to participate, the desire was to include a selection of players with 
variation of skill level and design aesthetic. Players in this experiment do not 
have predetermined roles and instead took it upon themselves to create roles in-
dividually (ie. a player who only builds housing versus a player who only builds 
hospitals). Players worked individually (to create private property) or together 
(to create collective and public property) in Liberland.
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4.5 Feedback System

To establish if the proposed collaboratively built master plan of Liberland in 
Minecraft is both complex and legible, the two part Kevin Lynch study on leg-
ibility and the public image was replicated to function as the Unreal Urbanisms 
project feedback system. Using the online thread in Minecraft forum, players 
also had the opportunity to give comments about the general design of Liber-
land so that successes and failures of the project were documented (Figure 8).  

For the experiment, a random selection of Minecraft players not involved in the 
building of Liberland were asked to map out elements of the city (Figure 9 – 11) 
Data based on how often the submitted maps correlated was taken and calcu-
lated as a percentage and a final map was drawn by the Unreal Urbanisms team 
based on the similarities of the submitted maps.

5.0 Results

The projected master plan of Liberland features a tramway that runs the cir-
cumference of the city. The design of the tramway was also used to partition 
Liberland into three parts so that the project could be constructed and analyzed 
in three different iterative phases (Figure 12). In each of the phases the Unreal 
Urbanisms design team member’s exercised player agency by working individ-
ually and collaboratively in creating properties within the micronation. Each of 
these phases then received feedback from volunteers analyzing the legibility and 
general design proposal.

5.1 Phase One

Phase one of Liberland features a collection of high density properties dissem-
inated into two different districts. Both districts are made up of tall mixed use 
building that are used for housing, work, entertainment, school, laboratories, a 
grocery store, doctor’s clinics and farms (Figure 13). Phase one also features 
a large park that runs the majority of the length of phase one and separates the 
two districts. Along the park on the shore of Liberland are boating docks that 
serves as one of the areas where goods are brought to Liberland (Figure 14). 
The design process of Phase one of Liberland contrasts the development of the 
succeeding phases in that it was heavily focused on the role of the administra-
tor. Instead of having diversified roles that allowed players the ability to build 
wherever they saw fit, the administrator planned the urban fabric of phase one 
that the players then placed their buildings into. This design technique wielded 
rather ineffective results because the role of the administrator denied players the 
agency to collaborative build and owns the urban elements of Liberland public 
image which hindered the legibility of phase one (Figure 15 – 17).

5.2 Phase Two

Phase two of Liberland features a combination of high density and low density 
properties disseminated into several different player created districts (Figure 
18). District one is made up of two large privately owned properties and their 
collectively owned plaza. The properties created by Bex, Mica, Ray and Fritz 
are outfitted with apartments for housing, laboratories, a grocery store and a 
doctors clinic. The plaza between the two properties was created as a privately 
owned common space for residents within the directly adjacent buildings. In 
district two exists a large development created and privately owned by Jackson, 
Andrea and Tope. The design teams purposely choose to have a unified aesthetic 
for the buildings to denote that the properties were under one private owner. 
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Each of the properties is has paired housing with a different program. One of 
the properties features a series of small multipurpose classrooms while another 
has three restaurants. Because the properties have various programs but are all 
under the same ownership, the creators decided to create an elevated pedestrian 
bridge that gives residents private access to all of their properties (Figure 19).

District Three is the lowest density district in all of Liberland. Adverse to the 
style of many of the tall skyscraper like buildings, the low rise living complexes 
in district three are only fit for housing. Residents of this district must pay to 
use the facilities and programs that exist in the other larger buildings. Inside the 
third districts is a collectively owned park that sits in between two large private-
ly owned properties, residents of the small houses and within the two towers 
have access to this collective property. The fourth district of Liberland is com-
posed of two privately owned properties surrounding a park, built in a way that 
is legibly similar to district one (Figure 20 – 22).

5.3 Phase Three

Phase three of Liberland features the majority of Liberland’s industrial farm-
ing complexes. The third phase is divided into two districts that are compiled 
of several buildings outfitted with laboratories, offices and indoor urban farms 
(Figure 23). The largest feature of phase three is the Liberland institution center 
(LIC). LIC is an educational center that many of Liberland’s residents are free 
to attend to take private classes. The inside of the center has a multitude of labo-
ratories, classrooms and studios as well as offices and cafeterias to eat in. There 
is an elevated collectively owned catwalk that runs the length of the third phase 
of Liberland. the pathway connects UNICO, a privately owned horticultural lab-
oratory, and Thermos, an urban farming complex cladded with an assemblage of 
balconies that double as small garden plots (Figure 24).

The design process of Phase three of Liberland was completed in the same man-
ner as the second phase of Liberland. All players in the experiment had uniform 
roles that allowed players the ability to build wherever they saw fit. This design 
technique wielded similar effective results because the role of the administrator 
did not deny players the agency to collaborative build the urban elements of 
Liberland public image which in turn made the urban elements in phase three 
more legible (Figure 25 – 27).

6.0 Conclusion

The end results of the Unreal Urbanisms experiment determined that massive 
multiplayer online games can be used as a tool to stimulate player agency and 
collaboration in the planning process.  Utilizing Minecraft, the Unreal Urban-
isms team proficiently created a concept for Liberland’s master plan with roles 
that embraced them as user and creator and  impactful to the city’s design. Ad-
ditionally, as established by the collection of submitted player mental maps that 
had identical observations of Liberland’s public images, this player agency did 
in fact result in a complex legible order, rather than descend into visual chaos. 

Moving forward, the culmination of this research and the results that this exper-
iment produced seek to contribute to the existing engagement gaming frame-
work and architectural discourse specifically in regards to community planning. 
As demonstrated by this experiment, the coalition of games and design is espe-
cially valuable for its ability to employ an otherwise detached community that 
challenge the planning process by devising a new kind of contingent design 
emerging from recreation and collaboration. 
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Abstract 

Since the establishment of Abuja, the new capital city of Nigeria in 1991, the 
rate of migration into the city has been on the rise, leading to rapid population 
growth and urban sprawling. The fast growing population and economic dis-
parity amongst residents have resulted in communities growing around the city 
centre. Critical observations of some of such communities show signs of physi-
cal and social disconnection from the rest of the city. 
This disconnection is exemplified in the Jahi community, whose isolation is 
both physical and social.  This ongoing project examines the reasons for its 
disconnection and proposes principles that use the virtual space as a mediator 
between communities. It explores how virtual communities can enhance the con-
nection between physical spaces. 
 Through the use of virtual space as a platform that enhances physical human 
interactions and engagement, disconnected communities can be connected back 
into their neighborhoods, towards increased prominence, as well as social con-
nection with surrounding communities.

1. Introduction 

In this paper, communities have been examined in terms of two contexts; phys-
ical and virtual. Jahi is physically bound by four major roads, and despite its 
proximity to the city centre, the road boundaries prevent easy access into the 
community. Existing facilities situated along the site boundaries are mainly 
commercial, recreational and educational. They are active on social media and 
easily navigated online. Online information about Jahi as a community however 
is limited to news articles and real estate advert placements.
The problem of social disconnection, both physically and virtually, is wide-
spread across the world (Dredge, 2016). In an attempt to provide a solution, this 
paper postulates the concept of using social media’s virtual context of the com-
munity to enhance accessibility, interaction and exchange between the discon-

TOWARDS SOCIAL CONNECTION: 
INTERPLAY OF VIRTUAL AND PHYSICAL UR-
BAN SPACE
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nected community and its surrounding physical environment. 
The content of this paper includes; research background -which further explains 
the virtual and physical contexts of Jahi, justification -which provides evidence 
of the context and problem in existing literature, relevance and objectives, theo-
retical framework using Critical Regionalism, a stated hypothesis, methodology 
-which explains the principles used to support the hypothesis, an analysis of the 
application to Jahi, and a final conclusion. 

2. Research Background 
2.1 Physical Context 

Although most parts of Abuja are easily accessible by a road network, it is not 
as socially integrated. Made up of different districts that developed over time 
and in planning phases, the city consists of a central or first phase, and subse-
quent phases and communities, all connected to the centre. Communities lo-
cated outside of the central city developed in response to high cost of housing 
and land in the central areas. They provide residential facilities to inhabitants 
without the economic capacity to inhabit the central areas of the city. Through 
the analysis of such areas in terms of social disconnection, three types of com-
munities can be observed (Figure 1):
• Independent Developing communities e.g. Kubuwa
• Independent Underdeveloped communities e.g. Abaji
•  Isolated Central communities e.g. Jahi
The Independent Developing communities have grown over time to accommo-
date the rapidly growing population of the city, serving mainly as residential 
areas. Although not as developed as districts within the city centre, these areas 
are relatively more affordable to live in, and provide other functions, such as; 
administrative, commercial, and institutional facilities. They also tend to be gen-
erally self- sustaining and independent from the city centre.
The Independent Underdeveloped communities, however, do not attract as 
much of the population mainly because of distance from the city centre, and 
also the low level of development. These areas have little to no infrastructure, 
but the residents here are still sustained independent of the city, although in very 
poor social and environmental conditions.
The Isolated Central communities are located right in the midst of the city, only 
minutes from the centre. For some reason, these areas seem to have been ne-
glected, and remain poorly developed, regardless of the amount of development 
and centrality of neighboring communities (Figure 2). With little and poor infra-
structural facilities, they are very dependent on the surrounding central districts. 
  

         

Figure 1. Areas of different types of social disconnection, and location of Jahi
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2.2 Virtual Context 

The revolution of social media has turned the world into a village, creating 
communities regardless of physical proximity, made up of different people, in 
different continents, of different ages, and cultures, through ease of interaction, 
content sharing, and collaboration, on the internet. According to the Oxford 
dictionary, social media refers to websites and applications that enable users to 
create and share content or participate in social networking (Stevenson, 2010). 
Because of its virtual nature, it transcends most restrictions typical in the physi-
cal that reduces the ease of access, exchange, and interaction. It is thus an easier, 
faster and more convenient means of exchange, learning, communication, and 
access to places, people, and information. However, like all human develop-
ments, some disadvantages can be observed due to excessive and unmonitored 
interaction on social media. This could result in; difficulty in distinguishing 
between the real world and the world online, vulnerability to misinformation, 
reduced productivity in other aspects of one’s life, and  a general lack of privacy 
(Tendler, 2015). It could also become quite elusive, giving a sense of connected, 
and reports show that people, who become excessively involved in social me-
dia, and virtual communities, are often isolated in the physical world. Although 
social media could be a level playing field for self-expression, it is also exclu-
sive to those that are literate and requires access to the internet, as well as an 
electronic device. 

Figure 2. Representation of the physical state of Jahi 

3. Justification

Tricia Wang, a tech ethnographer who utilizes digital research methods, points 
out that the overlap between architecture and social media is one that is yet to be 
fully discovered. (Wang, 2010). Her research on how cell phones and computers 
have changed people’s interaction with the physical space, explains that social 
media today is mostly viewed in the context of architecture as a marketing 
platform, rather than explored for how it changes our experience of the physi-
cal environment. Although social media has infiltrated our societies more than 
any other technology, it now rivals the initial cultural technology – architecture 
– which until now supplied the physical environment for human socialization 
(Gleiter and Steinert, 2014). Similar to architecture, social media has the poten-
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tial to spur feelings of disconnection and overwhelmingness, but also focuses 
and inspires (Wang, 2010). Social media is swiftly becoming the new place for 
interaction and socialization, and therefore changing our perception of space, 
and time, and redefining what is public and private (Gleiter and Steinert, 2014). 
Commenting on the impact of technology in cities, Robert Cowan writes that 
the cities of tomorrow will be founded on systems that seem uncontained by 
conventional standards, and those that succeed would be those with commu-
nities that are well connected with each other and globally, both virtually and 
physically (Cowan, 1997). He further explains that the main problem in cities 
isn’t the parts that do not work, but the fact that they consist of parts that don’t 
function together, and so investing in the processes that enhance connections 
within communities enable them to renew themselves (Cowan, 1997).

4. Relevance and Objectives 

Jahi is a community in Nigeria, a country with steady growth of technology and 
urban population. It is thus important to enable such disconnected communities 
to experience technology in a way that enhances physical social interactions, 
both locally, with the rest of the city, and the world. As technology evolves to 
become more adaptive and responsive, less developed areas in Africa and Asia 
could better be integrated into the experience age.

5. Theoretical Framework
 
Critical Regionalism in architecture differs from that of Regionalism which pro-
pounds that architecture should be founded on specific practices of a particular 
region, based on climate, location, local materials, technology and tradition, in 
order to produce genuine modern architecture (Colquhoun, 2007). This belief 
of regionalism, therefore, implies that culture is ‘autochthonous’ and are birthed 
from the members of the region, rather than from ‘standards imposed by the in-
tellectual and social elite’; it deems culture as hereditary, not universal, and civi-
lization as foreign and imposed (Colquhoun, 2007, pp 141). As a critique of this 
notion, Critical Regionalism finds a balance between culture and civilization. It 
proposes that culture does not spring up or is particular to a region, and there is 
no absolute authenticity, but exchanged traditions that change and develop over 
time. 
Critical Regionalism creates a balance between the past, and the present while 
stimulating the future. By addressing the details of place and culture, it shapes 
our lives and perception towards a progressive future (Slessor, 2000). Using 
innovation and technology towards an architecture that differs from region to 
region, and reconciles the impact of universal development with insights gotten 
from the individual personality of a place (Frampton, 1982).  
In Nigeria, a country with over 250 different ethnic groups, national identity 
is used to foster unity with the people (Figure 3). The capital city, Abuja, for 
example, located in the centre of the country is one with no dominant cultural 
group and was therefore regarded as a suitable location to reflect national cul-
ture. Implementing the theory of Critical Regionalism in its architecture means 
balancing both the local and national cultures in a way that spurs innovation and 
progress. This need for balance of culture and civilization goes hand in hand 
with that of virtual and physical spaces in our world. 
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Figure 3. Shows people of multiple cultures in Nigeria. 

6. Hypothesis 

The virtual context, via social media, can enhance the connection to and the 
experience of physical urban space, thus promoting greater human interactions 
in real space and time. 
7. Methodology 
In the last decade, a slow shift from the era of the ‘star architect’, to that of a 
more human architecture has occurred, and architecture has become more aware 
of its environmental context, -physically, socially and culturally- and strives for 
more meaningful development (Kushner, 2015). In her interview with Dawn, 
a Pakistani online newspaper, London-based Pakistani architect Safia Qureshi 
rightly explains, ‘Everybody is now asking for a lot more out of a product, and 
that includes architecture’ (Malik, 2015). With the idea of using virtual connec-
tions to create better physical experiences and connections, the following princi-
ples aid in the connection of disconnected communities with other communities, 
and far beyond.  

7.1 Flexibility

This principle entails that both the physical and virtual contexts would have the 
ability to easily be converted to the other to enhance the experience of either 
the physical or virtual space. By merging the interaction between these different 
types of spaces in a way that allows for one to have a flexible expression on the 
other, the dynamics of interaction would be transformed. Here, the virtual and 
physical work together to allow for more interactive physical spaces, and better 
experienced virtual spaces.

7.2 Participatory Design 

Stimulating virtual connections through the use of social media, to encourage 
people participating in the design of their physical environments. This would 
empower communities, and also make give a sense of responsibility for their 
neighborhoods and communities. Places become more personal, inclusive and 
partner with experts in determining the urban and built environments. Participa-
tory design encourages people to be more aware and in touch with how the en-
vironments they inhabit are shaped. Social media provides a platform to connect 
and interact with more people, share information, and create virtual communi-
ties empowered to shape their built environments.
 
7.3 Prominent and Non-Prominent 

The principles of ‘prominent and non-prominent’ areas were conceived on ex-
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amining the Jahi community. The areas closer to the road boundaries are more 
prominent, as they symbolize the developed parts of the community, better 
physically and socially connected to the city. These areas consist of shopping 
centers, hotels, schools, and churches. Other parts of the community located 
further away from the boundary could then be termed non-prominent, as they 
suffer social and physical disconnection in the community. Although they also 
consist of commercial, educational and religious facilities, they are not as de-
veloped as those along the boundaries, and are used mainly by members of the 
community. Relating this illustration to the rest of the city, disconnected com-
munities like Jahi can be termed as non-prominent, in relation to other commu-
nities in the city centre which are more connected to each other in terms ease of 
interaction, accessibility, and exchange of goods and services (Figure 4). 
This concept suggests that virtual connections can be used to help connect 
‘non-prominent areas to those that are prominent (Figure 5). Through the use 
of virtual structures, less-prominent areas would have a better chance of being 
connected to more prominent areas of the community, and the city at large. The 
ease and speed of accessibility, interaction, and connection, characterized by 
virtual structures would help disconnected areas reach out to places far beyond 
their borders, and in time, would become prominent, not only virtually, but as a 
physical place. 
 

Figure 4. Development of Prominent and Non-Prominent principle

                                              
Figure 5. Model showing connection between Prominent and Non-Prominent areas 
through virtual connections 
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8. Analysis 

These principles have been applied to Jahi, while also considering the level 
of access to technology, education, and environmental constraints of the pop-
ulation. Through interaction with residents, both online and physically, one 
problem that was repeatedly highlighted was the poor health facility available 
(Mission Africa, 2013). The residents were bitter about the distance of the 
health clinic from most f the residential areas, as well as inadequate facilities for 
treatment. 

In line with the objectives of this paper and the context of the community, it 
was, therefore, important to provide a solution to this problem using virtual con-
nections and technology that would simultaneously connect the community with 
other parts of the city. For Jahi, the goals became to enhance physical human 
interactions within and with different parts of the city through; 
-encouraging exchange of ideas, information, skills and resources,
-providing opportunities for people to freely express their concerns about the 
state of their communities and cities, and be active participants in development 
and planning,
-enhancing accessibility into the community, both virtually and physically.

9. Results

In providing a solution for the community’s poor health facility, and applying 
the principles outlined in this paper, a radio station from which to disseminate 
health care, wellbeing and lifestyle information. It is intended to serve as a plat-
form through which the community can be heard, and acknowledged, with little 
restrictions of time and place. As there is no radio station dedicated to health 
information in Abuja, this would provide Jahi and the city with health education 
and information, as well as become a landmark in the community, empowering 
as a prominent part of the city (Figure 6). 

The proposal also includes developing the existing informal market lane into an 
urban centre, with hubs along the way that provide medical assistance to mem-
bers of the community. The informal market space is intended to be a physical 
means of interaction – just as the radio provides a virtual platform-between 
the community and the city. It would serve as the physical space that enhances 
human interaction in real time, and consist of health hubs at strategic junctions, 
bringing health facilities closer to the people. The interaction of radio, market 
and health care in the urban environment, illustrates the interplay of virtual and 
physical spaces towards more connected and interactive urban environments. As 
members of the city become aware of the community through radio broadcasts, 
the market would provide a service that would physically open-up the commu-
nity to members of the city, making it more accessible, functional and perme-
able.

The principles applied to Jahi can also be adapted in other types of communities 
and situations, using Critical Regionalism as an underpin. 
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Figure 6. Social connection proposed for Jahi

10. Conclusion

The new age of technology finally transcends the boundaries of class, economic 
disparity, location, the level of education, to reach every type of people in all 
parts of the world. From ordinary systems to the most complex of innovations, 
technology would be for the people, easily adapted in any place, using locally 
available means. The experience age would be the age of inclusivity. 
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Abstract 

Minerva Tantoco was named New York City’s first chief technology officer last 
year, charged with developing a coordinated citywide strategy on technology 
and innovation. We’re likely to see more of that as cities around the country, 
and around the world, consider how best to use innovation and technology to 
operate as “smart cities.”
The work has major implications for energy use and sustainability, as cities take 
advantage of available, real-time data – from ‘smart’ phones, computers, traffic 
monitoring, and even weather patterns — to shift the way in which heating and 
cooling systems, landscaping, flow of people through cities, and other pieces of 
urban life are controlled.
But harnessing Open Innovation and the Internet of Things can promote sus-
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tainability on a much broader and deeper scale. The question is, how do you 
use all the available data to create a more environmentally sound future? The 
term “Internet of Things” was coined in 1999 by Kevin Ashton, who at the time 
was a brand manager trying to find a better way to track inventory. His idea? 
Put a microchip on the packaging to let stores know what was on the shelves.

1. Cities and Making them Smarter 

Technology has had real successes in changing city life — Medellin, Colombia, 
was chosen as City of the Year by the Urban Land Institute in 2013 in recog-
nition of its turnaround from a symbol of the drug wars into a high-tech hub 
promoting civic engagement and innovation. The ability to limit the amount of 
energy and other resources we waste has real value. But the constant monitoring 
involved in collecting Big Data across urban areas also raises the specter of Big 
Brother, and those concerns shouldn’t be ignored.

Think about the Nest Thermostat, which “learns” what temperature you like, 
and when you’re home to need that heat or air conditioning. Systems across an 
urban area can use the same principles, considering vehicular patterns and indi-
vidual habits to balance energy supply and demand. Electric grid operators
already do that on a broad scale – they know demand will be higher on a hot 
August day than on a mild autumn evening.

As architects and designers, we look at ways to generate smart cities, reducing 
carbon and moving to smart ways of digital mapping. We know Open Innova-
tion and the ubiquity of networked electronics and other devices are affecting 
the world of architecture and design, construction and real estate development.
But too often, we have found, city planners, designers, policymakers and others 
start their work in a vacuum. If we are to scale up the successes of smart cities, 
to truly take advantage of so-called Open Innovation by engaging knowledge 
and ideas across a wide spectrum, this work should be done cooperatively.

The environmental and financial costs of that can be great. Last month, the U.S. 
Department of Energy announced the economic potential for renewable power 
has more than tripled as a result of technological improvements and cheaper 
technology. If renewable energy is becoming less expensive, cities have fewer
excuses not to take advantage of it. But that, too, should be decided with input 
from all stakeholders.

Tough questions remain, in addition to privacy issues. Intellectual property of-
ten stimulates creativity, but at the same time it can hold back innovation. Issues 
of ownership and authorship play a role within the active use of data and priva-
cy within the digital age. Architects and designers, as much as planners and
policy makers, need to be held responsible for detailing the opportunities of-
fered by the use of open source data and Open Innovation.

Open Innovation and the data created by the Internet of Things can offer a way 
for engaged residents to participate in the future design of their cities.
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Figure 2. Image Source – Forbes, 2016

2. Intellectual Property In The Age Of Open Sourcing — Who Owns It, 
And How Do They Get Paid?

The Internet of Things, as you may have noticed, is changing the world. Archi-
tecture, design and construction aren’t immune, as young architects no longer 
line up to work for the field’s undisputed stars, instead launching self-directed 
crowdsourced projects and using Kickstarter campaigns as a means to fund their 
own projects and seeking collaborators for projects big and small. With proj-
ects like WikiHouse and the Resilient Modular Systems 2.0 digital platforms, 
now people can use a smartphone to connect with a manufacturer to order their 
house.

In some ways, that makes sense. Design no longer lives in a locked filing cab-
inet. The conversation I’m interested in is the virtual estate – what becomes of 
the ownership of digital property? (Who owns digital property). If you design a 
digital system, do you lose ownership if it’s widely reproduced in manufactur-
ing?

The question arose in the 1990s with Napster, the internet company that allowed 
people to share music, in the form of MP3 files, with their peers. The industry 
panicked: Would people still pay for music if it wasn’t in the form of a physical 
compact disc?

The answer to that is still evolving, although iTunes and other music streaming 
services suggest a qualified “yes.”

But the details of how the internet and open source software changes who 
performs specific tasks and, perhaps equally important, who gets paid for that 
work, are still unresolved. Ownership at this stage in the contemporary digital 
conversation, therefore, becomes a more active concern than Authorship.

3. How do you protect your work?

That already is disrupting traditional views of innovation, and the global move-
ment toward building a more sustainable future – increasing use of alternative 
energy, designing “smart” buildings that automatically adjust lighting, heating 
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and air conditioning to conserve power – is a key example.
Current intellectual property law favors the creator and suggests work can’t be 
taken without payment or changed. That’s outdated. (Current law favors cre-
ators with privatized venture funding, or corporate backing, with deep pockets, 
i.e.: Google and companies that have funds to patent and trademark their de-
signs and ideas.)

What happens, for example, if a product is translated into code and produced 
on a 3D printer? Are digital footprints developable concerns for creators of the 
built environment? Organizations, including the U.S. Library of Congress, are 
dealing with the thorny issue of sharing digital properties while still protecting 
their value.

The implications are enormous for medical privacy, private property rights, en-
ergy efficiency and other areas.

So-called “smart” building systems are a hot topic of research, as scientists 
work to develop living buildings, which can learn how occupants behave and 
adapt to that behavior automatically, without the intervention of a building man-
ager.

But the concept relies on data collected from sensors located throughout the 
building. To whom does that information belong? Similarly, what happens when 
an architect designs a house, and the plans end up online? It’s easy, and com-
mon, for people to download the files and buy the plans. Common, too, for a
contractor to copy the design of a house built and designed by someone else.
John Locke, the 17th century English philosopher and political theorist, estab-
lished common theories about ownership – back then, it was ownership of land, 
cattle and other physical properties – which influenced the founding fathers of 
the United States.

But there is no virtual line in the sand with digital property. You might own a 
building, but information harvested from that building detailing energy use and 
similar data, can be equally important. It’s the same with data collected by toll 
road agencies about the use of your EZ Tag. Who owns that? Maybe Elon Musk 
has suggested a middle ground, registering the Tesla battery as open source 
software, meaning anyone can access the information and work to improve or 
change it, while retaining the patent. Or, Alejandro Aravena’s Elemental Open 
Sourced social housing construction plans, which open up the field of architec-
ture for social good. Those allow for innovation without giving away the com-
pany.

“We believe that Tesla, other companies making electric cars, and the world 
would all benefit from a common, rapidly-evolving technology platform,” Musk 
wrote on the Tesla website. “Technology leadership is not defined by patents, 
which history has repeatedly shown to be small protection indeed against a 
determined competitor, but rather by the ability of a company to attract and 
motivate the world’s most talented engineers. We believe that applying the open 
source philosophy to our patents will strengthen rather than diminish Tesla’s 
position in this regard.”

Today’s millennials share that sense of social good as they seek to make a dif-
ference. They are interested in creating products, but they want something big-
ger than an app or a new sneaker. A lot of people in their 20s and 30s think of 
design, product development and architecture as bigger than real estate. So the 
culture shift is well underway. Even architecture, long a field that values owner-
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ship, originality and being the first to do something, is getting there.
The work itself is evolving, too, from traditional “architect” to more of a cre-
ative director, such as myself, where the responsibility of the architect becomes 
a conductor of a plethora of issues, not only for the design of a structure but for 
what happens within that structure, from heating and air conditioning to coding 
the technologies for a building to the storage of digital data within a building.
My students know they need more business savvy than architects of a past era in 
order to successfully work with the community.

The role of the architect continues to become an integrated design proposition. 
Architects have always been salesmen. Now we need to be hustlers and entre-
preneurs.

Figure 3. Image source – Data Center, 2015

4. Shared Cities and Optimizing Data, and the Privatization of Public 
Spaces – How does Citizenship affect Energy choices?

Most American cities such as New York City, and San Francisco has millions 
and trillion of transient occupants and permanent citizens who are operating on 
the basis of shared information and smart phones that run their daily lives.
Co-working, co-living, co-sharing of data has become a norm on the optimi-
zation of daily transactions, credit card exchanges, medical data recording, 
and privatization of information that is freely shared within the current sharing 
economy, inundating the internet and data packages of each citizen. However, 
what happens to these information exchanges when they are used to maximize 
the use of how cities are run, and how does policy makers and designers, such 
as architects, product developers, UI/UX designers, and the integrated practice 
of design start to utilize the privatization of public resources as in public space?
As the smart phone and most of the smart devices that citizens within a city 
become more accustomed and intimate to their devices than their romantic part-
ners, City officials need to recognize the potentials that are operating amongst 
the users of their daily transportation systems, such as VIA, Uber, Lyft, and
various other sharing economies, but also the various other deeply useful soft-
ware such as CartoDB that work on the visualization of public data.

CartoDB for example has been able to use their data analytics to assist the MTA 
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in its operations for “repairing the Canarsie Tunnel - which may include a full 
closure of the L train – (the software) started digging into open data to shed 
some light on how disruptive the shutdown would be for the 200,000 daily
riders. Using predictive analysis different feasible alternatives were determined, 
based on demographics and behavioral patterns.”

As cities become major forms of invisible networks and “clouds” of information 
and the gathering of data comes as at higher speeds and with greater ease, the 
larger decisions for city officials and citizens who operate within the mode of 
sharing their privatized information into the public forum, hence, becomes an
ethical and internal dilemma. The larger realm of public then becomes the ques-
tion of how public does one desire to operate their private information, and so-
cial media profiles.

Millennials on the other hand, who often operate fully in the world where tran-
sient information, on social media apps such as Snapchat and afterschool, often 
think that their information is only periodically stored and shared, may require 
to be schooled on the harsh reality of their cloud data.
Within the façade of freely distributed information and data storage in major cit-
ies, are the trillions of energy and cooling towers of the colocation centers and 
the extensive energy that costs cities require to operate, in the storing of these 
information systems – sometimes, costing more energy and landmass than
anyone could imagine.

Many times, data centers, the infrastructures and buildings which store your 
cloud information and physical data are far from green, and worse, are major 
energy consumers of power, than one could fathom. Thus, if information and 
data costs citizens so much energy, how could we better utilize passive systems, 
and generate new methods of information exchange? What are the social impli-
cations, and positive impacts could designers and policy makers offer to inte-
grate a better solution?

As designers and operator of various devices that consume large amounts of 
energy, the larger question for architects and policy makers, are not to further 
proliferate the generation of how big data could potentially save our cities, but 
how to better manage, and offer solutions on exchanging this information
onto better use. Should the realities of the reveal of data centers become part 
of the landscapes of cities, citizens who operate in the world of data usage may 
also start to realize the real efforts to better function in the realm of energy that 
is relevant to “free” cloud space. At the end of the day, just as any economy of
scale something always comes at a cost, nothing comes for free, and therefore, 
neither does physical or virtual data.
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Figure 4. Image Source – Provided by Wendy W Fok, submarine cable system, 2016

5. Responsive Cities and its Urban Resolve

Substantive amounts of research of cities, provided by governmental research 
institutes such as the World Bank, various Harvard Research institutes, Parsons’ 
School of Design Strategies, and various independent research centers such as 
the University of Toronto Global Cities Institute provide provoking and in-depth
research capacities that look into the diversities of data analytics that are re-
sponding to the pivotal roles of urban resolve by strategic actors of building 
global sustainability, and governing cities with larger frameworks that combine 
extensive forms of data and governance, planning and design, and business and
management within the larger respect of running effective cities.

Yet, the larger discussion that has not been further discussed are the pivotal 
roles of privatized crowdsourced means of digital technologies that are enabling 
private projects to be executed in a larger public context to be realized. Such 
projects to bring to light, are projects such as the LowLine, New York’s first 
underground park that has been contingently approved as of July 2016 as a Na-
tional Park, and the Plus Pool, east river’s revival of a public pool that utilizes 
recycled sea water. Both projects were conceived as privately funded publically 
accessible urban phenomena, mostly through online campaigns such as Kick-
starter. In many ways, these such projects garnered public interest through the 
internet, even before official and authorized public hearings through traditional 
means of town hall conventions, were established.

The LowLine and Plus Pool begs to question the ownership of public knowl-
edge through the age of digital distribution, but also how publicity through 
digital means allows policy changes within the issues hat requires design renew-
al agenda and viewpoint of issues that bring the strength of designers, policy 
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issues at stake, and the future of the practice of the architecture and design. 
Technology could be used smarter to design cities, but also allow policy makers 
to manage expectations on how it complements the assurance of a new form of 
citizenship, formulated by a generation of citizens that are well adapted to the
technological advancements and breeds a contemporary form of communica-
tion, beyond traditional public hearings within a brick and mortar City Hall 
setting.

Cities and urban strategist will be required to embrace a varied opportunity pro-
vided by the public, and digitally savvy occupant of cities, the reasonable doubt 
that their ability to promote social impact, is beyond the means of public good 
within their neighborhoods, but also through the environmental shifts generated 
by the Internet and the data analytics that are so easily accessible through the 
digital portals.

Running a city in the modern day of open innovation, open privacy, and open 
systems is no longer about the ability to open the information to the citizens 
themselves. In the modern technological responsive city, running a city is also 
allowing the citizens to adapt their knowledge, and tolerance for them to create
ownership into their ability to adapt their point-of-views within the shared econ-
omy of the physical and digital world.
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Abstract

High-speed urban growth is not a new phenomenon. There are plenty of chal-
lenges and opportunities for cities and metropolises in the wave of hyper devel-
opment. But let’s keep in mind that rapid urban change demands a theory, tools 
and a “fast forward” planning. In many countries urbanists and planners are 
increasingly exposed to and challenged by a hyper-dynamic context that tends 
to characterize socio-economic as well as environmental change in a highly 
interrelated increasingly urban world. This requires a fast forward response 
to guide urbanizing territories towards eco-efficient, low-carbon, socially-in-
clusive solutions and lifestyles, made even transcending the growth mode for a 
quality mode of general development. 
The intention of this essay is to identify a knowledge gap and stimulate re-
search, theory and modeling, to comprehend the mechanics of speed in and 
across urban ecosystems and to develop tools for planners to act strategically 
and in a targeted way.

1. Introduction

Throughout history there have been periods of rapid colonization and urban-
ization. Especially since industrialization with its technological and production 
innovations, economic liberalization and new forms of financing, fast and vast 
urban growth has been an international reality, accelerating and expanding in 
the second half of the last century. Globally speaking, urbanization is continu-
ing at a very fast pace with the globalization of economic, financial and social 
relationships as additional drivers. Now, with a world population of seven bil-
lion and still rising, with 50% urban, a rapid urbanization process is focused in 
emerging and developing regions. 
Rapid urbanization has created new spatial trends concerning vast agglomera-
tions (metropolises of above 1 million and megacities with populations of 10 
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million plus). Not only urbanization has accelerated, but also globalization and 
the flow of capital has increased in speed and volume. Planners and citizens em-
brace this where the consequences are benefitting cities and create opportunities 
and livelihoods for them. As urban economies create more wealth it is one of 
the main reasons for governmental support of urbanization in emerging coun-
tries with ambitious GDP (Gross Domestic Product) growth targets only to be 
realized with rapid urbanization. 
But apart from the urban growth comes also the rapid economic decline and 
population loss. Demographic changes, investment behaviour, migration, un-
employment are some of the negative issues that characterize contemporary 
economic geography from the level of global regions down to cities, increasing 
spatial polarization. Planners often observe the swift rise of economic activities 
in one place and equally rapid decline in another. It seems that we have to ac-
cept the coexistence of 2 extreme speeds for geographies. On the one hand there 
are hyper-dynamic, economically prosperous, growing urban areas and on the 
other, declining territories and various degrees in-between the two. Complexity 
is increasing with the growth of urban population and systems, area increases 
and ITC (Information and communications technology) spread and use. 

 

Figure 1. Overview of Chenggong, a new town in China (source: ISOCARP Review 11, 
p.156)

Figure 2. Beijing growth 2000-2009 (source: ISOCARP Review 11, p.110)
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2. Resilient city model: Quality of urban life and competitiveness inside a 
City Resilience Framework (CRF)

Both quality of urban life and city competitiveness refer to concepts which play 
a crucial role in decision making processes of local governments. Neither of 
them is easy to be achieved, especially in the context of the ongoing socio-eco-
nomic crisis. However the link between them remains controversial (issues of 
compatibility). The attempt to enhance economic competitiveness can be harm-
ful to the factors which constitute resident’s quality of life. At the same time it 
is considered that high quality of life is among the necessary conditions towards 
competitiveness (city marketing tool). International business consulting groups 
and various mass media issue yearly evaluations of cities according to the qual-
ity of life they offer under the form of ranking lists. In this process the quality 
of life concept is used as an integral part of a competitive city’s profile, which 
is able to attract capital, visitors and new residents. But city rankings seem to 
confuse the quality of life (quality of free time, mental health) with the quality 
of space (city’s image, cleanliness, effective transportation). 
Science, technology and innovation policies can contribute to the welfare of 
sustainable cities (government policy for sustainable wellbeing, “sustainable 
welfare concept”). Urban interferences such as urban transformation and renew-
al have been generally limited in the context of rehabilitation of cities ‘physical 
structures. Social sustainability (equity, diversity, interconnectedness, democra-
cy), healthy urban planning and resilience is the answer. The city is a complex 
environment and reflection of the society that harbors. It presents in its structure 
the web of relationships of social dynamics. The city has the potential to gen-
erate healthy environments in which quality of life is ordinator of the transfor-
mation process. As a result urban planning must consider the guidelines for the 
identification and development of these potentials, transforming them into effec-
tive action through a master plan for healthy environment. 

• Improvement of knowledge in decision making
• Pursuit of common goals
• Community involvement and participation 
• Efficient fiscalization
• “Intersetoriality” (health, planning, education, urbanism, economy, law)
• Healthy public policies
• Development of actions in a network.

As far as the City Resilience Framework (CRF) is concerned, “Urban Resilience 
is the capacity of individuals, communities, institutions, businesses, and sys-
tems within a city to survive, adapt, and grow no matter what kinds of chronic 
stresses and acute shocks they experience”. Inside the CRF drivers, sub-drivers, 
components and dimensions are included so as the city can acquire qualities for 
wellbeing: cohesion, economic prosperity, social stability, security, reliability, 
justice, continuity, emergency and effective management, innovation, employ-
ment, communication, mobility, transportation, sanitation, community engage-
ment, decision making progress, social networking, education, policy formation, 
logistics support, being reflective, robust, flexible, integrated, resourceful, re-
dundant, inclusive and healthy.

In terms of CRF, the sense of urgency is underlined in planning strategies. In 
other words, in emergency cases that demand instant decisions and prioritization 
from actors, planners must act instantly and efficiently (planning for the unpre-
dictable, awareness, prudence and action strategy).
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Figure 3. City Resilience Framework Drivers (source: http://www.100resilientcities.org/
resilience) 

 

Figure 4. Mapping City Stakeholders - To which drivers of resilience does each organi-
zation contribute? (source: http://www.100resilientcities.org/resilience) 
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Figure 5. City Resilient, chronic stresses and acute shocks

 

Nowadays the extended crisis imposes the priority of sustainable principles, 
focused on the decrease of urban density. Peripheral natural reserves are accept-
ed as the non-central issue that must be connected with the central civic areas by 
augmenting “green porosity” of the urban field. In this way the importance of 
the urban center is reversed in favor of the surrounding environment. Managing 
the twin elements of green and built-up space in a highly efficient manner is an 
interesting challenge. Balancing protection and development, considering ten-
sions and challenges, is also important. Smart governance is also needed for a 
wise management of the environmental resources. For example urban land read-
justments maybe are needed so as the problem of loss of green space to become 
an opportunity for urban voids as a field of experimentations through urban 
regeneration schemes. 

Beyond the density phenomenon, infrastructural networks have an undisputed 
role as socio-economic and political instruments in shaping of contemporary 
metropolis. They act simultaneously as global and local instruments and reg-
ulations of urban morphology on the way they form systems of streets, ducts, 
piers that lay their way across urban areas, binding them together or splintering 
them apart. Infrastructure’s traditional monolithic role ignores environmental, 
social and physical parameters. The above realization has brought a shift into 
contemporary design disciplines. They face infrastructure more as an interdis-
ciplinary realm of planners and designers, looking for alternative soft strategies 
to rehabilitate and integrate these systems into the urban environment via more 
sustainable practices. 
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Figure 6. Sustainability Components

The global urbanization process has undoubtedly major impact on all spheres of 
life. The growing role of cities as economic and cultural agglomeration centers 
is a fact. Pressure on ecosystems of cities is constantly increasing and as a result 
there is a need for a durable perspective mechanism together with a project or 
strategy as rewriting integrations, substitutions, connections for the requalifica-
tion of a contemporary city.

The “Urban Speedometer” is a tool that measures a variety of socioeconomic 
and ecological dynamics using a handful of indicators. The primary indicators, 
typically used to describe the speed and trajectory of urban change, are gross 
regional product, population, public and private investment, jobs, unemploy-
ment as well as urban area development. Secondary indicators characterize the 
standard and dynamics of many sub-systems and include further socioeconomic 
and physical factors and built densities, education levels, health care facilities, 
culture, commercial space, residential space per capita, green space, green infra-
structure, environmental pollution levels etc.

How precise are academicians, professionals, geographers, scientists at reading 
and interpreting the urban speedometer? There is a need for applicable theory of 
urban dynamics to understand the aspects of speed in urban systems. How well-
equipped are planners and other practitioners to act effectively and appropriately 
in situations of high speed urban change? There is much room for improvement 
and development of tools and principles to enable efficient action. 

4. Community planning – Participatory urbanism

Participatory design represents an approach towards landscape design in which 
possible users of a place play a critical role in its design in order to meet their 
needs and aspirations. For some, this approach has a political dimension of user 
empowerment and democratization. For others, it is seem as a way to minimize 
design responsibility and innovation by designers. It inserts a blend of exper-
tise from 2 main resources: a. residents of a community and their needs and b. 
skilled landscape architects. This leads to self-sufficient sustainable projects 
where the user feels intimacy and is engaged to care for it. The main goal is to 
translate users ‘needs into design.
Satisfaction of needs and sense of responsibility, cooperation (private and public 
sectors) cultivating mutual trust, communication terms in the designing process, 
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involving users and non-professionals, effective action-driven decision-making 
process (interoperability of methodologies) are some of the advantages of that 
type of planning. At the same time, distribution of power to the public can have 
negative results such as lack of communication between residents, planners and 
local stakeholders (conflicts of interest), which undermines acceptance and im-
plementation of landscape planning projects.
Another term used for Community planning, but more people-centric, is “In-
clusive planning”. If our cities are to become sustainable then it is imperative 
that we plan for the vast majority of those who are labelled as “urban poor” and 
are currently voiceless. Planning must ensure their voice is heard and that they 
and their needs truly form part of the city fabric. More people need to become 
involved and committed. Motivations should be given for the involvement of 
well-meaning citizens to:

1. Enhance liveability.
2. Built a long-term and continuous platform for sharing and dissemina-
tion of planning information and ideas. 
3. Accomplish collaborative efforts in other sectors, such as the formula-
tion of the Regional Cooperation Plan on Infrastructure Construction.
4. Provide a valuable platform for cross-fertilization of ideas.
5. Involve the wider community (public consultation, website so that res-
idents could have a better understanding and express their views, sharing their 
vision for the future). 
6. Collect views from experts and general public.

The whole effort can be regarded as a pioneering step in fostering cooperation 
inside the region through a more proactive and institutional approach led by 
both the government and relevant stakeholders, mostly expert advisors includ-
ing academics and planning professionals. Through unceasing dialogue and col-
laboration planners have gained better mutual understanding and are becoming 
more aligned in their values in achieving sustainability. As a planning interac-
tion (sharing the projects experience, both failure and success) and cultivation 
of mutual trust have in turn facilitated regional planning cooperation. Concern-
ing the citizens, their desire for more transparency and participation in deci-
sion making and their will to change the planning culture and practice will be 
satisfied. Furthermore, new innovative practices should be adopted in planning 
such as crowdsourcing via the internet, facilitated through modern social media 
(cellular phones, social networks etc.).

5. A City in Transition 

Urban transformation and continuous changes often create opportunities for 
alternative planning strategies, quite successful and remarkable attempts by few 
cities and regions to achieve sustainability (awards for best practices in Bilbao, 
New York and Copenhagen). Concerning the “a priori” form of new urban con-
figurations, the main trouble for a big city, as a “megapolis”, is the disintegra-
tion of the traditional “Forma Urbis” idea and the urban identity. The extreme 
process of urbanization produced an amplified confusion of urban spaces that 
causes a new and unexpected level of use and the downfall of social equilib-
rium. Nowadays, in urbanism the term “Megaprojects” is used to describe a 
strategic master plan of a region in enormous scale, with complexities and diffi-
culties in decision making, adaptive capacity and planning. That complexity and 
uncertainty was the challenge that Bilbao and Eindhoven faced successfully few 
years ago. 
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5.1 The success story of Bilbao

Bilbao has been recognized as a successful and prosperous example of revi-
talization through cultural investment. It won the Lee Kuan Yew world-cities 
award in 2010. Furthermore, Bilbao Renewal that began with the Industrial land 
clearance at Abandoibarra (2005) is the trademark for smart growth in Spain. 
A public company (Bilbao Ria 2000) was entrusted with land assembly and the 
planning and coordination of the redevelopment. Tacking these difficult sites 
could not be done by the private sector, because of its divergent interests, nor 
by a single public authority. It needed a public-public partnership to be able to 
unlock its potential. Bilbao Ria 2000 made a surplus in its regeneration of Aban-
doibarra, which then used to redevelop other areas in need of rehabilitation. It 
has large landholdings, which remain available for future development. Bilbao 
success story has triggered the “Bilbao Next” Initiative, focusing on knowledge, 
and the setting up of a selective network of “cities of excellence”.

 

Figure 7. Bilbao renewal (2012)
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Figure 8. Bilbao renewal (2005)

5.2 The success story of Eindhoven 

In 2003 the official cooperation between city Council, University, Design Acad-
emy and other knowledge Institutes started. Eindhoven itself became the subject 
for research. “The city as Laboratory” project was born, called E+. Eindhoven 
benefited greatly from initiatives through which urban design became a new 
logo for the city, but there still seemed to be gaps in terms of pro-active invest-
ments related to this new quality and identity. A new wave of creativity inside 
the city has been appeared along with a belief in a new creative economy, based 
on innovation and design thinking. The future goals of the whole effort are: 1. 
to reuse some buildings for a pilot live-work centre and 2. get the neighborhood 
involved to start up a process of social innovation. 
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Figure 9. The poster and book in 2000+

 

Figure 10. New identity of Eindhoven, public space design by Massimiliano Fuksas
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Figure 11. Eindhoven “City as Lab”

6. The great Reset of a city

The hypothesis of sustainability is “proper densification” with green planning 
practices and ecological culture (Densification + greenification = Sustainable 
city). Nowadays, main purpose is the reset of a city, facing the new ways of 
living, even the crisis as a challenge. As the viability of large scale is uncertain, 
we must consider if the proposed project is a realistic and applicable option and 
under what criteria. But how could we make our cities smarter, greener, healthi-
er and their habitants happier? A framework for sustainable urbanization is nec-
essary with climate initiative and energy approaches. 
All the involved, actors, architects, designers, planners, developers, specialists, 
stakeholders and the Municipality should consider about urban resilience frame-
works and indicators, highlighting the sometimes unaccounted key role of bot-
tom-up initiatives in building more resilient and sustainable cities. 
The very recent assumption of resilience not to be normatively considered as a 
positive concept placed emphasis on the academic discussion around whether 
resilience should be informed by sustainability principles and practices. By 
suggesting the approach of Users - Driven Resilience, our cities launches an 
academic international debate on how urban resilience should be handled and 
reframed in order to i) think whether the design of city resilience strategies is 
in line within sustainability objectives, ii) determine how bottom-up initiatives 
contribute in building resilience towards sustainability and iii) measure such 
social values and capacities within urban resilience frameworks. Therefore, to 
achieve the reset of a city it is necessary to reinvent planning through alterna-
tive approaches and aspirations to balance sustainable growth, create equity and 
prosperity. 
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Figure 12. Metropolitan character (source: ISOCARP, 2009, www.skyscrapercity.com)
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Figure 13. Analysis of strengths, weaknesses, opportunities and threats / SWOT (pro-
duced by M. Weinig, V. Luft and X. Sabodash, student work 20011)

6.1 The influence of networks on the city fabric

Figure 14. Steps to achieve a Sustainable Community and Green Infrastructure Plan 

Landscapes (social and spatial) transformations and human interaction should 
be treated as a whole. Transportation planning is also important, as mobility 
and infrastructure have the power to enhance or to destroy any effort of urban 
growth. Investments in urban transport are necessary so that sustainable urban 
mobility strategies to take place. 

Developers and urban thinkers mediate between multiplicities of contradictory 
forces (politics, businesses, public, different interests). Planning is about the 
future but planners would do well to resort to their collective memory including 
mistakes and learn from them while acknowledging their changing role in a new 
governance environment and accepting their share of social responsibilities. 
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6.2 Knowledge clusters as strategic agents for sustainable urban regenera-
tion 

Clusters, as geographic concentrations of interconnected companies, have 
developed to foster local and regional growth, innovation and knowledge cre-
ation. Clusters as agglomerations of organization that are production – oriented 
towards knowledge as output or input and organized around universities or 
research institutions (networking, sharing capabilities) have the potential to be-
come strategic agents of urban regeneration. They have a symbolic relation with 
their surroundings. Finally, due to their practice role in producing innovative 
responses, they can act as seeds within the implementation of urban regenera-
tion strategies. 

Figure 15. Main clusters of New Moscow

7. Conclusions

In the era of the current crisis, which is a global economic phenomenon, chal-
lenges of urban and social sustainability are appearing along with efforts and 
experimental projects from planners. At the same time critical assessment and 
evaluation, with different criteria and indicators, is a necessity. Academics 
use the term “urban blur” into their reflections referring to changing cities and 
changing city-scapes. Thus flexible urban landscapes are myth or reality?
Urban design in the age of recession faces many difficulties. Concerning the 
urban malaise of our times, it is the interruption of the process of cognition in 
complex systems the main problem. Approaching cities as complexes, self-orga-
nizing systems, is the first step. Moreover, it is important to remember that the 
city constitutes a dynamic morphology of surfaces (dynamic systems with ener-
gy flow) that interact. Consequently it is through technological tools that plan-
ners should try to reconstruct the urban body mutations. Scientific, political and 
design interrogations could emerge design possibilities for the reclaim of urban 
space. Initiatives and policy should promote sustainable and integrated develop-
ment by preserving place identity. Certainly, decision making is quite difficult 
because of conflicts of interests, lack of knowledge or clashes of competencies 
or even the phenomenon of privatization that blocks public initiatives, but the 
venture in the social realm is huge. 
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Abstract

In designing and managing land use distribution, as a complex system, in addi-
tion to providing a visionary and intuitive strategy one should concern the rule 
based optimization processes and the internal autonomous forces. These ensure 
cities global eligibility besides their local efficiency and compatibility. This es-
say suggests a model to create negotiation between these two design generators. 
The tool is developed as an agent based model in a parametric environment 
and presented through a hypothetical case study. First, the system structure and 
behavior is defined and then through direct and indirect control tools, the chal-
lenge was to achieve suggested design scenario without ignoring the self-or-
ganizing behavior and rule-based demands of agents. The tool helps designer 
to achieve the ideal scenario by engineering agents and anticipate essential 
supports for certain outputs. In addition, the distribution of uses is provided by 
the tool to provide mix of uses in an efficient way without interrupting clustering 
effect of agents. 

1. Introduction

Cities are chaotic and unpredictable and they self-organize themselves inde-
pendently of our scientific predictions and planning rules (Portugali, 2000). 
They change frequently due to evolving human activities and in interaction 
with other related systems that make them shift from what designers planned 
them to be. In comparison with more stable urban elements like transportation 
infrastructure which needs long-term support and supervision, land uses are 
unpredictable and shifting. Their spatial and temporal distribution depends on 
many factors such as environment, socio-economic situation, infrastructure, 
urban policies and so on. The question is how should one come up with a design 
strategy for such a complex and dynamic system? Have a scientific approach 
(like location theory and spatial analysis), be visionary (like le Corbusier in city 
of tomorrow) or take side of a systematic approach toward engineering system’s 

AN AGENT-BASED MODEL FOR LAND USE 
DISTRIBUTION WITH A FOCUS ON DESIGNER DIRECT 
AND INDIRECT CONTROL OVER THE SYSTEM
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behaviour? There need to be a medium between the designer intention and top 
down approaches on one hand and the self-organizing agents on the other. Ur-
banism is like one big theatre in which we the audience-scientists-planners sit 
and look and often respond to the dynamics of the changing complexity (Portu-
gali, 2000). 

In this article we have proposed a strategy for land use distribution planning 
through direct and indirect control of self-organising agents. The designer 
would set up the agents’ behaviour and environment, based on policies, facts 
and the desired criteria and then, negotiate his intentions toward a result which 
works for both sides. Unlike many models here time is not affecting the simula-
tion. The whole process is elaborated further through a hypothetical case study 
and the system behaviour, possible control strategies and implementation of 
those in design are presented.

2. Land Use Distribution Simulation

There are many studies, software and games on prediction, modelling and sim-
ulating land use distribution. They mostly just focus on specific parameters like 
transportation, pollution, socio-economy factors, land use compatibility and 
efficiency, urban growth and land use change. There are few cases that work as 
design assistant tool and are able to interactively respond to designer’s action in 
different scales and aspects. In most cases, possibility to define criteria, driving 
parameters and scenarios and additionally modelling tools are very limited. If 
we consider land use distribution as result of different uses (agents) interaction 
with each other and their environment (field), two main approaches of model-
ling these behaviours would be recognisable. 

In first group are the models which consider local values and based on that de-
fine suitability value for each use. For instance, Land Use Analyst is a multi-cat-
egory land use evaluation system integrated within the Argus ONE GIS envi-
ronment. It allows the user to conduct a detailed land use analysis subjected to 
levelled influencing criteria called Categories and Sub Categories. Categories 
are assigned weights and Land Use Analyst calculates the suitability of the land 
use over the entire evaluated area. These models give a proper overview of the 
site potential for different uses though in case of design they do not consider 
mix ratio or effect of neighbour agents. 

The second group belongs to those in which system self-organizes its internal 
structure independent of external causes. There are different models of studying 
self-organizing cities. Amongst, cellular automata and cell space models provide 
a specifically appropriate infrastructure upon which to construct models of cities 
as self-organizing systems (Portugali, 2000). As an instance we can mention, the 
relative probability model (Pijankowski et al., 1997) which uses spatial interac-
tions of neighbourhood, distance, patch size (parcels), and site-specific charac-
teristics (Allen, 2003). 

There are also some models that combine these two like, Pijankowski model 
(1997), LEAM (Land Use Evolution and Impact Assessment Model, 2013), 
Ward et al (2003). In these cases, several factors, or drivers, go into determining 
the likelihood of land use change which are associated with each cell and char-
acteristics of surrounding cells. Though, they mostly work in two dimension and 
larger scale scenarios. In these programs defining scenarios and editing partici-
pating factors and criteria specifically in real-time is not easy. In general, there 
is a lack of a holistic model which is able to work in a 3D parametric environ-
ment and let designers easily manipulate system and engineer it towards his/her 
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goals. In This study we used a holistic approach, integrating mentioned models. 
For each agent, mix ratio, effect of neighbours and local values and suitability 
are considered. The tool is developed in Rhino and grasshopper platforms. The 
parametric environment makes it possible to modify design and field, work in 
three dimensions and edit parameters, data sets and system rules in real time.

3. Taming Self-organizing System 

To model and engineer a complex system first we should define its components 
and behaviour and then find possible ways of control. Here we tried to simulate 
behaviour of different uses in an Agent Based Model (ABM) where Interaction 
is a key aspect. Agents should interact with their environment and other entities 
in order to solve problems or simply reach their goals according to coordination, 
cooperation or competition schemes. The essence of an ABM is the fact that 
the global system dynamics emerges from the local behaviours and interactions 
among its composing parts (Bandini, Manzoni and Vizzari, 2009). Our sug-
gested program works over a voxel filed in which each type of use could be as-
signed to cells and interacts with the system in four ways (categories suggested 
by ArcGIS (2013)):

- Local: agent considers field condition and allocates itself based on suitability 
values provided by each single cell

- Zonal: refers to either field territory with certain attributes or cluster of agents 
with identifiable characteristics and primary use.

- Focal: each agent interacts with its neighbours in a certain distance 

- Global: the agents consider the land use mix ratio

The focal interaction can highly affect sprawl development characteristics such 
as density, continuity, concentration, clustering, centrality, nuclearity, mixed 
uses, and proximity (Galster et al., 2001) which in turn, are influential in spatial 
optimization for sustainable urban activity allocation. To provide a sustainable 
model we defined four focal behaviours for each agent:

-Empower clustering: attract same use type if clusters size > (a).

-Control clustering: repulse same use types if clusters size > (b).

-Empower compatibility: attract compatible types of use to clusters size > (a).

-Empower mixed used and transit oriented development: provide essential uses 
in an accessible distance.

Based on these behaviors designer can control the final outcome by modifying 
the field, changing global values and affecting focal behaviours either by direct-
ly inserting uses or changing the agents’ rules of interaction. 

4. Negotiation between designer scenario and agents’ behaviour 

In this part, the proposed model is implemented in a hypothetical case study. 
Based on a given field condition, density distribution and uses mix ratio as 
given parameters, we came up with an intuitive design scenario for land use 
distribution. Five main types are defined as primary uses: residential, retail, of-
fices, public services and cultural and entertainment. Each of these are further 
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subdivided to temporary, small and large scale types. To prepare the filed for 
simulation, the massing was converted to a voxel filed. The suitability values of 
each cell for different uses are analysed and based on the mix ratio and the pri-
orities, uses were assigned to cells. Then we compared the result with our plan 
and modified the scenario for a more efficient outcome. In this step the outcome 
was analysed based on the agents’ focal interactions. They interact with each 
other and the field, in different scales, phases and generations till primary and 
secondary uses combine and the model reach a relatively stable state. Again the 
output is compared with the scenario to see if they match, otherwise either the 
scenario or the system is modified (Figure 1).

 

Figure1.The overall system structure and possible ways of control. 

The final pattern is result of many driving parameters. By analysing the pattern 
to find out underlying reasons we could engineer agents toward our intention. 
To come up with the desired output we indirectly controlled the agents by first 
changing the field, then directly assigning a use to certain cells and finally by 
changing flexible interaction rules and in other words the agents’ behaviour. In 
each step we guide the output result toward our goals without affecting main 
characteristics of agents that are considered as internal and fixed parameters 
(like compatibility or accessibility factors). Therefore, we can argue the final 
pattern is working efficiently based on rules and policies and has satisfied our 
design goals. 

4.1. Field Preparation and Suggesting a Design Scenario

Initiating driving parameters has a crucial effect on simulation result. A voxel 
cloud in 5 levels presents the massing. The 11 types of uses are supposed to 
compete over these cells and based on the individual and group benefits suggest 
the most optimise answer with a given filed condition and behavior. Here to 
show different potentials of the design model we considered three main topics 
of energy production, micro climate condition and finally access and transpor-
tation as driving parameters. For energy production we considered geothermal 
potential and areas with proper wind speed (more than 5m/s). For micro climate 
focus was on uncomfortable wind speeds, natural ventilation potential and fresh 
air sources. Also view and proximity to natural sources like green areas and 
water bodies were part of the field conditions. In addition, the proximity of each 
cell to public transportation and road networks with different hierarchies were 
analysed in 5 levels. This is due to effect of height on accessibility of cells (Fig-
ure 2). 
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Figure 2. parameters of field condition.

If we assume some cells with specific program, then access to other uses and 
compatibility issues will be also addressed in focal behaviour. Finally Uses mix 
ratio is defined to affect global behaviour (Table 1).

Table 1. Uses mix ratio of different programs.

Type of use T-Residential
 S-Residential
 L-Residential S-Business
 L-Business
 S-Commercial
 L-Commercial
 S-Services
 L-Services
 S-Entertain
 L-Entertain

%  5 15 20 5 5 15 5 10 5 
10 5

4.2. Suitability Analysis and Design Scenario Revision

In this step we used Cohon’s (1978) weighting method. Based on influence of 
different field parameters on each land use type, the suitability values of each 
cell for different uses are calculated. The weighting coefficients assigned once in 
general to the driving parameters so for instance the accessibility would be more 
influential than geothermal, then individually they are defined based on their 
influence on each program (Figure 3). 
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Figure 3. Weighting coefficients of driving parameters to derive suitability map.

At this point the suitability values for each use are calculated over the voxel 
field. Sample of these values for some uses are presented in figure 4. After cal-
culation each cell contains 11 suitability values for each individual use. Now 
that priority uses for each cell are defined. Based on the mix ratio the agents 
would compete and locate themselves in most suitable available cell (6.A). 
Considering the suitability map, we modified the design scenario toward a more 
rational and efficient outcome, as one important goal of these simulations is to 
prevent us to decide just based on assumptions (Figure 5).

 

Figure 4. Instances of individual suitability map in 5 levels. Lighter colors indicate 
higher properness values.
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Figure 5. Initial and revised design scenario based on suitability analysis.

4.3. Neighborhood  Effect and Focal Analysis

There are certain issues to be achieved through focal interactions. Therefore, 
we considered a minimum and maximum number for each type of use which 
indicates the minimum number of cells required to consider an aggregation, a 
cluster and the maximum desirable size of it. After the minimum number, the 
cluster is defined as a zone with a recognisable primary use, each point of which 
would attract the same types of agents and with lower power compatible ones 
(figure 7). This will continue till the cluster reaches its maximum size. After 
this the cluster would stop attraction and if it passes the desired size it will start 
repelling similar types. To do these, basically each point located in the cluster 
zone change suitability value and in turn priority of certain types in cells located 
in a specified distance to it.

In addition, here we aim to ensure accessibility of different programs in a walk-
able distance and provide mixed use communities. Therefore, each cell will 
look at its neighbours in distance of 300m and analyse the existing local mixture 
ratio. Based on that and the specified minimum demand of different uses in a 
walkable distance the suitability values and priorities of the cell will change 
in favour of the uses in shortage. This behaviour and the cluster attraction for 
compatible programs ensure that for instance in a residential cluster some offic-
es, commercials and services would be distributed in walkable distance (figure 
7). Figure 6.C. shows the focal effect ran over the suitability map presented in 
Figure (6.A). In each iteration, the focal effects reset the suitability values and 
priorities and therefore the suitability map and in turn the clusters will change. 
This continues till the system reaches a relative state of equilibrium.

4.4. Direct and Indirect Ccontrol of the System

Now that the first step is completed we can compare our scenario with what the 
agents suggest as the natural and efficient behaviour of the system. In contrast 
with the desired outcome, as it is visible in the first step distribution simulation 
map, the upper left corner of the site has less urban attraction in comparison 
with other parts and river side has become a residential zone. The commercial 
uses have aggregated in the fourth and fifth floor which is not again proper 
based on their accessibility level. Even, in the suitability map (A) in spite of 
the site good location between the park and river, the land is more attractive 
for services and residential uses. This is due to lack of accessibility to public 
transportation at this point. So our first step to engineer agents’ behaviour was to 
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change the field by modifying accessibility map and adding a public transporta-
tion node. 

In next steps, as design strategy, we directly changed suitability values, priori-
ties and state of cells. Also indirectly we modified their behaviour by changing 
the clusters’ size domain and also their behaviour in attracting other types (F).

 

Figure 6. Left part shows different steps of simulating system and right part denotes 
implemented control and design strategies. A and B) initial suitability map and the one 
after changing filed. C and D) Land use distribution based on in turn maps A and B.  E 
and F) Result of direct and indirect control of field and agents’ behaviour.
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 Figure 7. Emergence of clusters and efficient distribution of mix of uses

4.5. Result

To achieve a legible land use distribution and yet respect agents’ behaviour and 
also consider the efficient distribution of uses the model was implemented on a 
hypothetical field. In each step the simulation shows the potentials and shortag-
es in site that made the simulation deviate from the defined goal. By analysing 
the simulation result, designer could directly or indirectly manipulate the field 
and agents’ behaviour in real time to support the ideal result.
Traces of meso scale influences as field condition are visible in result maps. 
Field configurations are loosely bounded aggregates characterised by local 
interactivity. They are bottom up phenomena: defined not by overarching geo-
metrical schemas but by intricate local connections. (Allen, 1997). On the other 
hand, the automatic scattering of mixed uses increases the site use efficiency. 
The simulation and design process took reasonable time and the model is very 
user friendly and comprehensive comparing with the similar instances.

5. Conclusion

In managing land use distribution, one should consider the overall urban legibil-
ity in larger scales. On the other hand, there is need for a mixed, compatible and 
transit oriented distribution of uses. The first is mostly depended on top-down 
strategies and the second one relates to more local scale rules. Aim is to provide 
the designer intention and yet respect the dynamic system. Land use modelling 
tool can be very useful to help designer examine success of different scenarios 
through decision making process in a holistic manner, and prevent design to be 
based on assumptions. The output feedback can provide a proper evaluation of 
designed elements, policies implementation and efficiency. Suggested model 
provide designers with sets of tools and mediums in form of certain parameters, 
weighting coefficients and definable rules and relations to directly and indirect-
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ly control the agents’ behaviour and in turn land use distribution. On the other 
hand, as design scenarios mostly focus on primary uses the model is very useful 
to allocate the secondary essential programs to ensure mixed use and accessible 
development. 
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Abstract

The Parameterization Platform of Collective Life* is an experimental propos-
al for collective life under urban mobility circumstances, and is encouraged 
through an architecture production process. Principle of this architecture is 
the emphasis on spatial qualities that are created by the relationships between 
different kinds of spaces and all the different situations that give those spaces 
life. The implementation of collective life is encouraged through three kinds 
of methods: the minimization of privacy, the expansion of daily activities out-
side the private spaces, and then the customization of public life. All these are 
orchestrated through a configuration process of social, spatial and structural 
parameters, in which the user himself acquires an important role, following the 
ideology of the DIY, DIWO, commons and open source contemporary culture. 
Due to the dynamic and constantly evolving nature of this platform, a flexible 
and easy-to-use scaffolding system is selected, in order to create an easy-to-use 
spatial grid.

*PPCL is our thesis project, which was presented on 21st October 2015 in 
NTUA, grace to the contribution of our supervisor professor, Dr. Stavros 
Stavrides and Mr. Panayiotis Vasilatos.
[For the whole diploma project in Greek, follow the link: https://issuu.com/pa-
rameterization_platform/docs/ppcl]

PARAMETERIZATION PLATFORM 
OF COLLECTIVE LIFE
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1. Scenario

The Parameterization Platform of Collective Life refers to every urban nomad 
and can be applied to any urban environment that exhibits uniformity in its most 
characteristics, high residential density and a great amount of spatial latent po-
tential.

The organization and realization of the specific platform is guaranteed through 
an institutional context in which the architect’s role is revised, his identification 
as a designer of a final crystallized product is being lifted and his main tool is 
the logic of a parameterization practice.

The main objective of this project is the encouragement of public life, through 
an architectural production process. The basic principle of this architecture is 
the emphasis on spatial qualities that are created by the relationships between 
different kinds of spaces and all the different situations that animate those spac-
es. The implementation of collective life is encouraged through three kinds of 
methods: the minimization of privacy, the expansion of daily activities (prepa-
ration of food and eating outside the private spaces) and the customization of 
public life.

2. Linguistic analogy

To better illustrate the concept of parameterization, a linguistic analogy is used 
at this point. Through this kind of metaphor, the concept of space is paralleled 
to that of a word. In this project as spatial components, or a word’s syllables, the 
parameters of standing and movement are used.

More specifically, the parameter of standing represents the minimum area of 
privacy (Figure 1), such as a sleeping area or a small workspace of low-distur-
bance, office or reading space, while the movement zone serves each private 
space, connects it with the public network and with other public or private spac-
es. 

 

Figure 1.Minimum dimensions of sleeping and workplace area.

From the first parameterization level, namely that of privacy, result four dwell-
ing units. These are derived by taking into account the number of users and the 
degree of intimacy they have with each other (Figure 2), as it plays a significant 
role in positioning the standing and moving areas. In linguistic terms, these four 
units represent four “words” (Figure 3).

Figure 2. Diagram of intimacy and spatial organization.
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Figure 3. Diagram depicting the circles of intimacy

Two other very significant features of perceiving space are its access and limits. 
Regarding the access to the aforementioned units, it is possible to be unequivo-
cal, thus creating a more introspective cell, or to have more than one accesses, 
thus creating a more extroverted kind of unit (Figure 4).
Figure 4. Characteristics of access and limits in the process of perceiving space.

The second parameterization level, the spatial one, refers to the syntactic rules 
that are needed to form “words” and “sentences”. Based in the linguistic anal-
ogy, when referring to phrases we are actually referring to the elementary rela-
tionship between words, or the creation of a compound word, thus, creating spa-
tial combinations, called space complexes (Figure 5). Moreover, when referring 
to sentences, we essentially refer to a word’s relationship with other parts of 
speech, or in this case to the creation of a neighborhood (Figure 6).

Thereby, by articulating very small spaces, an infinite space is emerged. By ar-
ticulating privacy units, eventually the space of collective life is created. In this 
level of configuration two kinds of common living spaces may occur, the space 
that connects two units together and converts them into a complex and the space 
which functions as an open area between two or more units that are not related 
together as a complex but as neighboring units.

Figure 5. Relationship between words/units

Figure 6. Relationship between words/units and other parts of speech/complexes
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3. Platform

The definition of the Platform is divided into three different kinds of levels, the 
organizational, the parametric and the constructional, defined by a material or 
immaterial character.

At the organizational level, and from a “physical” point of view, the Platform 
refers to a human latent potential, all those individuals who are necessary for the 
Platform’s successful implementation. Architects and engineers, legal advisers, 
psychologists, environmentalists, sociologists and social workers can provide 
their ideas and skills and stay in constant contact with the citizens in need. This 
effort is enhanced through the volunteers and users’ aid in order to give life to 
an alternative architecture production. The “immaterial” side of the whole ef-
fort, and the organization of all the latent potential could be summarized in the 
form of an online platform. (Figure 7)

Figure 7. Sitemap of the online Platform.
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To better describe the parametric and structural definition of the Platform, it 
is being paralleled with the concept of a System. A System, which is used as a 
simulation in the System Theory for the study of socio-biological or other is-
sues, is a network of interactive parameters. This means that each change that 
occurs in any part of the system will cause alterations to the other parts of the 
system. These changes are not necessarily foreseeable. This characteristic of the 
system is related with the function of self-organization, which describes a col-
lective behavior between components that interact with each other. Furthermore, 
the system interacts with its surrounding environment through a feedback pro-
cess. An example of such a system is the cellular automaton. A society of atoms 
(digital or not), that move in a grid following predetermined rules. The most 
common paradigm of a cellular automaton is the Game of Life, devised by the 
mathematician J.H. Conway (1970).

The Platform, as a system, has certain specifications, both constructional and 
functional (Figure 8). From a constructional perspective, some particular 
characteristics are highly essential: Flexibility, standardization, easy-fast-safe 
assembly (even by a person without special expertise), the ability to partially 
extend vertically and horizontally etc. All these provide a desired manufacture 
economy, while it is very important for the construction system to be statically 
sufficient. Regarding the functional standards, private units are required as well 
as common areas, either prefabricated (such as the water system and electrical 
network, the sanitary facilities and kitchens or the movements’ network) or 
spaces organized and created by the users themselves through a process of par-
ticipatory design.

In addition, the capacity of alterability refers both to the type of the units’ func-
tion and the limits between the units and public life. As a result, an amplitude of 
socializing mood ratings can be generated, that eventually encourage, impose or 
prevent the procedure of socialization. 

Moreover, spatial parameters are of structural importance for the Platform 
(Figure 8). The multitude of standards and parameters leads to a process of 
decisions’ obviation or selection in order to facilitate the whole research and 
practice.
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Figure 8. Specifications and parameters of the Platform

4. Options

The selection of the system options that are abreast of the above mentioned 
system specifications, are of vital importance. Subsequently, the constructional, 
functional and spatial options of the platform system are sufficiently presented. 

4.1 Constructional Options

The selected structural system that will support the collective life is a modular 
scaffolding system, that is composed of vertical, horizontal and diagonal ele-
ments, as columns, beams and braces respectively. The characteristic that stands 
this system out from the rest scaffolds, is its connections means, the rosettes. To 
be more specific, each column bears rosettes every 0.50m, amplifying the ad-
vantages of this system.
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At first, the columns have to be founded on baseplates after the placement of a 
basecollar. As the columns can bear a bolted spigot, they contribute to the verti-
cal expandability of the scaffold grid. Moreover, the ledgers (beams and diago-
nal braces) bear wedges at their edges so as to be connected to the rosettes in an 
effective way (Figure 9). 
 

Figure 9.  a) Column’s height: 3m / rosettes per 0.50m 
                 b) Auto-lock system
                 c1) Base plate
                 c2) Base collar
                 d) Possible connections of beams into the slots of a rosette          

The scaffolding system ensures two of the most fundamental specifications of 
the platform, the flexibility and modularity of the spatial grid.

The connection role of the rosettes consists of the greatest advantage of this 
scaffold type, as they ensure that the assembly will be easy, fast, precise, safe 
and executable even by only one person, irrespective of the height. 

Each rosette bears 8 slots which are appropriate for the connection of 8 ledgers. 
Therefore, the result is a group of compact connections for the elements of ev-
ery level, instead of a group of connections occupying a large part of every col-
umn. Actually, each rosette can bear 2 tons of compressive force.

The cutting-edge technology of connections in this quick-to-assemble scaffold-
ing system make a unique combination; providing structural strength and subse-
quent ultimate force transmission with high flexural resistance while offering a 
choice of automatically right-angled or connections with unrivalled safety right 
from the start (Figure 10).

Figure 10. a) Structural assembly from the beginning: By sliding the wedge head over 
the   
                     rosette and inserting the wedge into the slots. 
                 b) The component is immediately secured against any possibility of shifting 
or                       
                      dropping out.
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                 c) A blow with a hammer in the wedge transforms the connection from struc-
tural   
                     assembly to force transmitting rigidity.      
                 d) The flat rosette without recesses or raised edges prevents clogging with 
dirt that 
                     might otherwise hamper assembly.          

As a result of the rosettes at specific heights and the auto-lock system of the led-
gers’ wedge into the rosettes, the assemblage procedure is free of bolts, difficult 
connections and spirit level necessity. 

Also, the prefabricated independent parts (columns, beams, braces) of the scaf-
fold system render its modular nature. A choice is offered regarding the material 
of the scaffolding system, thus aluminum and hot rolled steel are available. As 
a consequence, each part is lightweight and easy-to-transfer at every level and 
position. 

The constructional flexibility of the system is ensured by:
a) the variety of the standardized members regarding the dimensions, 
b) the variety of baseplates that provides high levels of adjustability to every 
type of landscape with centimeter-accuracy and
c) the variety of deck materiality: perforated or solid, made of hot-dip galva-
nized steel or aluminum or plywood board (with non-slip and flame retardant 
coating). Also, there are 3 available deck sizes that satisfy all the available 
lengths of beams and can be removed at any construction stage, if they are not 
necessary. 

Another unbeatable advantage of this scaffolding type is its potential integration 
of a personnel hoist (construction elevator) and a stairway tower with the same 
types of connections. Additionally, instead of the standardized types of stairway 
stringers with standard heights, steps and landings, there are also available mod-
ular stairway steps than can be easily attached to the main stringer, thus expand-
ing it. 

Concerning the functionability requirements and parameters (see Annex Fig-
ure 2), the system options have led to the spatial definition of the four units 
(“words”) according to their special characteristics. The residential units can be 
categorized into the single-person-units for those looking for one single private 
room, and into the two-person-units, which, depending on the kind of relation-
ship between the roommates, may be subcategorized to those appropriate for 
couples (high intimacy), relatives (medium intimacy) and just roommates (low 
intimacy). There can also be an option for an office or a low-disturbance work-
space or even a reading space. Thus, the complexes of units (phrases) become 
enriched.
For this specific level of research and experimental approach, among all the 
types of possible sites (see Annex Figure 4) one certain type was selected: the 
rectangular plan 
a) with two party walls without openings and two street facades, respectively 
for each pair of the plan’s opposite sides and
b) with a value of area the average area of the spatial latent potential in the cen-
tre of Athens.
Depending on the area of the site, the allowable number of users and as well as 
the necessary area for the common spaces are determined per level.

The procedure for the implementation and realization of the platform consists of 
the following stages: Site localization, approval by the Platform (human latent 
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potential), dimensioning, consideration of the building blocks’ characteristic 
parameters, selection of the optimal column pattern for the maximum exploita-
tion of the site’s dimensions, construction of the main parts by experts (sanitary 
rooms, kitchens, elevator, stairwell and the two piers for the attachment of any 
upcoming units to the column’s rosettes, which assist each user-constructor to 
anchor on his own unit/space.

5. Implementation

5.1 Minimization of the private life

                                                                                

                                                                 
                                    

  

                            

Figure 11. Blow-up of the single-person-unit
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Figure 12. The single-person-unit

Figure 13. The two-persons-unit (high intimacy)
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Figure 14. The two-persons-unit (medium intimacy)

Figure 15. The two-persons-unit (low intimacy)
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Figure 16. Timeline of the possible ways of appropriations of space by each user.

5.2 Alterability of the private life

The element of the parameterization and alterability of private life is imple-
mented by the types of panels, which are divided into panels of different uses 
and panels of openings (doors-windows).
According to the needs of each user and the type of his unit, the different choic-
es from the list of panels can produce a unique customized space, thus satisfying 
the specific needs of each resident.
The panels are characterized by standardized dimensions and materials. This 
standardization is essential for reasons pertinent to the construction phase. The 
user can create his own space through an initial appropriation procedure either 
with the assistance of volunteers or according to the instructions of a manual 
provided by the online platform.
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Figure 17. Panels of openings

Figure 18. Panels of uses
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6. Snapshots

 

Figure 19. Axonometric projection
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Figure 20. Plan of first level
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Figure 21. Plan of second level (and each level without kitchen units)
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Figure 22. Facade 1
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Figure 23. Facade 1
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Figure 24. Longitudinal section
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7. Conclusions

Parameterization Platform of Collective Life (PPCL) is a new experimental 
proposal for emerging communities under urban mobility circumstances, and is 
encouraged through a production process of parameterized architecture. Funda-
mental principle of this architecture is the emphasis on spatial qualities that are 
created by the customized relationships between different kinds of spaces and 
all the various situations that give those spaces life. 

This is enhanced by the encouragement of collective life, that could be imple-
mented through three methods: the minimization of private spaces, the expan-
sion of daily activities (like preparation of food and eating) outside them, and 
then the parameterization of public life.

Due to the dynamic and constantly evolving nature of the platform, the flexi-
ble and easy-to-use scaffolding system is selected in order to create an effort-
less-to-occupy spatial grid. All these are orchestrated through a configuration 
process of sociable, spatial and structural parameters, in the options of which 
the user himself takes fundamental role.

«The space is a political body handled with expediency. It is a tool in someone’s 
hands, individual or collective, namely of a power (ie. a state), of a ruling class 
(the bourgeoisie) 
or of a group that can represent the entire society ...» (H. Lefebvre, 1977)

The sociable parameterization takes into account the number of users and the 
degree of intimacy that already have or want to develop, leading to the defini-
tion of specific housing or working units.

The spatial customization is mainly related to the spatial planning of standing 
and flowing spaces, the limits and access to the units and, ultimately, the syntac-
tic relationships between them.

The constructional parameterization takes into consideration the characteristics 
of the scaffolding system, its static constraints and other constructional issues 
concerning the possible elements (textiles, nets, bubble wrap, plywood panels) 
that can fill up the voids of the spatial grid. 

As a result of these parameters, each unit bears an aggregation of properties into 
the grid, through which it can interact with the other units, defining the evolu-
tion of this emerged community.

By articulating very small spaces, an infinite space is emerged.
By articulating privacy units, eventually the space of collective life is created.

The advantages -functional, sociable, structural- of the PPCL make it a suitable 
infrastructure for hosting any kind of urban nomads, even the refugees’ flows. 
The Platform could serve successfully the needs of a small -just emerged- com-
munity of people, whose basic priorities are; resting, food, hygiene conditions, 
medical care, safety and protection from the environmental conditions. 

As a result of the above mentioned constructional characteristics of the scaffold 
system, mainly the absence of permanent foundations of the spatial grid and 
the cutting-edge connection method via the rosettes, the Platform can be disas-
sembled and set up from the scratch in another site with very low impact on the 
environment. 
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The PPCL could be adjusted to the voids of cities, where the urban nomads 
could be hosted and begin to integrate into the society. Hence, the Platform 
could be a solution of a less or more ephemeral minimized community, as the 
scaffold grids can be habitable from the very first moment either by using a 
sleeping bag/tent over the scaffold decks or by using pre-fabricated panels with 
insulative and retardant materials. 
Finally, the Platform can be parameterized and adapted to the area according 
to its geomorphology and both the quantity and needs of the incoming people. 
A supporting team of volunteers could set up the initial infrastructure and then 
with the users’ participation the grid could be filled in. The outcome of this 
parameterization is an aggregation of dwelling units under socialization condi-
tions, that decrease the feeling of marginalization while amplifies the sense of 
belonging to a team. 

«Culture and life meaning do not exist substantially if they are not produced as 
a consequence of the contribution and participation, co-existence and exchange 
between all of their components, namely human units.» (C. Laurent, 1993)

By articulating very small shelters, an infinite home-land can be emerged.

« The right to the city concludes to a knowledge, which applies to [...] the space 
production.» 
(H. Lefebvre, 1977)
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Abstract

 Develop an APP; information system, able to identify the behavior of citizens 
in relation to the existing territory measuring the harmony produced by rec-
reational activities for them. Taking these as the method of our intelligence 
and sensitivity to reconcile nature and technology, apprehending the game as 
a cornerstone of citizenship education, naturalizing variables in numbers and 
translating them into spontaneous, synthetic and expressive images: interactive 
postcard of the city; living museum... 

Through history, tours and activities; a new way of observing, prioritizing cul-
ture, enabling citizens to participate actively collaborating in the urban space 
they form part; allowing to experience public spaces to detoxify, improve rela-
tionships, enjoy the heritage, develop a sense of belonging to the community, 
increase the educational potential of the common property of citizens and, 
therefore, ensure the commitment of the people / citizens with the care of their 
city.  Recover local landscapes and provide opportunities for constant change 
through cohesively connected spaces, free from congestion produced by the ‘’ 
Mass culture ‘’ ... 
      ... Routes and paths in the city would return to breathe unify-
ing the realities that currently divide ...     ‘’ To be recognized as 
a part of something corresponds to an essential aspect of living ‘’                                                                                    
(De Aquino, Tomás. ‘’Suma Teológica’’ Tomo I)

      ... When all part of a process that is transparent, they can understand and 
live in harmony with it ...

MUM: MULTIDIMENSIONAL URBAN MAPPING

MUSEUM WHERE MEMORY AND IMAGINATION INTENSIFY MUTUALLY 
WITH HUMAN BEINGS AS EVOLVED SUPPORT FOR THE APPROPRIATION 
OF SPACE MEET

RESPONSIVE CITIES: URBANISM IN THE EXPERIENCE AGE // DISCUSSING THE RESPONSIVE CITY



256

1. Introduction 

 “Art is a solution. It is the sign of culture and culture is what gives consolation 
for the certainty of chaos and the strength of the horror that has been happening 
for a very long time . Culture is an analgesic , not an anesthetic. Culture is what 
gives serenity to the disaster . “

(“West is just a fascinating Deceit “ , the Spanish novelist Perez Reverte for “La 
Nación”, Argentinian Newspaper)

2. Research background

The ancient cities were functional poly, modern movement from the city was 
divided into monofunctional areas and streets limited to mere mobility function. 
This reduced social contact, until May 68’’un group of urban activists influ-
enced by the French May revolution calls for the street several recreational and 
dedicated to pedestrians communication necessities; today in the city abound 
communications: engorged, while in the medieval city passed the opposite: the 
chances of interference were not avoided but exploited and biased.

 The characteristic disorder, the apparent casualness of the medieval squares de-
rived from the fact of being ambiguous spaces, that is not in the service of a sin-
gle or few avenues as they were later.  As public space is the image of our time, 
we resembles: the space of an individualistic society where limitations prevail 
over the places of freedom, increasingly specialized and less versatile space.

  ‘’The public spaces are the place of representation of a community. They are 
vehicles that community values contends, are the product of a collective effort.’’ 
(Katz, Pablo Arq. ‘’Public space: mirror of society , Reflections for Buenos Ai-
res’’) 

When we speak of landscape we talk about identity; the differences observed 
between some cities is explained by its historical cultural significance; The 
resulting landscape has to do with the transformation that exercised over the 
territory a particular cultural group. The way in which these transformations 
were generated indicates the identity characteristics.  Loneliness and isolation of 
today are the common denominators of violence that manifests our society, we 
need to return to our place as participants individuals an inclusive group, citing 
Marc Auge ‘’ The places and spaces intertwine, interpenetrate, the possibility of 
no place is never absent from any place whatsoever. The return to the place is 
the appeal of one who frequents places not. ‘’ 
Instead of always open spaces for the exchange as were formerly civic centers, 
squares, parks; the result is divided, enclosed or confined spaces

3. Justification

The city becomes more interesting the more it encourages its citizens to discov-
er their differences and variations on the homogeneity of tissue. ‘’ In a way that 
a possible strategy for generating new public spaces is the potential use of exist-
ing and happy accidents of the urban fabric, waiting for an aesthetic revelation.” 
(Fragment of  “The Humanization of Urban Space for Buenos Aires” , Arqui-
tects Bárbara Berson - Francisco Ladrón de Guevara - Federico Brancatella) 

Arouse emotions by spinning the history of the place has to do with ancestral 
routes that are a reflection of society. Build a personal journey, which is articula-
tor of these events to the daily lives of people where they can choose them with-
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out effort to enjoy and participate: creating networking events, avant-garde and 
essential in public space journeys. They could be organized through activities at 
the crossroads, they might even be marked by the minute conglomerates citizens 
by automatically updating data.  It would be the first step brewing citizen repre-
sentation from an interactive platform; 
 The points of view change every day creating the complexity of the city; men, 
from the particular argument of his life create their frame of reference, based on 
which they think and drive, generating daily a tour in the city. The premise is to 
reveal the dimension of public spaces defined in that way ...  ... ‘’ The sightlines 
are very important ‘’ [...] ‘’ If people do not see a space, not use it “, Gehl, Jan 
(‘’Humanization of urban space : the social life between buildings ‘’, 2006) 

...Contact with heritage sites would give them the chance to develop fully: 
                                                                                        a promising proposal for 
the future of cities.   A mix of people and activities in the same space provide 
stability, social cohesion and maturity. 

Relevance and objectives  • Discover new trails, which when tours, to recover 
the balance and harmony needed to live with quality; rehabilitating educational 
fields. The importance of the development of creativity favor the emergence of 
solutions that can be applied in other areas. ‘’ The foundation of our activities, 
which is the basis of life itself, tries to recover that innate curiosity and allows 
us to handle situations more levity. Anyway, enjoy and have fun at all times as 
children ‘’: “Art therapy a look at the internal mirror ‘’ Rambla Magazine, 2010.

• Analyze different goods for the purposes of its incorporation. 
• Establishing new variables to analyze the behavior of the inhabitants city, 
linked to land use, for social interaction in the public space of coexistence; rest, 
relaxation, silence and natural exchange between information carriers 

• Stimulate new ways of creation integrators scenarios, always readable for citi-
zens as a means to identify individually and collectively

4. Hypothesis

In a knowledge-based, innovation and intellectual capital model competitive-
ness factors are not purely economic, also they depend on the social balance and 
environmental quality, which ultimately are basic elements as essential verte-
bras of economic activity from the city.

Enviromental quality in a cultural way depends on “the value” of the goods 
from our environment that give the place identity.

To develop new ways of city analysis we need to investigate things that attract 
people and reinvent them so they can be developed in Public Space.

If we want to get along with a more responsive design we need to use tecnology 
to naturalize  naturalize what is really happening and stop being guided by for-
malisms : new variables and design needs (sensitive spaces)

Gather information automatically translated into images statistics of the most 
human needs, such as spontaneous cultural expression of the people and their 
way of linking. ‘’ The cultural experience begins with creative living, whose 
first manifestation is the game ‘’ [...] ‘’ Just from playing Winnicott says the per-
son can be creative. ‘’ Creativity is an essential part of the life experience of the 
identity of a person. 
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This needs generate calm and are as diverse and open to reinterpreted by de-
signers; if you have something that we all love for all will be beautiful and we 
will take care.

“The creative is considered as an area that exceed the space of the cult, could 
overcome restrictive practices, cultural goods and services, establishing more 
participatory and democratizing contexts “ 
Fragment of CULTURE AND TERRITORY . Creativity and heritage in the con-
text of social inclusion-exclusion. (Mónica Lacarrieu, 2014)

“The expression is a dimension and a fundamental human right and artistic ex-
pression a privileged way for all people and, in particular, who face situations 
of exclusion and vulnerability, develop that dimension and exercise that right, 
individually and collectively”: 
‘’Art for inclusion and social transformation ‘’ (third sector Observatory Biz-
caia, September 2012)

‘’Therefore, the wide variety of entities that currently work with and diversity, 
they struggle to understand and improve the potential of artistic work as a tool 
for change, inclusion and fulfillment of the individual: enhance the expressive-
ness are integrators , encourage creative skills and increase their transformative 
value through the connection between the inner worlds and the environment by 
providing innovative solutions to significant social problems and, among other 
things, it aims to promote interaction between different agents to generate alter-
native perspectives and spaces novel intervention:
‘’Third International Seminar on Inclusive Art’’ (Quebrajo Andrés Leal, peda-
gogue , Social Inclusion Educator and specialist , Madrid 2014)

5. Methodology

It is proposed to develop an interactive interface for understanding the complex-
ity of city dwellers by real-time survey (potential) tangible cultural heritage, 
intangible and natural, creating trails and attractions. 

Software prototype pilot constantly running expressing the minute bits of infor-
mation (minute by minute concentrations of creators nodes: the activities going 
on at that time, the number of people talking about it and participating) 

The areas with the highest values of activities would draw the main lines of con-
nection between the poles of greater citizen attraction: spaces stay, cultural, ed-
ucational, commercial, health facilities, transportation management, data related 
to projects financed and managed by public institutions and private, leisure and 
recreation. Also on transport, leisure and recreation sites managed by the com-
munity itself. As well as traffic, air quality, temperature and shadows. 

 Re-mean and revitalize the existing city offering synthetic and transparent im-
ages that communicate with people as they develop their ways of doing things, 
to feel, to vibrate; consciously making its essential role in urban living, encour-
aging the creation of strong ties in a context of learning more sensitive, saving 
physical and social barriers to strengthen the sense of belonging inclusive. 
‘’ Instead of separating, cover and contrast: live in drag, no longer as a space for 
violence, but as territory for the opportunity, community cohesion and inclu-
sion. ‘’ (Description of Felipe Uribe work for Medellin, newspaper La Nacion , 
June 2008)

Different scales needed to connect with the urban fabric, through assimilation, 
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overlapping georeferenced images multiply the possibilities of encounter and 
appropriation of space. 
The translation of these essential images in graphic and auditory musical fre-
quencies reveal the states of harmony of people with their daily routes and 
in relation to the rest of the environment. In this way also allow verified and 
amended the other variables in the process of reconfiguration, re meaning and 
reorganization of the city; increasing our quality of life. 
The speed with which the image penetrates the daily appeals to the emotions 
and perceptions, if each entity is revealed by its purity and essence, manages to 
influence our opinions and actions.

 Effective environmental image is able to convey emotional security to generate 
a harmonious relationship between the receiver and the outside world; instru-
ment revaluation and re significance with the foundation of the local memory; 
user stimulation in a protected environment that allows “inhata” ownership: de-
sign of an agenda based on georeferences: activities, uses and potential areas for 
development “knotting” to the agenda of the user with their usual daily tours. 
“You have to let everyone express according to their internal motivations (...) 
Follow your freedom. That is your art. “, Interview to deutch dancer Pina Baus-
ch.

“We are different active agents, with the duty and responsibility to create our 
own learning process and build our own knowledge.”, Vygostky Ideology

 6. Analysis and discussion

When gathered some of the information proposed before it would be intresting 
to compare and discuss to stablish complex variables
 • The recommendations of the UNESCO (United Nations Educational, Scien-
tific and Cultural Organization) for IUCD (Integration of culture in sustainable 
development) and inventories of heritage 

•Delors in his 1997 report to UNESCO develops the four pillars of education: ‘’ 
learning to know, learning to do, learning to live together, learning to be ‘’ 

7. Conclusions 

Participation design process are essential, so everyone can feel comfortable and 
well care for the city. On the other hand we are all changing and to be happy we 
must have the possibility of reconfiguring the routes. 

‘’ Urban strategies to increase diversity index are those that seek a balance be-
tween uses and urban functions from the definition of urban conditions. It is, 
among other objectives, to bring people to services and jobs, understanding that 
this is reduced, from the point of view of energy consumption this. ‘’ (Basic 
principles ‘ ‘ Analysis of Complexity of the City ‘’ Urban Ecology Agency of 
Barcelona)

The new variables try to reduce the consumption of the ‘’ potential energy and 
heating of the inhabitants of the cities ‘’, by awearing them to return breathing 
spaces so they can redirect it to more productive purposes.

The more aware of their own dignity, more actively want to participate increas-
ingly in social life and especially in the economy and politics with an active 
role when constructing knowledge and in turn as a tool to strengthen the same 
individual.
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Responsive such as the public creation awareness about care and commons di-
versity of citizenship through activities of leisure and cultural coexistence in the 
public space tangible and intangible.

Innovation projects that are thought from the human, to build social fabric 
which then will intertwine with the territory built. 
The identity of these is constructed by the uses naturally practiced in them, with 
communication as a key factor in the equation: are the open spaces of represen-
tation of a free community. 
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HAVE YOU EVER HAD THE OPPORTUNITY 
TO CO-CREATE YOUR CITY?

WHO HAS EVER LISTENED TO YOUR 
IDEAS AND COMPLAINS IN YOUR AREA?

HOW OFTEN HAS SOMEONE ASKED YOU FOR 
YOUR OPINION WHILE PLANNING THE URBAN 

AREA AROUND YOU?

URBAN SYNC is an mobile service for civic participation in 
urban development projects. Furthermore, we provide cities 
and citizens with an easy-to-use communication & information
tool. Citizens can get in touch with city administrations in a 
very direct way. Additionally, users are able to exchange ideas 
and discuss incidents in their vicinity in private groups. We 
provide cities with an incident ticketing service, which allows 
them to manage problems reported by citizens immediately. 
Another core feature of URBAN SYNC ist the mobile survey 
tool for urban developmentprojects. With URBAN SYNC we 
provide an innovative approach in order to collect data in a 
very early stage of an urban project. By using mobile 
technologies we aim to enlarge the reach and engage more 
people than common methods as well as to collect data with 
much higher quality and significance. Due to our expertise we 
are able to provide cities with a complete vision for further 
planning steps.

THE PROBLEM

Cities and citizens are disconnected in many ways. City 
administrations are hard to reach. Information exchange 
often seems to be difficult, inefficient, impersonal, 
complex etc. Also,
before starting an urban development project cities need 
to listen to their citizens. In many cases the visions and 
plans don’t meet the expectations of citizens, thus urban 
development projects fail. As participation processes 
already became an essential part of urban development 
projects, cities are aware of that issue. Data, such as 
wishes and expectations of citizens, are currently being 
collected through get-togethers, neighbourhood events, 
classical surveys and questionnaires. Unfortunately, the 
vast majority of such methods is inefficient, costly, 
time-consuming and doesn’t deliver proper output.

THE MARKET

Since we provide a multilingual and scalable mobile 
solution we target an international market. The city of 
Vienna currently runs 21 urban development projects 
and has shown a very strong interrest in our service. 
We are in advanced talks with city authorities. 
Additionally, the cities of Bolzano and Trieste in Italy 
expressed their strong interested in our solution. The 
list of cities interested in our service is getting longer 
and longer: Manchester (UK), Abu Dhabi (UAE), 
Vilnius (LIT), Berlin (GER), Christchurch (NZL), 
Timisoara (RUM), Guayaquil (ECU) and more. 
Aside of our main group of customers (cities) we plan 
to target urban planning agencies, private investors, 
companies, public spaces (i.e. airports, train 
stations).

RALPH REISINGER
Product design
Ralph gained a lot of experience while 
working for different architectural offices 
in Germany and Austria, where he was 
focused on social, sustainable and 
participatory architecture and urban 
design.

NICOLE FEINER
Product design
Nicole’s work focuses on connecting 
architecture, arts and strategies of 
urban development in a socio-cultural 
context. She is engaged in participative 
smart city concepts and developing art 
in public space.

DAVID CALAS
Project Management
As an architect and senior lecturer at 
the Technical University of Vienna David 
operates between the blurring 
boundaries of urban planning, 
architecture, art and politics.

MARKO HASCHEJ
Business development
Marko always seeks for innovative ideas 
and loves to combine them in order to 
find creative solutions for complex 
challenges. As a TEDx organiser Marko 
has a strong expertise is in the fields of 
online marketing, social media and 
event management.

MARKUS GROBAUER
Product development
Markus is our IT expert and product 
developer with strong mobile expertise. 
He has initiated and participated in lots 
of location based projects and has 
developed & designed backend and 
frontend solutions over 5 years.

URBAN SYNC - CITY YOURSELF   :::   INITIATED IN 2015  :::  APP LAUNCH BEGINNING OF SEPTEMBER  ::: CONTACTPERSON - DAVID CALAS - david@urbansync.net ::: +43 650 202 390 1
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Individual household connected to LAN - via Ethernet

Kitchen/loungeroom is re-appropriated into 

a community working space.

The product conveyor belt cycles through 

neighbourhoods creating offline & online zones. 

Users can connect wirelessly and trade outside 

the community. 

The product conveyor belt is comprised of logistics hubs 

where products can be ordered and delivered/sent. 

Data is collected and inputs/outputs are recorded.

Data is collected and inputs/outputs are recorded and 

displayed on the public monitors. Information that 

is filtered by the firewall is also displayed as an 

objective exposé of news and internet searches.

The remnant open cut mine is a nature reserve as a form 

of recreation and environmental rejuvenation. A network 

of VPN (virtual private network) towers are scattered for 

inter-regional connection. 

1.

1.

2.

2.

3.

3.
4.

4.

5.

5.

6.

6.

7.

7.

LOCAL AREA NETWORK
OFF-LINE

OPEN CUT MINE

GLOBAL AREA NETWORK
ON-LINE

L A N - C I T Y 
M A R T

TM LOCAL AREA 
NETWORK ECONOMIES

Tech Yann Ooi
Craig Douglas
Kyle Bush
Farah Dakkak 

Global marketplaces have a tendency to push the landscapes they use beyond their 
productive capacities, agglomerating into a large mass, forcing the local economy to 
rely on continual growth of one singular economy. As the relationships between the 
chains of supply and demand shift, industries are deemed inefficient, or are re-located 
to allow for continual further production. Communities, once supported and enriched 
by big business, are left neglected, with no transition or diverse economy to rely on.

In 2025, this local community located in South East Victoria, Australia live amongst 
the remnants of nearly a century of brown coal extraction and electricity generation for 
the states metropolitan. LAN( local area network) City Mart ™ sets up interconnected 
feedback loops of exchange, which ensure the activity of a local economy and 
responsiveness to the changing requirements of the community. The pockets of 
neighbourhood are taken offline and communication is conducted through a series of 
the Smart City Response – to surveillance and heterogeneity.  Locally self-sufficient 
neighbourhoods of diverse economic activities and forms of exchange can choose to 
be connected to the GAN ™ (global area network) if desired but not reliant and 
resilient from its existence.

The GAN ™ is the area for global exchange, the medium for immediate exchange 
between neighbourhoods through the conveyor belt but also the device for distribution 
into global markets. It’s the sushi train of recorded and captured data and exchange of 
goods exclusively for the global scale. Global exchange is contained to this firewalled 
network which is hype transparent in all of its negotiations. 

When respite is required the once exclusive brown coal open cut mine is the new 
nature, this VPN (virtual private network) offers an oasis of rejuvenation with 
recreational and environmental activities whilst being connected to the inter-regional 
communication network.

LAN City Mart ™, is a multi-formed network city of exchange and continually 
responsiveness to local demand and resilience with global fluctuation
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_ Accesso 1

_ Accesso 2

_ Accesso 3

_ Accesso 4

_ Accesso 5

_ Accesso 6

_ Accesso 7

Emitter

Seek

Forbid

Getaway

In order to help the designing process, the research aims to implement the field of 
applications of Grasshopper’s Boid Library, based on the needs of study and elabo-
ration of the conduct in question.
In particular, new functions are introduced: Getaway, Emitter, Forbid and Seek. 

/Appeal Chart 

I

H

F

E

D

B

C

A

7

2

1

2

3

G

4

5

5

Pavilion A
 
Topic: Patisserie 
 
Sq footage: 132.74 m2 

 
units: 2 
 
accessible: sì

Pavilion H 
 
Topic: BBQ 
 
Sq footage: 210,56 m2 

 
units: 3 
 
accessible: sì

Pavilion B 
 
Topic: Winery 
 
Sq footage: 51,37 m2 

 
units: 1 
 
accessible: no

Pavilion C 
 
Topic: Ice Cream 
 
Sq footage: 90,48 m2 

 
units: 1 
 
accessible: sì

Pavilion D 
 
Topic: Sandwiches 
 
Sq footage: 235,40 m2 

 
units: 2 
 
accessible: sì

Pavilion E
 
Topic: Fresh Fish 
 
Sq footage: 227,12 m2 

 
units: 3 
 
accessible: sì

Pavilion G 
 
Topic: Soup 

Sq footage: 88,13 m2 

 
units: 1 
 
accessible: sì

Pavilion I 
 
Topic: Pasta 
 
Sq footage: 59,45 m2 

 
units: 1 
 
accessible: no

Pavilion F 
 
Topic: Vegetarian food 
 
Sq footage: 146,49 m2 

 
units: 1 
 
accessible: sì

The Human Swarm
a tool to simulate pedestrian crossing and generate resulting morphologies
The Research pursued in this project is an experimentation within the International Com-
petition for architectural proposes held by Ac-Ca, concerning Berlin’s new Gourmet Street 
Food Festival. The aim of the contest was the design of a temporary culinary event in Berlin’s 
heart: Alexanderplatz, characterized by a strong connotation of Innovation and Research. 
Considering the focus to design a futuristic project in a light context, we decided to experiment 
with possible applications and developments in the architectural field of the mathematics 
theory of the Swarm Intelligence (S.I). Starting from an ideal project for Alexander Plats, we 
have created a tool to simulate pedestrian crossing in an urban area, useful to architectonic 
process.  This tool is meant to be a Grasshopper 3D plug-in (still in a beta phase), extending 
the work of Jan Pernecky’s tool “the Boid Library”. Finally, the result achieved consists of a 
three-step form finding process at both the urbanistic and the architectural level.

/Phase 1 uncontrolled crossing 

The Agents penetrate the urban space driven by the desire to exit. This is the first preparatory phase and serves 
as a model of study to establish with intelligence what the best location will be for the future pavilion.
Trying to simulate human behavior and preserving its infinite facets is practically impossible and probably use-
less. This is why the whole process is discretized and reduced to the study of crowd behavior.
To simulate crowd behaviors we embodied the agents with four different behavioral classes:

_ Basic Behaviours: true engine of the process, they contain the randomic decision as well
_ Motor Mimicry: they reproduce the motion of an other agent inside of a visual field
_ Stigmergic Propension: it modifies the behaviour depending on the environment’s informations
_ Get-away Desire: it represents the will to escape the Piazza and without it the experiment would be useless.

/Phase 2 directed flow  

Achieving a behavioral model from the first step, the second step takes place.
We introduce inside of the system different points of interest for the swarm that will conduct the process to the 
design of the masterplan in a new structured system and consequently become the pavilions themselves.

These points of interest (or Target) represent a Curiosity, which influences the normal crossing (P1), channeling 
the swarm with a force that otherwise it would not have.
Therefore, the system departs from the previous results in order to get closer to the targets. The uncontrolled 
space becomes a structured map of path, first core of the Masterplan.

/Phase 3 conditioned volumetric generation

Now that we have established the spatial thoroughfares, we stop worrying about the swarm and we focus on the 
volumetric definitions of the pavilions starting from the previous targets.
Everything concerning the free will is now extinct: the flows become simple points sliding along P2’s paths.

In the final step, thanks to the Emitter component and the S.I. logics, the targets will clone in minimum spatial 
units (Tetrahedrons) giving birth to volumes the bigger the higher  the number of visiting agents, in the examined 
period of time, will be. The volumes consist of a connection of tetrahedrons of whom we can control the dimen-
sions, the specific length of the sides and the propensity that keeps them closer to each other.

/The process applied to Berlin
 

 The area chosen for the culinary event it’s right behind Berlin’s Alexanderplatz, 
specifically the square beneath the Fernsehturm, between the tower and Spandauer 
street.

In order to simulate the Piazza’s crowd crossing it has been necessary to establish 
the Appeal’s Chart concerning each single access based on a previous urbanistic 
study. 
This is required so that the flow and the city context stay connected.

In the end the process gives birth to nine different geometries which will hosts the 
food stands. These geometries are consequently divided depending on two different 
shape approaches: the permeate units and the connection elements. 

This are the process’s results applied to three different 
configurations, contrasting for the number of agents and 
the entrances system

Iacopo Neri, The Human Swarm, 2015
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Embracing the theme of the adaptable 
city, our project proposes for the city of 
Molfetta a flexible system which can help 
the site realize its full potential. It designs 
a new waterfront, unified and compact, 
with a single action, a line, running through 
the entire site. But, at the same time, it is 
declined in different ways, paying attention 
to every specific need.  

It consists in equipping the waterfront with 
a single system made by metallic portals; 
therefore it is not a constructed object, but 
a light structure, which can be realized in an 
easy and less expensive way, without using 
more land, but trying to develop the existing. 
The base module is a square of 3,60x3,60m; 
its repetition forms the road, for bicycles and 
pedestrians; so they can have a dedicated 
space, separated from the cars, through the 
entire waterfront. 

The module can be equipped in several 
ways, first of all with wooden strips to 
protect the walk from sun and wind; but 
also nearby the main walk, it can duplicate 
the line and host little cafes and commercial 
activities, such as stalls. T

he pieces of furniture for the shops are 
incorporated inside the module. It can also 
be used for the facilities of the shores, such 
as locker rooms or cabins, toilets, and even a 
lifeguard tower. 

It can be customized by people, and used 
for instance on the occasion of the local 
religious celebration of the Madonna dei 
Martiri as a support for the traditional 
lightning. Where is needed the frame 
can also reach different heights, creating 

multiple levels, always wheelchair accessible, 
through ramps and elevators. 

We can divide the site in six thematic areas, 
three in the west part, three in the east one. 
Each one has specific resources to develop 
and problems to solve, so the project takes 
care of them in six different declination of 
the action. This ideal division and the system 
of the portals permit to realize the project in 
several phases, or singles interventions, in 
different moments. 

The six attractors are: 

- for the ex-Colonia, historically used 
for bathing during summer, a place for 
children and a public shore, to keep its 
vocation, but at the same time making it 
inhabited during the entire year through the 
sporting and recreational camp; 

- nearby the Inps building, a spacious 
square, which will provide characterization 
to the area, a public space for the many 
residential buildings of the surroundings, 
and a safe access to the bathing; 

- for the waterfront till the old town, 
poorly used by people, mainly crossed by 
cars, the real challenge is to make people 
stop by and spend time by the waterfront 
and not only go through it: so we provide a 
constructed wetland, able to treat and purify 
the water from the street, before pouring 
it into the sea, creating at the same time 
some pleasurable gardens, and three public 
pedestrian piers, with cafes and stalls; 

- a walk running just above the 
sheds of the shipyards, giving people the 

opportunity to observe the workers; the 
portal frame also infiltrates between the 
sheds, creating, besides the continuous 
walk, little cafes and recreational areas, and 
a museum of the shipyards, to protect the 
tradition, in the aim of making the yards 
cease to be an element of division and 
become the fulcrum of the day and nightlife 
of the area.

- next, in the vacant and abandoned 
area, an administration office for the 
reception of tourists, based inside a 
cylindrical structure made of our portal 
frames, and some recreational areas; 

- for Secca dei Pali, used only for 
particular events, such as circus shows, 
we provide pools and an artificial beach, 
to make it accessible during all the year. 
Moreover: a structure of terraced steps 
which can be used both as a trampoline 
but also as a point of view: of the bird nests 
inside the new harbor, of the fireworks of 
particular celebrations, and of the panorama 
of the old town.

Our main aim is to give the waterfront back 
to the citizens, making them live and inhabit 
the site, making the most of all the existing 
but not valorized resources. The entire area 
has to remain free, giving artisans and small 
business owners the possibility to open 
little commercial activities, using the system 
of stall provided by the project, without 
privatizing the land or the access to the 
sea. The spirit is to involve and educate the 
population in a process of self organization, 
self maintenance, and sharing of the 
waterfront.

HOLD THE LINE. A flexible tool for an adaptable city.
EUROPAN 13 winner. Molfetta, Italy.
Arcipelago - architettura collettiva. 
Nicola Dario Baldassarre, Pasquale Cipri, Salvatore Dentamaro, Nicoletta Faccitondo, Andrea Salvatore, Margherita Valente

The portals as seen from the sea

The pools of Secca dei Pali

The modular system

The line and the six attractors

The office for tourists The shipyards The main waterfront with the piers The belvedere square The shore of the ex - Colonia
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SENSORS
(onsite air quality measurement 
station, local sensors, mobile 
monitoring station) 

Vehicular count
Pedestrian count

Temperature
Air Humidity
Insolation
Precipitation
Air Pressure
Wind Speed

Grass Pollen 
Weed Pollen 
Tree Pollen 

Carbon Monoxide CO
Sulphur Dioxide SO2
Nitrogen Dioxide NO2
Fine Suspended Particles

 CONTROLER

Programming Unit

      PLC

Memory
CPU
Serial Port

ACTUATORS

Electrically powered motor for rotation

Electrically powered motor for cooling 

LED floodlight switch for ambient change 

LED spotlight switch for ambient change

OUTPUT

Rotation / Event and information

Light Emitting Rate - Pulsation / Caution

Adiabatic Cooling / Microclimatic condition

Light Colour / Ambient quality and information

Light Intensity / Ambient quality and information

INPUT

Traffic 

Meteorology

Outdoor Allergens 

Pollution

Measured from 
the environment
as individual parameters

Change of the 
environment and information display  

D/A

A/D

INTEGRATED TECHNICAL SYSTEM

Power Supply

signal
  motor

output

Actuator feedback loop

check

The redevelopment of 
Slavija Square in Belgrade 
by 4of7 Architecture

The project started as a winning entry at an open architectural 
competition and has gone through signi�cant changes in the 
later stages of the design process. The design intent was to create 
a new public space at the busy and derelict tra�c junction, 
currently underused by pedestrians. The given site is an impor-
tant intersection of city’s tra�c routes but arguably, throughout 
the city’s history, it has never been established as a successful 
public space, nor was it occupied by any buildings of architectural 
relevance. Interestingly, its identity may be perceived through 
changing intensities of many di�erent �ows of movement rather 
than through its physical structure and built form. At the same 
time, the existing heavy vehicular tra�c and pedestrian over-
crowding are principal contributors to the decaying image of the 
place and chief causes of the environmental degradation of the 
site. While it is true that city’s tra�c problems and environmental 
hazards could be truly remedied only as a part much larger plan-
ning initiative, this proposal is conceived as a dynamic and chang-
ing space, focused on the two speci�c goals: to create a new iden-
tity of the square; and to turn everyone’s attention to the less 
visible but palpable relationship between the built form and the 
environment.

The design is conceived as a new landmark, visible to drivers and 
passengers. The planned interventions consist of many elements. 
Rather than a single and central gesture (called for by the compe-
tition brief ), 88 rotating lampposts will be installed in the same 
zone. Their movement is planned according to the changing 
conditions of their immediate surroundings. The overall form is 
less important while the relations between proposed elements 
and their surroundings are central to the project.

The design proposal is not focused on a single and �nite built 
form; instead it relies on a speci�c behavioural model and a 
system put into motion upon receiving information from the 
surroundings. Successful collection of such data is a prerequisite 
for the operation of the model but it also stands for the very �rst 
phase of the implementation of the proposal. A number of di�er-
ent sensors, including people/vehicle counters, thermostats, 
barometers, hygrometers, heliometers and electrostatic precipi-
tators are to be strategically positioned across the square and its 
surroundings to collect real-time information and thus provide 
the context of the project.

The employed model may be used to register environmental 
conditions and process information to create visible e�ects 
within the given public space. The data consisting of vehicular 
and pedestrian numbers, temperature (°C), relative air humidity 
(%), insolation (W/m2) etc. is �rst gathered, then analysed and 
�nally used to determine the speed of rotation for each lamppost. 
The approach concentrates on overcoming the problem of insuf-
�cient contextual information provided in the design brief. 

Ground plan drawing, default set out and geometric relations between 88 lampposts. 

Revolving lampposts, moved by electrically powered actuators. 

Behavioural model output, 88 lamppost changing position during one hour cycle, according to environmental data. 

Representational model. Behavioural model. 
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SENSING URBAN MICROCLIMATES 

Maider Llaguno-Munitxa, PhD Researcher ETHZ
Biayna Bogosian, PhD Researcher USC

Year: 2015 - 2016
Location: University of Southern California

Our understanding of the relationship between city 
morphology, materiality and urban microclimate has 
been limited due to the lack of availability of urban 
microclimate data. In order to better understand the 
influence building geometries, trees, or topographical 
variations play in urban microclimates, it is necessary 
to utilize measuring techniques that gather higher 
spatial resolution urban environmental data than that 
of weather stations or static sensor networks. With 

this purpose, this research proposes to utilize acces-
sible low-cost technologies for environmental sens-
ing coupled to dynamic devices. A custom sensor 
kit to record temperature and CO2 concentrations, 
has been mounted to a bike for pedestrian level mi-
croclimate sensing. The same sensing kit has been 
coupled to an Unmanned Aerial Vehicle (UAV) for the 
vertical gradient profile measurements. Image pro-
cessing techniques and GIS data have been utilized 

to visualize the recorded measurements and to pa-
rameterize the urban properties (green areas, imper-
vious surfaces and building masses) around the ac-
quisition trajectories. The correlation of the acquired 
measurements and the urban parameters, show that 
maximum CO2 concentrations mainly peak in road 
intersections. Building masses and greenery also in-
fluence the distribution of pollutant concentrations 
both in the pedestrian level and in the vertical profiles.

Sensors

GPS

C

CO
2

Image-Based Data

Numeric Data

ArcGIS

Object based analysis

GIS based analysis

23.4
22.8

Neighborhood Scale Sensing

Building Scale Sensing

Collective Sensing Methods Collected data Data Analysis

Sensing Kit Integrated with a Helmet Sensing Kit Integrated with a UAV Workflow Diagram

350 PPM 400 PPM 450 PPM 500 PPM 550 PPM

15 C 20 C 25 C 30 C 35 C °  °  °  °  °

350 PPM 400 PPM 450 PPM 500 PPM 550 PPM

15 C 20 C 25 C 30 C 35 C °  °  °  °  °

Bicycle Sensing. Horizontal Atmospheric Variability Mapping

UAV Sensing. Vertical Atmospheric Variability Mapping

0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14
0

5

10

15

20

25

30

35

40

45

Temperature (T)

H
ei

gh
t (

m
)

0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14
0

5

10

15

20

25

30

35

40

45

Concentration (ppm)

H
ei

gh
t (

m
)

2                         2

0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14
0

5

10

15

20

25

30

35

40

45

Temperature (T)

H
ei

gh
t (

m
)

0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14
0

5

10

15

20

25

30

35

40

45

Concentration (ppm)

H
ei

gh
t (

m
)

2                         2

940

960

980

1000

1020

1040

PP
M

 

CO2 gradient USC campusTemperature gradient USC campus

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

x 10
4

400

420

440

460

480

500

520

wpW

0.95

1

1.05

1.1

1.15

x 104

wpN

TE
M

P 
C

1.1817

wpWwpN

x 10
4

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817
20

21

22

23

24

25

26

940

960

980

1000

1020

1040

PP
M

 

CO2 gradient USC campusTemperature gradient USC campus

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

x 10
4

400

420

440

460

480

500

520

wpW

0.95

1

1.05

1.1

1.15

x 104

wpN

TE
M

P 
C

1.1817

wpWwpN

x 10
4

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817
20

21

22

23

24

25

26

940

960

980

1000

1020

1040

PP
M

 

CO2 gradient USC campusTemperature gradient USC campus

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

x 10
4

400

420

440

460

480

500

520

wpW

0.95

1

1.05

1.1

1.15

x 104

wpN

TE
M

P 
C

1.1817

wpWwpN

x 10
4

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817
20

21

22

23

24

25

26

940

960

980

1000

1020

1040

PP
M

 

CO2 gradient USC campusTemperature gradient USC campus

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

x 10
4

400

420

440

460

480

500

520

wpW

0.95

1

1.05

1.1

1.15

x 104

wpN

TE
M

P 
C

1.1817

wpWwpN

x 10
4

3401.1

3401.2

3401.3

3401.4

3401.5

3401.6

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817

1.1817
20

21

22

23

24

25

26

Temperature gradient USC campus

CO2 gradient USC campus

#1 Watt Way and Childs Way Inter-
section on USC Campus

#2 Along W 34th St on USC Campus

#3 S Figueroa St and Jefferson Blvd 
Intersection (North East Corner of 
USC Campus)

University of Southern California Campus. Temperature and CO2 Concentration Mapping Using Bicycle and UAV
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110 Freeway
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