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Abstract

This dissertation proposes a methodology of collecting (i), processing (ii), and
communicating (iii) DIGITAL URBAN IMAGINARIES, as a digital model and tool for
citizen-centred urban design processes. The metrics presented in this doctoral
thesis allows measuring (iv) a dynamic baseline of how citizens perception
influences their decisions.

The first step of collecting (i) is developing the required quantitative data
structure as a baseline environment.

The second step of processing (ii) is developing the input framework for dynamic
and adaptive data, producing a networked system of interrelated evidence-
based content.

The third step of communication (iii) is developing the visualisation framework
for citizens, synthesising the generated data.

The fourth step of measuring (iv) is developing metrics for citizen design,
allowing for a better understanding of stakeholder reactions for the transfer-
and scalability of results: introducing a performance index for the methodology
developed.

Improved time-related and immersive visualisation and communication
technology permit an overall improvement in understanding urban
transformation processes by 80 percent of the general audience. Such a
communication method can affect a change in opinion by 35 to 50 percent.
DIGITAL URBAN IMAGINARIES' impact on human perception and its power to
mediate and improve exchange among citizens in urban transformation
processes is at the core of this dissertation.
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Kurzfassung

Diese Dissertation schldgt eine Methodik zum Sammeln (i), Verarbeiten (ii) und
Kommunizieren (iii) von DIGITALEN URBANEN IMAGINARIEN vor, als digitales
Modell und Werkzeug fur buUrgerzentrierte Stadtgestaltungsprozesse. Die
in dieser Dissertation vorgestellten Metriken ermoéglichen die Messung (iv)
eines dynamischen Ausgangswertes, wie die Wahrnehmung der Burger ihre
Entscheidungen beeinflusst.

Der erste Schritt des Sammelns (i) ist die Entwicklung der erforderlichen
quantitativen Datenstruktur als Ausgangswert.

Der zweite Schritt des Verarbeitens (ii) ist die Entwicklung des Eingabe-
Rahmenwerkes fir dynamische und adaptive Daten, die ein vernetztes System
von miteinander verbundenen faktenbasierten Inhalten erzeugen.

Der dritte Schritt des Kommunizierens (iii) ist die Entwicklung des
Visualisierungsrahmens, der die generierten Daten, fur die Burger,
zusammenfast.

Der vierte Schritt des Messens (iv) ist die Entwicklung von Metriken flr die
Burgergestaltung, die ein besseres Verstdndnis der Reaktionen der Stakeholder
fur die Transfer- und Skalierbarkeit der Ergebnisse ermodglichen: Einflhrung
eines Leistungsindexes fUr die entwickelte Methodik.

Verbesserte zeitbezogene und immersive Visualisierungs- und
Kommunikationstechnologien  ermdglichen  eine  Verbesserung  des
Verstdndnisses von urbanen Transformationsprozessen bis zu 80 Prozent des
allgemeinen Publikums. Eine solche Kommunikationsmethode kann einen
Meinungswandel von 35 bis 50 Prozent bewirken. Der Einfluss von DIGITALEN
URBANEN IMAGINARIEN auf die menschliche Wahrnehmung und ihre Kraft,
den Austausch zwischen Birgern in urbanen Transformationsprozessen zu
vermitteln und zu verbessern, steht im Mittelpunkt dieser Dissertation.
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Preface

Computer science and architecture are closely linked not only through
definitions such as "models” or "architecture” itself but also through the concept
of "design patterns”, which were first introduced by Christopher Alexander in his
book “"Notes on the Synthesis of Form" and adopted in software engineering by
the gang of four (Gamma et al. 1994) in 1994.

Further, the graphical user interface was conceptualised and developed within
the context of architecture itself, namely the framework of MIT's "Architecture
Machine Group". This group included thinkers such as Nicholas Negroponte and
Ivan Sutherland who worked on human-machine interaction, both mentored
by Steven Anson Coons (Fankhdnel 2020b). Coons, a computer scientist himself,
was a visionary in interactive computer graphics and the use of computers
as a design tool to support the engineer. Coons held the first class in CAD'! at
MIT? in 1959 - the first time the term CAD was used.? The "Architecture Machine

1n

Group's” primary interest lay in developing digital design and planning tools.
These tools were not concerned with the perception of architectural space or
its material nature, but with the design of media-technical chains of operation*
at the interface between physical and virtual space (Vrachliotis, 2018). In 1984,
William Gibson dubbed that interface the “cyberspace” (Rheingold 1992) and
had continued to gain currency through the notion of the “digital twin" (Grieves

and Vickers 2017).

The interface can be seen as a mediator between different digital frameworks,
whichinturn mediates aninterdisciplinary group of actors and practitioners. The
interface not only serves an intrinsic purpose by mediating between different
software frameworks but also serves to mediate between various stakeholders.
The interface concept is closely related to computer science, while the concept
of the mediator idea references citizen science, social science, psychology,
problem- and conflict solving, and citizen-centred design processes. However,
for purposes of this dissertation, the "interface” as the DIGITAL URBAN IMAGINARY
and the "mediator” as citizen-centred design process shall be considered as
almost equivalent, something in-between, the opposite of an oxymoron, maybe
a pleonasm. Looking to history for previous references, we could consider the
"Whole Earth Catalog” (Brand 1968), an "interface as mediator” between the
combination of tool and individualisation theory in the light of belief in progress
and optimism about technology (Vrachliotis 2018) - and which, as an initial
analogue version of a search engine, provided "access to tools". In the early
14th century, Raomon Llull completed the "Ars generalis ultima”, an analogue
interface for mediation that related a multitude of different combinations to
one another, in his case various philosophical contexts (Vega et al. 2018).

This dissertation will measure and provide an insight into how the mediation
of such digital interfaces can change human decisionmaking by engendering
evidence-based DIGITAL URBAN IMAGINARIES, illustrated by the example of
processesinthe contextofurban transformation, governance and policymaking.
To achieve the "interface as mediator”, we need to “collect, process, and
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" Computer-aided design

uses computers to aid in the
creation, modification, analysis,
or optimisation of a particular
design task, such as in the field of
architecture or urban planning.

2 Massachusetts Institute of
Technology, Department of
Mechanical Engineering

3 Course by Mario Carpo on the
13.12.2020 in the context of the "Theory
of Architecture 1" format from the
Institute of Architecture at the
University of Applied Arts in Vienna

4"Media" in this case is the
visualisation of computational
output, and “technical” is the
technology to be able to do so,
while "operation” is the necessary
interlinkage between both.



communicate” (CPC), which notions will be introduced in this dissertation.
Particular emphasis is made on "processing”. Since processing, in this case, is
not a linear sequence, but a simultaneous network and cross-referencing of
evidence from scientific knowledge (e.g. simulations), it permits the bridging of
disciplines and enables adequate communication. The goal of communication
is to evoke emotions and affect perception. The "image” is the medium/
interface to be communicated. Many of the qualities we consider specifically
human can be improved by evolving the way we see the world - by finding
and inventing new ways of seeing (Rheingold 1992), inventing or envisioning
the world. Kevin Lynch (1989) calls his new ways of seeing "Vorstellungsbilder”
(English: imaginations), Armando Silva (2006) introduced "imaginarios urbanos”
(English: urban imaginaries). In this dissertation, we call them DIGITAL URBAN
IMAGINARIES.
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1.

Introduction

1.1. RELEVANCE AND MOTIVATION

The main driver behind this dissertation is the process of rapid urbanisation.
Currently, a billion people live in conditions of a predominantly informal mode
of urbanisation (UN-HABITAT 2016). Urbanisation is characteristic of living
conditions for the vast majority of human beings today, for example, 81%°
of the Colombian (see figure 04) or 67%° of the South African (see figure 02)
population. The method of this dissertation investigates the use of technology
in collecting, processing, communicating and measuring 21st-century urban
phenomena and issues such as climate change, migration (emigration and
immigration), urban metabolism (energy demand, nutrition, food production
and management of resources), and rapid urbanisation (von Borries et al. 2019).
Improved technological capacities need to overcome "[...] laws administered
by municipalities that date from the colonial era” (Mamdani 1996) which “[..]
continued to serve as template for urban planning, land use regulation and
public housing provision [..]" (Pieterse et al. 2014). The (doctoral) research can
directly contribute to several aspects of UN Sustainable Development Goal 11
"Sustainable Cities and Communities” (United Nations 2015) through evidence-
based simulations and visualisations (see chapter 4.7.3.), forexample, in the fields
of air quality; participatory, integrated and sustainable human settlement
planning; transport systems; affordable housing; strengthening national and
regional development planning; and disaster risk management.

On the one hand, formal planning instruments fail to understand and manage
the scale and speed of transformation, resulting in the rapid development of
informal settlements and compromised habitats for over 60 percent of the
respective urban populations in the light of "[...] new ways of grasping the urban
world, its orders and its patterns, which are more complex than imagined
(Kalisch et al. 2016)." Conversely, digital processes have uncovered a potential
for addressing the failures of traditional planning frameworks to visualise the
complexity and dynamic of both contemporary urban environments and citizen
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agency urbanism. However, there are as yet no instruments (Girardin 2018) “[...]
which help planners sort the abundance of data, ideas and concepts available,
and turn them into practical tools” (Kalisch et al. 2016). We can conclude that
"we still believe in outdated models of urban development” and with that, it
follows that “"even in the context of the European city, the planning instruments
provided are barely functional anymore” (Falkeis 2017). Those outdated models,
therefore, create a situation where "the city today is perhaps more radical than
those operating within it. It computes unknown possibilities, conducts high-risk
experimentation, and telegraphs previously unknowable futures more quickly
and more completely than the raft of professionals tasked with its stewardship,
analysis or design” (Brillembourg et al. 2015).

Citizen-centred design processes and DIGITAL URBAN IMAGINARIES could be the
philosophy for tackling such 21st-century issues. Inspired by the field of “citizen
science", citizen-centred design processes and DIGITAL URBAN IMAGINARIES
represents a method via which we can expose human beings to multiple fields
and disciplines. These overlaps are intended to create understanding, insights,
and knowledge that we would not acquire in usual disciplinary processes. In the
spiritofVitruvius (Ten books on architecture (Rowland 1999)), ten areas of expertise
are anticipated in the fields (drawing, music, astronomy, medicine etc.) in which
an architect should be proficient for the benefit of his or her architectural work.
We should expand this expertise by the field of computational communication
technology and machine-readable languages - first to be able to understand
them and second to use such technologies in a meaningful and sustainable
way for the good of our ecosystem (Colman et al. 2018).

Within four years at the University of Applied Arts (Angewandte), Department
for Special Topics in Architecture Design (STARCH), this dissertation linked to
research in qualitative arts-production and media-theory to the quantitative
simulation of urban environments transformation processes. Simultaneously,
within four years at ETH Zurich's interdisciplinary Urban Research Incubator
(URI) embedded in the Institute of Science, Technology and Policy (ISTP), this
dissertation aggregated the work of a group of eight researchers. Together
with the Angewandte, it linked a variety of research lines from social science,
urban planning, architecture as well as lighting, software, and mechanical
engineering, from which this dissertations knowledge is also based on.

1.2. RESEARCH QUESTION AND STRATEGY

Research question:

Is it possible to apply a methodology of collecting, processing, and
communicating to measure whether DIGITAL URBAN IMAGINARIES of
urbanisation processes can shift the baselines of how citizens form percepts,
take decisions, and come by opinions?

The research strategy we selected comprised a multi-method qualitative
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component combined with a quantitative aspect to answer the research
question and additionally integrated actors from a range of disciplines. The
processincludesthe collection and generation of new sets of data, the processing
and combination of information, and the development of a communication
framework. We evaluated the method's effectiveness by considering the
technological improvements and measuring the impact in the baseline shifts
of the human percept. The final step addresses the aspect of policymaking with
local policymaking actors.

1.3. TERMS AND DEFINITIONS

The following sub-chapter introduces a standard glossary of the terminologies
most commonly used in this dissertation:

1.3.1. DIGITAL

Signals and data represented or displayed in digits (i.e. in steps and not in a
continuous or analogue fashion) are "digital”. Digitalisation is the conversion
of analogue signals and data into digital values (usually binary digits) (Digital
2010). In this dissertation, the word "digital” references, in particular, the use of
computers, their computational power, and their resulting aesthetics.

1.3.2. DIGITAL TWIN

For the purposes of this dissertation, a digital twin (DT) is a digital replica of
an urban structure and behaviour along with the associated interactive
connections. "These connections transmit information (status, usage or
analysis data, control commands etc.). Moreover, a DT can take different
forms depending on the level of detail, the degree of automation, and the
type of connections and information depicted. Thus, a DT can map various
states (structural and operational)” of a real urban environment over time. It
can represent an existing, currently realised (Wahbeh et al. 2020), imagined,
envisioned, destroyed, or past urban environment. In addition to static
elements such as buildings or vegetation, a DT can include dynamic elements
such as moving pedestrians, public and private transport, or weather, which
are both input by and the represent outcome of a digital model.

1.3.3. DIGITAL MODEL

In the Oxford English Dictionary alone, the word "model” (2021) has 55 entries
from various disciplines from architecture and music to mathematics and
biology. The digital model itself is closely linked to the digital twin. In this
dissertation, therefore, we mainly focus on and navigate between two
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aspects of the broad terminology of a "model”: first, a replica of something in
three dimensions (Model 2000), whereby we add the fourth dimension in our
definition to include the component of time and potential dynamic simulations
of urban environments (moving pedestrians, public and private transport
etc.); and second, “a system of postulates, data, and inferences presented as a
mathematical description of an entity or state of affairs”, which may be stored
in a computer (Model 2000). Digital modelling entails the technique for creating
digital models and combining them in a digital twin.

1.3.4. DIGITAL URBAN IMAGINARIES

A specific line in William Shakespeare's epic verse "Venus and Adonis": "All is
imaginary she doth prove" is particularly interesting. We can read this line in
two ways. Either that all that we see and experience is a form of imaginary, or
that imaginaries require some dimension of proving. The second interpretation
draws our attention to the evidence needed to verify whether imaginaries
are valid, which is especially significant if we add the word "digital” in front of
"imaginary”. The "digital” sphere could provide the evidence we need for the
existence of the imaginary. This dissertation considers both interpretations.

Nevertheless, the definition of an imaginary is that it can only exist in our
imagination or fantasy, having no real existence, not being real or actual
(Imaginary 2021). In mathematics, the word “imaginary” is used to describe
complex fictional units - imaginary numbers that enable equations without
real solutions to be solved (Imaginary 2000). The imaginary number equals
the complex number, which brings us again to a consideration of the "digital”
(Imaginary 2000). Armando Silva (2006) coupled the imaginary with the
"urban” in his "imaginarios urbanos” (Engl.: urban imaginaries) towards the
development of urbanism from the citizens. Through methods of “termporality
of citizens", “traces of citizens", and "routines of citizens" it allows to understand,
perceive and construct the "actual” city—a new way to approach the pressing
urban questions on a global, regional and local scale. In our case, we correlated
the urban imaginary with the digital and additionally to Silva's "actual” we

Ul

are envisioning the "future” "virtual” city. This method couples pictorial and

descriptive thinking with computational scale and power.

1.3.5. PERCEPT

A percept is necessary for the perception of a DIGITAL URBAN IMAGINARY.
Specifically, o percept is the consequence of an act of perception that results
in o new imaginary and is always related to the recipient’s unique background,
location and context (Percept 2021). In other words, a person who sees, hears,
or touches a DIGITAL URBAN IMAGINARY also interprets this imaginary, which
produces a new and unique imaginary in his or her mind.
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1.3.6. CITIZEN-CENTRED DESIGN PROCESSES

Citizen-centred design processes are inspired by the notion of citizen science. The
main component of citizen science is the scientific work (opinions, preferences,
observations, or data) undertaken by members of the general public with
different backgrounds, “often in collaboration with or under the direction of
professional scientists and scientific institutions” (Citizen Science 2021). A citizen
scientist is a "scientist whose work is characterised by a sense of responsibility
to serve the best interests of the wider community or a memiber of the general
public who engages in scientific work” (Citizen Scientist 2021). Citizen-centred
design processes are scaling the method of citizen science and the work of
citizen scientists to an urban level: not looking at one individual, but the public.

1.3.7. CYBERNETICS

The term cybernetics was coined by Norbert Wiener in 1948 and originates from
the Greek term of "kubernetes” (ancient greek: kUBepvATng (kubernétés) could
be translated as the "pilot of a boat" or a “steering man" (Cybernetics 2021).
And that is the chief focus of cybernetics: the knowledge of control systems,
communication, action, reaction, input, output, feedback, and iteration in living
organisms and machines (Cybernetics 2021). For example, an automatic pilot in
aeroplanes continually evaluates the flight situation and re-adjusts the aircraft
to suit the conditions: strong wind coming from the left, adjusting the rudder
and flaps to continue to fly straight, and so forth (see figure 01).

The impact and inspiration of cybernetics on architecture is also clearly visible.
Architecture groups such as "Archigram” invented the "Computer City" in 1964
and the "Instant City" in 1968. In 1964, Cedric Price liaised with Gordon Pask as
his cybernetic consultant and initiated the "Fun Palace”, a building which can
be continually re-programmed, re-configured, and re-designed. Price and
Pask began an exciting collaboration between the qualitative discipline of
architecture and the quantitative field of cybernetics. A combination of this
type went public in 1969 in the form of the exhibition “Cybernetic Serendipity”.
In this exhibition, the curator Jasia Reichardt correlated arts with computers.
Contributions to the exhibition ranged from topics such as combining
the computer and music to produce computer-generated compositions,
computer-programmed choreography, computer paintings, or the cybernetic
light tower, where light was used as a medium of communication. It included
significant thinkers of this time such as Norbert Wiener, Stafford Beer, Gordon
Pask (who, as mentioned earlier, collaborated with Cedric Price), all of whom
were “cyberneticians” with an interest in interaction with the arts.

1.3.8. SHIFTING BASELINE
For the purposes of this dissertation, the "baseline” shall be considered as the

starting point for comparisons (Baseline 2000) and in particular the baseline as
the starting point of citizens and their inscribed biases and beliefs as a result

17 INTRODUCTION

Soll-Wert Ist-Wert  Regler

|
Ka;llnan Ruderer

Steuermann

I strecke

Figure 01: Figure shows exemplarily
the cybernetic principle of the
"stearing man" as a controller of the
system, in this case, the captain of a
boat.
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of their environmental, social, and governmental (ESG) background. The aspect
of “shifting” indicates and is measured if the initial baseline can be or has been
modified.

In the epilogue chapter of this dissertation, the notion of “shifting baselines” is
also observed from another perspective, namely a climatic one.

1.3.9. INTERDISCIPLINARY

While speaking about the concept of the “interdisciplinary”, we have to
understand all the other "prefixes” that could apply to "disciplinary” -
predominantly inter-, trans- or multi-disciplinary. “Interdisciplinary” is the broad
terminology for collaboration among several disciplines. Multi-disciplinary
is a traditional working environment where numerous fields contribute to
a common problem or solution whilst having little interaction with each
other. Interdisciplinary includes a "mediator” who collects the various actors'
contributions and synthesises them for the problem or solution at hand. The
role of an architect could be an example of a “mediator”.

In contrast to multi-disciplinary environments, actors in interdisciplinary
processes collaborate among each other. Transdisciplinary is an integrated
approach in which all actors continuously engage with each other towards a
common problem or solution that is evolving and adapting. In this dissertation,
the glossary of the interdisciplinary approach is applied, with the DIGITAL URBAN
IMAGINARY taking the role of the mediator.
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Figure 02: Khayelitsha, Cape Town, South Africa
Source: Michael Walczak (2018)

Figure 03: Sarajevo, Bosnia and Herzegovina
Source: Michael Walczak (2019)

Figure 04: Bogotd, Colombia
Source: Michael Walczak (2020)






2.
Literature Review

The main research question of this dissertation is whether DIGITAL URBAN
IMAGINARIES of urbanisation processes can shift the baselines of how citizens
form percepts, take decisions, and come by opinions. The literature review
indicates the research gap and the reason why such a research question was
defined.

The first part of this literature review examines the notion of DIGITAL URBAN
IMAGINARIES. The digital model is the medium used to create DIGITAL URBAN
IMAGINARIESto potentiallyimpact citizen perceptsin decision- and policymaking
processes. The second part examines the notion of citizen-centred design
processes. The third part of this literature review introduces state-of-the-art
techniques that can potentially impact citizens' percepts. The literature review
on the assessment of the chosen methodology is further explained in chapter
3.3. The evaluated list of state-of-the-art tools is presented in the appendix (see
chapter 8.3.).
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2.1. DIGITALURBAN IMAGINARIES

Why did the dissertation choose to focus on the digital model as medium of the
DIGITAL URBAN IMAGINARY? Falkeis (20150) introduced the use of digital models
as the art-based “Notation Projects” (Falkeis 20150), which can describe a novel
perception of space and therefore could anticipate the unexpected. Carpo
(2017) points in his "Second Digital Turn” to the fact that three-dimensional
models have replaced text and images “as our tools of choice for the notation
and replication, representation and quantification of the physical world
around us: born verbal, than gone visual, knowledge can now be recorded
and transmitted in a new spatial format”. We should use images for all kinds of
reasons and tasks as long as we have eyes to see (Carpo 2017). Key advantages
are that such three-dimensional models “contain much more information than
any single planar projection of the same” (Carpo 2017). Three-dimensional (3D)
models can process complex and repetitive command structures (Schneider
and Fankhdnel 2020a). A 3D model can be exploited or experienced in countless
ways (Carpo 2017). Simultaneously, however, they offer possibilities for new
forms of representation and production as these will also most likely change
"the way we see almost everything, and represent and know the world around
us" (Carpo 2017). The whole idea of 3D on a computer is to create a realistic
simulation of the real world (Marinci¢ 2019). However, this does not necessarily
mean a photorealistic representation, since the more detailed a scenario
is, the more convincing it will be, but at the same time, it will be considered
less probable (Kohneman 2012) with less imagined and conceptual space for
observers. Still, the aspect of “realistic” will be considered by this dissertation
in conceptual terms. Representation techniques such as animation are rarely
attempted on personal computers but instead sent to render in "farms” that
combine thousands of powerful computers (Marincic¢ 2019). Yet, due to the rapid
development of GPU technology, such animation can in fact now be computed
ontoday's personal computers, even in real-time, which opens up vast potential
for applications. Compared to reductionistic techniques, the processing of
information and data, in this case, is considered complex. Hence, the purpose of
the communication is to reduce its complexity for the observer while grounding
its evidence on complexity. In short, we can say that the purpose of a model is
to reduce complexity and create new information (Marincic¢ 2019). The reduction
of complexity to benefit communication is particularly essential for us observers
if we are to understand the information, which further implications concerning
urban transformation processes are not yet fully exploited in current research
in terms of the chosen communication medium, level of detail or perspectives.

Today, the computer is both the technical instrument required to produce such
digital models and also - consequently - a creator of human imagination
(Weizenbaum 1978). In other words, a computer can generate a multitude of
simulations of the, in Paul Virilio's¢ term, "actual” reality, from which, for example,
a decisionmaker may draw conclusions. The only limitation is simply ourselves,
since "man is only able to create little that he has not previously created in the
imagination” (Weizenbaum 1978). A theory in the form of a computer program
is both a theory and - once input into and processed by a computer - a model
to which the theory is applied. The theory solves the task it explains. Strictly

22 LITERATURE REVIEW

chttp://www.ljudmila.org/scca/
urbanaria/txt/e/pvirilio.htm; accessed
11.02.2021



speaking, a theory cannot “solve” anything. But a model can, and therein lies
the sense of its statement (Weizenbaum 1978).

Such a synthesis of theory into models thus opens the possibility that "[...] the
basic numerical logic of the digital encouraged transfers, generalisation, and
conflations of tools” (Bottazzi 2020), which allows evidence and knowledge to be
applied on a much broader and impactful scale, such as to policymaking (Avrami
2019). Reality consists of a linear process bound to space, time, and location.
In comparison, the virtual or digital is a non-linear process, meaning that “[..]
space is no longer seen as static and fixed, as it had been since Descartes and
the Cartesian coordinate system, but as polymorphic, changeable, and flexible.
According to this view, space is relativistic, and time becomes an important
dimension in the experience of, for example, architecture. Movement, time, and
architecture influence and depend on each other in this virtual architecture”
(Fankhd&nel 20200).

Furthermore, we can apply cybernetic theory to the method of such adaptive
digital models, which affirm the concepts of control, automation, regulation,
and optimisation (Marinci¢ 2019). This allows the use of Wiener's legacy by relying
on feedback chains to automate and optimise the operation of the model
(Wiener 1948). During a discussion’ with Peter Eisenman, Greg Lynn pointed out
that a computer between the end of the 1980s and the beginning of the 1990s
would go through iterations at the same speed as a human would draft them.
For Lynn, that was an incredibly exciting moment. The Book "Archeology of the
Digital” edited by Lynn illustrates the particular interest in that specific human-
computer relationship in architecture, showcasing four projects by Frank Gehry,
Peter Eisenman, Chuck Hoberman, and Shoei Yoh. The computer can now go
through iterations faster than a human, which opens up different opportunities.
Nevertheless, this dissertation will not be a simple "black box" (Glanville 1988) in
cybernetic terms with a system "where the output of a machine is linked to its
input and compared against some intended performance measures (Marincic¢
2019)". It is a more dynamic system in which multiple quantitative inputs, as well
as qualitative stakeholder engagements, create numerous outputs.

The power of our imagination in the form of the imaginaries of the future is
immense. Imaginaries can not only show us how the future may look like but can
also fundamentally influence or even create it. For example, in the technological
discourse, "Moores Law" initiated in 1965 the trend of imaginations influencing
the future, which anticipated that the number of transistors on integrated
circuits doubles approximately every two years (Bridle 2020). Historically this
trend followed since technology firms have had a tradition of imagining the
future via the use of films as a medium. Apple Computers released a video
in 1987 imagining the year 2011 (see figure 05) where the tablet was invented
as a device for video communication, enabling digital assistants, or remote
teaching. Sun Microsystems released a video in 1994 imagining the year 2004
(see figure 06), which re-invented our vision of how the workspace of the
future would look. Governments also joined in: Chile's administration drafted
in the help of "cybernetician” Stafford Beer, and attempted to imagine how
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Figure 05: "Apple Knowledge
Navigator” film released 1987
imagining the year 2011.

Source: https://www.youtube.com/
watch?v=umJsITGzXd0&t=217s;
accessed 12.01.2021

“https://www.youtube.com/
watch?v=DUrAlLod--g; accessed
26.10.2020

Figure 06: "Starfire” film released
1994 imagining the year 2004 by sun
microsystems.

Source: https://www.youtube.com/
watch?v=w9OKcKisUrY&t=124s;
accessed 12.01.2021



computers could help run a country in future in the form of a decisionmaking
space called the "Opsroom"8 Imaginaries are also used in mathematical theory
to communicate to a broader audience, as an example, Mandelbrot (1967), used
the imaginary of the coastline to communicate his theory of fractals and self-
similar curves. These imaginations of a future gave the impetus to an entire
industry which strove to fulfil them, a scenario which is still valid today and
which shapes our lives.

In the following sub-chapters, the specific literature gaps are identified and
informed the definition of the research question.

2.11. DIGITAL MODEL

Model is a treacherous word. It denotes several realities with different
natures. They do not contradict each other; indeed they often overlap, but
according to Stachowiak (1973), we cannot combine them. A model can
denote 1. a representation (scaled architectural representation); 2. a reduction
(mathematical equation); and 3. a pragmatism (cybernetic usage) (Stachowiak
1973). In terms of the last definition, cybernetics has contributed massively to
the proliferation of diagrams globally, and probably no other science has relied
so much on advancing arguments via visual analogies. The (flow) charts that
are frequently used in cybernetics play an essential role in the production of
analogies. "Building a model” does not mean already materiallyimplementingit,
but only producing a hypothetical (or heuristic) "machine”, whose characteristic
is to include heterogeneous elements into the "machine” through recursion and
communication. The basic model of such a machine on which the most diverse
phenomena can still be cybernetically "grounded” is the control loop. Within the
visual argumentations of cybernetics, we can lay its diagram over all possible
images like a transparent foil. For example, "Cooking means rules: again, and
again the actual value must be checked, compared with the presented target
value and the correct control must be carried out. If the cook is not herself a
captain, she follows a "recipe” as a controller (Pias 2003)." In architecture, for
example, it is the computer that assists with the drawing during the design,
recalculates the statics, checks the costs, etc. Humans than fill in the gaps.

This literature review applies the terminology of cybernetics theory concerning
abstraction, forgetting, and its synthesis in the form of models: “The foundations
of such powers of abstraction or forgetting concerning concrete circumstances
and material complications are not due to any “false” or simplistic popularisation
but date back to the very beginnings of cybernetics which are, i.e., active,
purposeful, feedback, and predictive. It is precisely this neglect that drives the
productivity of a model, which in turn allows the application of always identical
models [..]. And that means that in the similarity of machines and organisms,
there is at the same time a radical dissimilarity (just as one uses wheels and not
legs on a train), but that this dissimilarity is at the same time utterly irrelevant
if and as long as one limits oneself to behavioural equivalents or models” (Pias
2003).
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In the case of this dissertation, the model will potentially be applied in a variety
of different contexts, fields, and professions ranging from spatial policies to
environmental measurements including wind, air-quality, and solar-radiation,
and lighting simulations. Such dissimilarities of the case studies and topics
focus on the testing of the durability, flexibility, replicability, and scalability of
the developed model. It forms the universal language of the dissertation.

Nevertheless, in order to answer the research question, a model needs to be
communicated before it can impact human perception. In communication
theory, human communication is a series of proposals to codify the world. So
why, we must ask, does one codify? To communicate with others - we code
to create order. The intention behind such structuring techniques is also the
intention behind informing. Thus, "informing” means changing, and “changing”
means doing something the way it should be (Flusser 1996). From the perspective
of Vilém Flusser, communication is always artificial (compared to animal
communication forms of birds, for example, which are not artificial). The main
reason for communication is to give meaning to life. If communication is always
artificial, we can produce communication with digital images, as potentially in
the case of this dissertations.

In order to communicate a digital model, it has to be translated into an
understandable language: a “digitalimage” (see chapter 2.1.). Forexample, radio
and television culture has only existed since the radio and television programs
have been collected and recorded. You only broadcast what you have been able
tokeep.Comparing forms of communication: the word communicates, the stone
conveys. In other words, long-term messages improve their chances of survival
if we reduce them to their bare essentials (the sketch is more appropriate than
the drawing) (Debray 2003). From the perspective of art, analogue elements are
present in digital art and digital aspects in analogue art. And that is precisely
what, for example, digital art does: it digitally represents analogue processes
of nature or creates analogue images from numbers. These digital images, the
basis of which is the number, are called artificial images, synthetic images of
the computer (Weibel 2019) - DIGITAL URBAN IMAGINARIES.

"Actual®” reality is not the ultimate goal of a digital image. It essentially seeks
to represent non-reality, realistically, with the interaction between soft- and
hardware's help - creating the image of a new "virtual®” reality, a new imaginary,
which might become "actual’ reality. Non-reality is the opposite of reality, but
is not in Paul Virilio's term "virtual® or "actual’ reality. Historically, Kevin Lynch
(1989) introduced the representation methods of a physical experience. The
age-old human desire to give tangible form to our experiences and fantasies
- the insatiable need to exercise our imagination, judgment, and thought in
worlds, situations, and characters that are different from those of our everyday
lives (Rheingold 1992). The digital image as one possible form of representation
combines the possibilities of painting (subjectivity, freedom, unreality) and
photography (objectivity, mechanics, reality) (Weibel 2019). Through video, and
animation in particular (creativity, technology, imagination), the digital image
even takes on a temporal aspect. We reconcile the reproduction and the fantasy
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in the digital image. We can realise the digital image in any medium (Weibel
2019), but as Pias (2003) stated above, the underlying model stays the same.

Peter Weibel (2019) suggests that scaling, layering, contour/texture, speed,
and perspective, have to be considered, as the core of a digital image's
aesthetic strategy. In order to understand what the digital images can provide
additionally to the commonly used methods, the following chapter will examine
these aspects from a literature point of view. Particular interest lies in scaling
and speed, which represent the aspect of animation and time. Among others,
we add the ability of real-time generation to the digital image strategy.

211.1. FROM SIMPLICITY TO COMPLEXITY

A static image can represent complex information, but it is only through
animation that we can transmit complex data and the impression of reality
over a series of images shown in time - it comes to suggest truth (Weibel 2019).
Film is truth in 24 frames per second, Jean-Luc Godard used to say (Rheingold
1992). Animation is a suitable medium for recording and analysing computer
output and data reduction and also for creating models for the presentation
and illustration of processes in architecture and urban planning (Weibel
2019). It can represent processes running parallel to each other. We can use
animation to create new visual phenomena. Olafur Eliasson (2019) came to
similar conclusions by stating that particular phenomena cannot be fully taken
in without movement and time: "Our ability to sense depth and understand
dimensions is intensified through (...) motion."

Continuing the study of Peter Weibel (2003), we can see two fundamental formal
principles for the visualisation of time and space. The method of simultaneity
developed by Etienne Jules Marey (see figure 07) and the practice of succession
comes from Eadweard J. Muybridge (see figure 08). Marey combined different
stages of movement side by side on one screen, showing different moments
simultaneously. However, Muybridge came remarkably close to current
animation techniques when he used images in a sequential manner. Various
phases of movement in succession are dissected in image sequences. His
method founded the three-dimensional art (area and time) of moving images.
If you break an action down into at least 16 phases (parts) in a second and then
perform them again within a second, they appear to the eye as a continuous
unit: we must first break up the movement into different individual images to
create the illusion of continuity later.

However, the first apparatus for artificial stroboscopic movement simulation
on a mechanical basis was constructed by Michael Faraday in 1829, the
"Faraday Discs"”, the first homopolar generator (see figure 09). Yet it took T. A.
Edison and his team, and many other inventors, especially Louis Aime Augustin
Le Prince (1842-1890), to invent the machine through which the Muybridge photo
sequences ran at a certain speed. This invention heralded the achievement
of graphic simulation and the two-dimensional illusion of movement: the
kinetoscope (movement viewer) (see figure 10).

Complex topics and "big data™ previously needed to be presented in a very
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Figure 07: Chronophotograph of a
pelican flight, around 1882 by Etienne-
Jules Marey.

Source: https://de.wikipedia.org/
wiki/Etienne-Jules_Marey#/media/
Datei:Marey_-_birds.jpg; accessed
1512.2020

Figure 08: Eadweard Muybridge “The
Horse in Motion", 1878.

Source: https://www.monopol-
magazin.de/eadweard-muybridge;
accessed 15.12.2020



abstract and reduced way to enable their analysis by a human. The creation
of specialists to understand and convert these topics was inevitable. This
abstraction is now obsolete with the advent of the methods of DIGITAL URBAN
IMAGINARIES since we can harness computational power to process, cross-
reference and visualise large amounts of data. We can "embrace” the complexity
(obstacle) as an opportunity (Zafiris 2019). No longer do we need stereotypical
models such as one expert for each problem, but instead, we gain and develop
understanding through a process of mediating various citizens with diverse
disciplines using DIGITAL URBAN IMAGINARIES.

Since any given task has certain boundary conditions and inputs and is reduced
to a product/goal through a process, the basic architecture/structure of this
described problem-solving approach remains the same within the DIGITAL
URBAN IMAGINARIES. It remains the same because until now, the development
of such technologies has been initiaoted based on humans' capabilities,
knowledge, and their specific training sets. And, at the same time, the general
field of computer science cannot yet perform fully autonomously since it
cannot yet set its own goals in a manner detached from any human input
(Socher 2019), and perhaps may never do so. However, in terms of the visibility
and transparency of the process, of a black (process not visible) or grey box
(process slightly visible) or a white and transparent box (process fully visible)
(Glanville 1988), the process can be vastly different. This model can change and
adapt depending on which input, which desired output, or which operation is
requested. A black box can become a transparent white box or the other way
around (Stalder 2019). DIGITAL URBAN IMAGINARIES propose performing such
assessments and even processing the complexity in real-time. It argues that
the algorithmic accessibility allows the complexity to be broken down - without
reducing the complexity. In other words, the user front end (graphical user
interface such as Windows or Mac OS) reduces information to the maximum of
what a human can perceive, but the back end (“invisible” computational power)
retains the highest possible level of complexity with no scaling. This reduction of
perceived information is crucial since we humans fall into apathy in the face of
too many emotions, worries, or issues (Eliasson 2020).

21.1.2. NON-SCALE AND TRANSFERABILITY

In digital imaging technology (Weibel 2019), scaling means the capability
to reduce or enlarge any object digitally, i.e. computational manipulation.
Through this “digitality”, the size of an object can be isolated from its natural
context and given any desired size and location, which means that the scale
is no longer critical (Weibel 2019), but can improve and unveil through multiple
viewing angles a new understanding of certain phenomena. Such a feature
can, for example, help in the field of criminology as “[...] the visualisation of crime
at different spatial and temporal scales is critical to both our understanding of
crime and our ability to devise ways to reduce it (Brantingham, Brantingham,
Song and Spicer 2018).

Furthermore, in digital aesthetics (Weibel 2019), a figure or an object is also
regularly decomposed, quasi automatically, into its contour (outline) and
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Figure 09: Historical unipolar
generator, so-called Faraday disc.
Source: https://de.wikipedia.org/
wiki/Unipolarmaschine#/media/
Datei:Faraday_disk_generator,jpg;
accessed 1512.2020

Figure 10: Kinetoscope.

Source: https://
todayinottawashistory.wordpress.
com/tag/kinetophone/; accessed
15.12.2020



its texture (surface). Once the item is dissected in this way, one can play
autonomously with these elements, similar to how one plays with size. Texture
no longer plays a role (Weibel 2019). Both aspects, the term which we coin "non-
scale” as well as Weibel's "decomposition” are necessary to de-contextualise,
transfer, scale and re-configure, for example, objects or technology, to other
contexts or locations, mainly while speaking about urban transformation
processes.

Peter Weibel (2019) introduced the terminology of the scale as one of the core
elements of the "digital”. Present-day computational power enables existing
urban settings to be documented and codified in the form of a "digital urban
twin". Whether you want to show one building, a whole city, an entire country, or
a continent has been irrelevant to the processing unit since the paradigm shift
from the central processing unit (CPU) to the graphical processing unit (GPU).
GPU technology allows a large numiber of processes of very low complexity to
be performed compared to CPU technology, which can perform a few complex
operations.Suchlarge-scalevisualisations could become a key elementinspatial
planning since they allow us to understand relationships and interdependencies
between buildings and humans in a broader context, which to date has been
impossible for reasons of size (Garber 2018). Iterative decision loops can be
made, for example, in current, and future planning policies and theirimpact on
the built environment can be computed on a countrywide scale and visualised
in a three-dimensional space (Walczak 2019). The ability to perform such large-
scale assessments can support the relevance and applicability of such DIGITAL
URBAN IMAGINARIES in the form of transferability, scalability, and replicability
into other contexts. Looking at such dimensions affects both quantitative and
qualitative insights.

21.1.3 QUANTITATIVE AND QUALITATIVE

Research findings point in a direction that neglects the overlap of quantitative
and qualitative methods. Natapov et al. (2017) state that “current methods used
inthe study of urban systems are based mostly on economic and transportation
demands and ignore human spatial cognition processes, like visual perception,
while cognition is an active player in the evolution and dynamics of urban
space.” Historically, the computer was mainly used for quantitative evaluations.
The Cambridge (England) Centre for Land Use and Built Form Studies, founded
in 1967, was inspired by Ivan Sutherland’s presentation on his Sketchpad and
used the computer to quantify the geometry of built form and plan layout
(Steadman 2016). In the 1960s, Constantinos Doxiadis was a pioneer in the
adoption of computers in regional planning and used computers for statistical
calculations™ The 1968 exhibition “Cybernetic Serendipity” curated by Jasia
Reichardt, shown at the Institute of Contemporary Arts, London, United
Kingdom (Reichardt 1968), can be seen as a first attempt to link or shift the
quantitative aspect of algorithms and computing with qualitative features.
In other words: computers were being used to make art and drawings.
Today, the metric recording of reality is widespread, whereby only that which
we can represent in numbers can be considered as “fact” - with a claim to
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almost sole methodical validity (Kommasch 2020). Baecker (2018) visualises
this phenomenon between the quantitative and the qualitative by using the
example of light and sound. We do not see the light (photon waves), but we
see all the objects that it illuminates. We do not hear the sound (short wave),
but we hear the tone that it makes audible. Another significant contribution
to architecture and urban planning perception is the research done by Kevin
Lynch. His "The image of the city” (Lynch 1989) describes the physical experience
and impact of urban elements on the perception of the layperson and the
professional. Lynch evaluates this experience through surveys and mapping,
representing a more qualitative approach. At this point, it is also essential to
mention Jan Gehl with his introduction of a qualitative analysis toolbox into
the urban jargon with the mechanics of analogue research such as on-site
counting, recording, tracing, tracking, photographing, forensics, strolls, and
keeping a diary should be acknowledged (Gehl & Svarre 2016). Gehl performs
such analyses on an exceptionally handcrafted small scale. Another attempt
at the overlap of quantitative and qualitative methods is the mentioned work
of Constantinos Doxiadis, who organised the complexity of urban phenomena
through the use of algorithms, computational data analysis, and visualisation.
As a result - in addition to the qualitative spatial visualisation - he visualised
quantitative measures in the field of architecture and urban planning such
as daily movement patterns of residents to work, leisure, and supply activities
(Theodosis 2017). Such methods require multi-dimensional representations in
order to depict all required information.

21.1.4.4D IMAGINARY IMMERSION

As one of Peter Weibel's (2019) digital image strategies (Weibel 2019),
"perspective” means that it is possible to choose any distinct viewpoint and any
distinct location from an eye-level perspective to a bird 's-eye view in digital
image technology. Weibel (2019) is considering another strategy, “layering”,
which means that it is possible to navigate and superimpose between various
objects displayed in digital image technology. These characteristics underline
our thesis of the "non-scale” (see chapter 2.1.1.2.) and the gain in understanding
while observing certain phenomena from different viewing angles with different
objects displayed.

The next level is, in the context of Dirk Baecker's (2018) society 1.0: Language,
society 2.0: font, society 3.0 letterpress, and society 4.0 electronic media, the
discourse of immersion and volumetric representation of interaction is the
extended version of society 4.0. By literally being immersed in the virtual space,
we can "[...] see the patterns unveiled when looking from various contexts and
perspectives” (Kalisch et al. 2016). Baecker (2018) also strengthens this hypothesis
by using technology to visualise social practice and its citizen relationships.
Through the use of technology within a context and purpose for which it was
not initially developed, it creates much more valuable and meaningful results.
An example is the use of game engine technology in architecture and urban
planning, which has already become very popular among architects because
the program environment is very close to that of standard Computer-Aided
Design (CAD) programs (Pedercini 2019). Such technology now allows us not only
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to look at one specificimage - as Mitchell introduces the “pictorial turn” which he
fixed in time - but virtual environments instead introduce multiple possibilities
that are unframed by any predefined conditions. Virtual space or cyberspace
is not an either/or, but a both-and-also (Rheingold 1992). For example, game
development tools allow us to wear multiple "hats” through the provision of
simulation, modelling, visualisation, and useful procedural generation tools
(Dimopoulos 2019).

21.1.5. UNFRAMED IMAGE

An image such as a printed photograph, a painting or a screen usually has a
frame. The frame is limiting the image to a particular surface. While using virtual
reality (VR), this limitation is no longer the case since we are fully immersed in
that specific image displayed. "VR [...] is, indeed, a very powerful new medium”
(Kaganskiy 2017). First ideas related to this technology date back to 1932's text
by filmmaker Rudolf Arnheim, who proposed an extension of spatial depth by
exhibiting his "Raumfilm” (English: “stereocinema”) (Arnheim 1932), which was
similar to a stereoscope and recorded two strips of film a couple of centimetres
away of each other and then exposed the left eye to the left film strip and the
right eye to the right film strip (Arnheim 1932). The power of immersing humans
in such virtual environments to enhance understanding is clear: “[..] using
Virtual Reality as a therapeutic tool [..], rel[ies] on VR simulations to perform a
kind of exposure therapy wherein patients are asked to confront a traumatic
experience or event in order to overcome it. The results have been remarkable
[..]" (Kaganskiy 2017). Such virtual multi-dimensional environments can even
serve to uncover evidence in investigating human rights violations by merging
data points into one platform (Weizman 2019). "Virtual Reality's true potential,
I believe, is that it allows us to experience radically different environments and
perspectives, and to challenge the dominant and habitual perceptual states
we've come to know and understand” (Kaganskiy 2017). VR lets us begin to
understand the content of the medium - even if it does not precisely represent
"actual” reality - by immersing us into a "virtual” reality world.

21.1.6. ART REPRESENTING ABSTRACTION

Starting with the representation of literature and rhetoric, the concept of
ekphrasis™ uses text and the reading of that text to evoke a described object
as vividly as possible: the spoken representation enables the recipient, as it
were, to have the described thing in front of his or her own eyes (Kaommasch
2020). In the 1930s, film theory measured the quality of a moving image by the
accuracy with which the film captured the representation of reality, the better
the copy, the higher the shot was rated (Vertov 1923). Yet even now, as with
film, computer-generated images are a construct of simulated reality that
we evaluate depending on their truthful representation (Niquille 2018). Human
perception and the ability to imagine non-realistic representations are different
nowadays compared to the pre-digital age. Non-reality can also be seen as
something abstract. Such abstraction can be a powerful tool to imagine the
improbable or the impossible as opposite to Dunne and Raby's (2013) 4-fold
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cones. Baecker (2018) or Ramon Liull (Vega et al. 2018), for example, use the
notion of abstraction and combine different "things, persons, and moments”
that initially are independent and have nothing to do with each other in a
way that they suddenly become dependent and have something as common
denominator. This allows for new insights such as cross-use of methods and
technologies in transcultural and interdisciplinary interaction, new ideas, and
unexpected solutions. As seen previously, immersive technology can be an
excellent medium for communicating in a human-compatible manner. At the
same time, immersive experiences could represent abstraction and imaginary
virtually while still evoking reality in human perception, as has been seen in
the use of such environments in the medication treatment of patients and the
exposure of our imagination to multiple scenarios.

21.1.7. FROM “HISTORICAL" PREDICTION/FORECASTING TO “REAL-
TIME" “WHAT IF" SCENARIOS/INFLUENCING

Firstly, a potential message in the form of a digital image can be produced
in real-time to receive immediate feedback (see figure 11). Only then does it
allow a constant modification of the, for example, animation sequences. The
constant modification provides immediate visual feedback of the results. We
can repeat it until we achieve the desired result. In other words, real-time
reduces the iteration time through a feedback loop (Weibel 2019).

Secondly, looking into current prediction or forecasting systems, it is difficult to
predict or shape the future, especially as far as human behaviour is concerned
(Bargh 2018). Reality - even built reality - is too multifaceted for there to be
only one correct view of things. If one accurate description exists, then so do
infinitely many (Kommasch 2020). Dunne and Raby (2013) with their idea of
"speculative everything” propose the following method in narrowing down
the scope of opportunities, starting from the present state to the “possible”’,
to the "plausible’, the "probable” and resulting into the "preferable”. Real-time
technologies could allow for such multiple scenarios with different boundary
conditions and parameters to be represented. To generate multiple solutions
requires an iterative selection process with the most optimal and appropriate
variance to be devised. Many forecasting models forecast incorrectly because
we base models on historical data. We cannot accommodate disruptions in
such models, which means that we cannot master phases of transformation
with recourse to past patterns of thinking and acting (Schneidewind 2018). More
data and information is not helping us resolve our current global issues in any
way since the world is outrunning us: it is becoming more chaotic, not least
due to climate change and changing patterns (Bridle 2020). Borrowing the term
"influencer” from social media, the future can be influenced by the proposed
“scenario™based models. What we see determines our actions, especially when
we passively watch, for example, TV or surf the web and pay little attention to
the messages the medium is displaying (Bargh 2018).

Since ancient times, populations have been laying down their most substantial
views and ideas in the form of works of art (Hegel 1835). As Friedrich von Borries
and Benjamin Kasten (2019) emphasise, without “Zukunftsbilder" (images
of the future), we can imagine neither a creative policy nor the role that civil
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society plays in such a system. Such discussions about multiple futures, in our
case urban futures, are also the institutional frame of this dissertation at the
Department for Special Topics in Architecture Design (STARCH) at the University
of Applied Arts Vienna. Otherwise, we lose the ability to change trajectory and
align ourselves with alternative goals and agendas. Comparing the impacts
of multiple scenarios allows us to understand the different interdependencies
and differences between these various solutions in the form of a white box - in
cybernetician terms. We do not need to rely on biased and/or prejudged and/
or predefined and/or incorrect techniques such as the "Google Translator”. We
base many such models on a machine learning technique known as, in this
specific case, "word embedding”, which are systems created by, for example,
software engineers, and that have a specific cultural background, including
associated biases and prejudgments, which is directly fed into such algorithmes.
As an example, the method of "word embedding teaches language by
giving machines numerous texts, such as Google News articles. The machine
processes them and creates links between words, which result from how
they are associated with one another. [To illustrate such prejudgments which
the machine learns, we can see, for example,] that kitchen has a stronger
relationship with the word “she" than "he" because it occurs more frequently
with the female pronoun in sentences” (Rozenberg 2019).

Another example is visualised by the exhibition and accompanying publication
of artist Trevor Paglen at the Barbican in London, which takes as its starting
point how we teach artificial intelligence networks "how to “see" and “perceive”
the world by taking a closer look at image datasets.” For example, if you want to
use technology to detect if somebody is smiling, you need a thousand images
of people smiling and not smiling, “teaching” the neural network to distinguish
between those two things for it than to classify other things based on these
images. "This dataset is archived and pre-selected in categories selected
by humans" (Paglen 2019). The people who build training sets rarely think
about which training categories we will use and what those images contain.
Depending on the person classifying the training set, hidden politics, biases, and
stereotypes may be rife in the result of the artificial intelligence (Paglen 2019).
Especially now with the “digitalisation” of our lives, it is hecessary to increase
the understanding of the impacts of these technologies that are being implied
in our everyday lives, since 84 percent of the western European population has
access to such information and knowledge (Artheau 2018). We need to develop
a “critical reading” of such technologies: it is crucial to understand who is
developing such methods and techniques, who fed what information in, and
the information the digital strategies learned from.

2.1.1.8. FROM MISUNDERSTANDING TO UNDERSTANDING

In many developing countries, there is a lack of data and/or fragmented
provision of data as well as a lack of tools and methods to understand the
available data (Schechtner 2017). "Only by identifying more comprehensive
ways to map [visualise], understand and engage urban real economies can the
momentum for infrastructure-led and environmentally sustainable economic
growth be maintained” (Simone 2014). However, raw data, do not convey any
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information - to generate knowledge and communication, they have to be
organised and put into a format that makes sense to the reader (Doyle et al.
2019), which is ultimately resulting into a knowledge society rather than an
information society (Falkeis 2015). As Olafur Eliasson (2020) puts it, “the language
to communicate the data matters.” The method of communication is critical in
the philosophy of DIGITAL URBAN IMAGINARIES in order to facilitate knowledge.
Itis not a question of showing quantitative numbers, rather qualitative images
- DIGITAL URBAN IMAGINARIES - powered by quantitative values in the back end.
Humans have a very visual perception, or at least have become very visual in
our modern society (Mitchell 2018), and understand things much better in three
dimensions (Beck 2019). We also need to be very careful in choosing how we
communicate and visualise information since there is evidence that the results
can vary drastically depending on how we visualise and share data (Walczak
2019). Methods such as VR (Virtual Reality) facilitate our human understanding
of cross-referenced parameters and their impacts onto the built environment
(Walczak 2019). This approach is also manifest in the exhibition "Knowledge in
Images - Information Design today” at the "Museum flUr Gestaltung Zurich”
which took place around the turn of the year 2019 to 2020: never before have
we exchanged as much information as we do today. Whether for visualising
big data, publishing journalistic findings, spatial orientation, or as material
to promote effective learning and teaching - information design explains the
most diverse content in the shortest time by combining a quantity of visual
material with few words (Janser 2019). Images have the power to simplify and
communicate complex facts and help us make decisions that are more well-
founded.

Conclusory, following research gap can be identified in the application of a
method, which we coin DIGITAL URBAN IMAGINARIES, particularly towards the
use of real-time visualisation technologies on a large geographical urban
extend, exploring the technological capabilities of dynamic time-related
objects to increase the observers understanding.

Furthermore - and more general - could be a reflection on the potential of this
novel methodology as a vehicle to reduce complexity for the observer and what
it entails on the necessary level of detail within the “Non-Scale” (see chapter
211.2.) hypothesis.
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2.2.CITIZEN-CENTRED DESIGN PROCESSES

From the literature point of view, the medium of the digital model and its
materialisation in the form of a digital image seem to be promising for DIGITAL
URBAN IMAGINARIES. It can contain a multitude of information spanning from
the ability to be trans-scalar to being trans-local. The following chapter will see
whether the literature indicates evidence if digital models can interact with
citizens.

2.2.1. FROM SPECIALISED TO GENERALISED

From an individual perspective, speaking of “citizen science”, citizen-centred
design processes means allowing yourself to be exposed to topics that you do
not cover within your profession. Through trial and error of computationally
simulating issues from other disciplines, it generates thinking, understanding,
and knowledge from that specific discipline. It allows more similar glossaries
to be used than are commonly found among experts. It enables us to explore
diverse methodologies. It allows us to make the “disciplinary boundaries and
barriers more porous”, which underlines the basic principle that we cannot
solve current "multifaceted problems from the perspective of a single discipline”
(Falkeis 2015b). Citizen-centred design processes allow for much more robust
citizen inclusion, engagement, and exchange with each other. Through a better
understanding of the other disciplines, the exchange among citizens can be
inclusive and fostered; suddenly, you understand a lighting designer, a wind
engineer, or a software developer (Falkeis 2015a). It enables us to broaden the
spectrum to include a variety of urban issues, which is essential if we are to take
a highly interlinked view. A specialist can fix one specific point in a network, but
we need to be able to oversee the whole system so we can consult a specialist
when one is needed. Knowing the whole network allows for complex evidence-
based decision making.

2.2.2. EVIDENCE-BASED DECISIONMAKING

From a global perspective, citizen-science and citizen-centred design processes
are allowing laypeople to understand complex phenomenon, stakeholders who
are not trained in a specific professional field are suddenly enabled to engage
in interactions such as a discussion between, for example, a city planner and a
choreographer (Falkeis 2015b). The status of a layperson itself warrants further
comment. Laypeople - citizens - are often the real experts in certain situations,
i.e. residents who have lived in a particular neighbourhood for many years and
therefore understand its dynamics much better than an expert observing this
specific neighbourhood for a shorter, fixed period. This interaction of those
familiar with the status quo and outside observers generates new "hybrid
ideas"”, the recombination of knowledge which results in more inclusive solutions,
innovations, and new instruments that can be interwoven into a discourse
around the very fabric of society (Falkeis 2015b). Such recombination logic had

34 LITERATURE REVIEW



already been introduced by Adam Smith in the "Wealth of Nations" in terms of
combining “the powers of the most distant and dissimilar objects” (Smith 1776).

For a decisionmaking process to be documented and archived, DIGITAL URBAN
IMAGINARIES can serve as a visual protocol in each decision step and phase.
Each phase has associated boundary conditions and parameters. Carmen
Sirianni and Jennifer Girourd (2012) subdivide a "good planning support
system [..]" related to "[..] alternative policy choices” into four categories. The
philosophy of citizen-centred design processes focuses on the fourth point
of “[..] instantaneously view[ing] the results graphically in the form of charts,
maps, and video/sound display that enhance citizen understanding”. The
concept thus not only allows participation in any process but also the initiation
of real and meaningful ideas. Here it is interesting to refer to Daniel Kohneman
(2012) and John Bargh (2018), who studied how we as humans make judgments
and decisions. Kahneman (2012) distinguishes our cognition into two systems,
System 1and System 2. All human assessments are automatically performed by
System 1, and one of the tasks of System 1is to determine whether any additional
input is required from System 2. Bargh (2018) refers to those two systems as the
unconscious and the conscious. For the purposes of this dissertation, System
1, the unconscious, refers to the DIGITAL URBAN IMAGINARIES; and System
2, the conscious, represents citizen-centred design processes in form of a
decisionmaking or policymaking process evoked by us as human actors.

2.2.3. INITIATION AND CO-DESIGN

Since the 1990s, there has been a visible trend of opening up formal planning
processes to a bigger number of participants (Healey 1992). Conversely, however,
communication between experts and non-specialists can prove to be difficult
during these exercises. Because of the visualisation tools used (architectural
drawings, plans, images, models), it is often impossible for laypeople to
imagine the future proposals (buildings, neighbourhoods, districts) sufficiently
precisely (Neuhaus et al. 2015). Only a minuscule proportion of dwellings for the
world population was designed by architects (1 percent) (Brillembourg et al.
2005), which gives an idea of proportionally how few people may understand
such described forms of representation. The broader audience generally does
not know what they might want since any proposal is usually just accepted,
an outcome that is not least due to the way in which such recommendations
are communicated (Walczak 2019). The will of political institutions and agencies
drives such participatory processes towards implementation, and exerting
influence over them is often challenging (Kubicek 2010). Thus, it is critical that
responsible and sustainable proposals are initiated so that local communities
can adopt them and help co-design, develop and execute their realisation.
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2.2.4. MAKING

"Painting with a mouse on the computer screen has a high entertainment value,
but [..] drawing a stroke with a pen is no different from drawing a stroke with
a mouse. The real challenge is to discover the intrinsic properties of the new
medium. To find out how the stroke you draw via computation is one you could
neverdraw, orevenimagine, without computation” (Maeda 2001). This paradigm
has remained unchanged up until today. When we look at architectural tools
described as "architectural aids”, they often just replicate analogue architectural
tools (Hanspal 2018). Stanislas Chaillou (2019) is achieving a shift away from this
with an initial approach that proposes a "generative adversarial network” to
aid the design of plan layouts for buildings. In today's information society and
data accessibility through network technology, the entry point into the field
of citizen-centred design processes is low and therefore accessible. Massive
online community platforms that are robust, that exchange knowledge, and
that support each other by debugging code are critical. Outstanding online
education through highly applied tutorials is essential. Such online platforms
allow each individual to customise and combine snippets of code for individual
projects and purposes (Gross et al. 2018). Through the process of initiation,
making, and combination, we are exposed to different disciplines and topics
and therefore learn from these fields in an interdisciplinary way.

2.2.5. INTERDISCIPLINARY AUTODIDACT

Citizen-centred design processes and DIGITAL URBAN IMAGINARIES are changing
the way we make decisions. Suddenly, laypeople and residents can apprehend
a complex urban phenomenon without actually understanding it. A layperson
can use and implement specialist knowledge (such as data collection with air
measurement devices which feed a more extensive database of air quality
across the whole world®) without actually having such knowledge themselves.
DIGITAL URBAN IMAGINARY technology could provide instant and iterative
feedback loops, trial and error, learning by doing and making.

Historically, Marvin Minsky, who founded the notion of “artificial intelligence”
in 1961, theorises this method as the problem-solving machine. In other words,
the machine solves problems by trial, error, and learning (Minsky 1961). Nicholas
Negroponte made an initial attempt at such a problem-solving machine in
1973 with "URBANS5", which enabled any layperson to become an architect with
the use of computers (Negroponte 1973).

We all use certain technologies without actually understanding how they
work, for example, a car and its engine. The improvement of understanding
has the capability to change, for example, politics drastically and maybe even
disruptively. When we vote for any political initiative, its mostly communicated
verbally or via text and thus does not fully communicate its intentions as
compared to, for example, immersive environments.

A "model" for a software engineer is a mathematical equation, whereas for an
architect, itis a "scaled physical representation of reality”. Learning the glossary,
the thinking, the methods - a sort of common platform of exchange - of the
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other discipline is key to interdisciplinary projects, and we can acquire this
through citizen-centred design processes.

2.2.6. INTERDISCIPLINARY AND SPECIALISED

We do not generate new knowledge within closed disciplines and professions
(von Borries et al. 2019); instead, it is generated through interdisciplinary
exchange and insights. At the same time, this exchange has to be applied on a
personal level for its insights to be properly understood. Thus, interdisciplinary
knowledge is the utility that emerges from communication, collaboration, and
working with multiple stakeholders: the ‘citizen-centred design processes”
methodology allows stakeholders to be activated at the most meaningful
moments, using the appropriate communication channels, within the process
of the task, project, etc. At the same time, the work itself is done by creating
a novel, interdisciplinary specialist in each case who - through the “citizen-
centred design processes” method - can metaphorically act as an "integrator”
in the whole process and holistically become a key figure in interdisciplinary
approaches.

Conclusory, following research gap can be identified in the application of a
method, which we coin “citizen-centred design processes”, particularly towards
the use of DIGITAL URBAN IMAGINARIES and their impact on human percept in
decision- and policymaking.

Furthermore - and more general - could be a reflection on the potential of
this novel methodology as a vehicle for a more inclusive communication
medium, regarding the understanding of complex and multifaceted urban
transformation processes.

2.3. DIGITAL URBAN IMAGINARIES THAT IMPACT
PERCEPT

Can DIGITAL URBAN IMAGINARIES impact citizen-centred design processes? In
other words, can they impact the baseline of human percept?

From the perspective of art and art production concerning perception, a
significant distinction needs to be made between the German notions of
"erfahren” (English: to experience in the sense of to hear about/to learn) and
“erleben” (English: to experience in the sense of to see/to witness) as well as
"handhaben” (English: to handle) and "wahrnehmen” (English: to perceive)
or "wahrhaben" (English: to believe) (Ries 2020). For example, if old image
techniques apply "differential logic”, i.e. they maintain the distinction between
image and reality, this distinction is absent in virtual environments, and the
observer is a co-actor within the simulation.

The key to perception is summarised well by Haefner: "As ophthalmic animals,
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we have always been used to capture any structures visually” (Weizenbaum et
al. 1990), because “to find words to what you have in front of your eyes - how
hard can that be" (Benjamin 1929).

Because of the absence of research on the impact of immersive experience
on perception, the review in the following paragraphs outlines some of the
evidence that suggests that more commonly used visual material (photo or
video) impacts perceptions.

Considerable research exists on the use of videos and their impact, especially
in marketing and education research. For instance, a 2012 review (Kay 2012)
found that video had a positive educational impact on the skills and test scores
of students and an advertising research review (Tellis 2009) confirmed the
correlation of sales elasticity with advertising spending.

Looking at the impact of negative perceptions, a meta-analysis of 72 research
articles looking at ways to decrease the stigma of mental iliness concluded that
educational interventions in the classroom and face-to-face contact or contact
through video had a positive impact on the reduction of stigma. However,
while both interventions had a positive effect, face-to-face contact was more
effective than video contact (Corrigan et al. 2012).

In another widely cited review of 985 papers or reports about interventions
aimed at reducing prejudices, Paluck & Green (2009) identified 107 randomised
field experiments.Amongthose experiments, they found 17 reading interventions
and 13 media interventions. Most of the studies did not measure any change
in behaviour but found suggestive positive evidence that attitude - measured
by surveys - was indeed impacted. They also found that narrative persuasion
(through media content) worked to create empathy, perspective-taking, and
communication of social nhorms.

Building on this literature, the hypothesis of this dissertation is that immersive
experiences of DIGITAL URBAN IMAGINARIES allow for effective communication
of information and should therefore be deemed an incredibly useful medium
for affecting perception. The underlying theory behind our belief is that an
immersive environment allows the communication of denser information
(sounds, visuals, voices, interactive charts etc.), which are thus more likely to
impact the person undergoing the immersive experience.

Social researchers have been using film and video for decades, but only recently
has video equipment become widely affordable and available, enabling
a broader audience to use these tools today. The most common research
approaches in social sciences using video and film are participatory video
(Wwhere research subjects are provided with video equipment to make their
experiences visible), videography (an ethnographic approach), repurposing of
existing videos (e.g. CCTV footage, YouTube), video-based fieldwork (to collect
naturally occurring data in the field), and the method used in this dissertation,
video-elicitation, a way of stimulating discussion or reflection in interviews and
surveys of focus group situations.

Key to elicitation methods is the use of a media material (video, photo) as a
stimulus for an interview, as "it aims to trigger responses and memories, and
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unveil participants' attitudes, views, beliefs, and meanings or to investigate
group dynamics” (Meo 2010). There is very little literature on video-elicitation
and, to the best of our knowledge, no literature on 360° video or immersive
elicitation methods. Nevertheless, there is a lot of research on photo-elicitation,
which is a well-established qualitative method.

The main advantages of using visual material in research have been presented
by Pain (2012) in a review of 109 research articles that make use of visual
material. He found the recurring advantages mentioned by researchers were
1) the "enrichment of data collection or presentation” and 2) the effect that
visual material had on “the relationship between participants and researchers”
(Pain 2012). We expect to strengthen both of these aspects by the use of
immersive media experience, which represents even denser data. Besides using
elicitation in empirical research, it may also be a useful tool in the context of
interdisciplinary research in the dialogue between researcher and policymaker.
Video eliciting “can also be used to provide a basis for reflection on practice and
continuing professional development”, as stated by Moss et al. (2007).

As physical medium to display visual material, until now, researchers have used
a "visualisation dome” (Gawlikowska et al. 2018) or a "fulldome™" (Department
of Digital Arts under Prof. Ruth Schnell at the University of Applied Arts Vienna).
Artists such as Jeffrey Shaw used an inflatable dome (1992) or a circular space
(1993) (Duguet et al. 1997). At the same time, Shaw started to think theoretically
about VR in 1992 (Shaw 1992) and envisaged immersing subjects into a virtual
environment to communicate certain aspects and phenomena. However, with
such techniques, the human eye is not fully occupied by the virtual environment,
but limited to the size of the projected surfaces (hot accounting, i.e. for ground
surface). Compared to, for example, VR, this "dome" requires a much longer
installation and transportation time. Still, it can accommodate multiple users
within one physical environment, which can be advantageous for participation
and interactions regarding standard decisionmaking processes (Hubner et al.
2018).

The visualisation dome (Gawlikowska et al. 2018) was evaluated in respect of
the perception change of the individual subjects, in this case, the acceptance
of offshore wind parks. The visualisation dome had a very insignificant impact.
VR as a medium is impacting multiple senses (such as sight, hearing, touch,
and movement) compared to the medium of the video which is affecting two
senses (sight and hearing) or the medium of the image which is just impacting
one sense (sight).

Several studies investigate the way in which information is experienced in an
immersive environment and the effects on the decisionmaker's perception
(Yilmaz et al. 2014). Yilmaz et al. (2014) asked non-expert users to find a target
building and to gather information about this building in an immersive
environment. The evaluation of the study included a time component (time
needed to complete this task) and memory-error component (participants
recalling the right information) in two different environment exploration
modes (passive and active exploration). The "Unity” game engine was used
in this study by Yilmaz et al. (2014) to manually import one selected building
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perimeter containing four building blocks and a terraced housing unit. To
better understand the environment, Yilmaoz et al. (2014) provided additional
orientation maps and graphics in the user interface. An interesting conclusion
was that the animated illustrations and charts about building information
were not helpful for the user and stood in the way of rapid understanding. Many
different studies used a similar approach to the evaluation, such as Wang (2017),
which looked at the elapsed time of task completion for his "Web3D Forest". Gygli
et al. (2013) assess visual material with the introduction of an initial approach
called the "interestingness of images”. The research introduces a set of central
aspects of visual interestingness such as unusualness and aesthetics including
colourfulness, arousal, complexity, and contrast from which an interestingness
predictor is built computationally (Gygli et al. 2013).

Conclusory, following research gap can be identified in the application of a
method, which uses immersive experiences instead of video or photo, we coin
the term "immersion elicitation”, can be applied in an interdisciplinary research
context, exploring the impact on the perception of citizens, policymakers and
practitioners when presented with research as an immersive experience.

Furthermore - and more general - could be a reflection on the potential of this

novel methodology as avehicle of dialogue and mediationin aninterdisciplinary
research process.
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3.
Research Strategy

In the subsequent chapters, the research question is defined and informed
by the literature review. The research locations are determined based on the
institutional setting of the Department for Special Topics in Architecture Design
at the University of Applied Arts Vienna (STARCH), the Urban Research Incubator
(URI) at the Institute of Science, Technology and Policy at the Swiss Federal
Institute of Technology in Zurich (ISTP), the Chair for Architecture and Urban
Design at the Swiss Federal Institute of Technology in Zurich (LUS), and the
Laboratory for Energy Conversion at the Swiss Federal Institute of Technology
in Zurich (LEC) in which this dissertation is embedded, and the chosen research
methodology is explained in detail.

3.1. RESEARCH QUESTION

After the evaluation of the state of the art literature and tools, the overarching
research plan of this dissertation focuses on the design of DIGITAL URBAN
IMAGINARIES (see chapter 1.3.) in the form of digital models (see Chapter 1.3.) of
urban transformation processes in three or four (time) dimensions, to measure
the shifting baseline in percept-formation and decisionmaking processes,
specific steps are required. To generate DIGITAL URBAN IMAGINARIES as well
as to measure shifting baselines using DIGITAL URBAN IMAGINARIES, the main
research question is as follows:

Research Question:

Is it possible to apply a methodology of collecting, processing, and
communicating to measure whether DIGITAL URBAN IMAGINARIES of
urbanisation processes can shift the baselines of how citizens and policymakers
form percepts, take decisions, and come by opinions?
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3.2. RESEARCH LOCATIONS

To test whether the method of collecting, processing, and communicating (CPC)
of urban transformation processes is useful in impacting human perception, we
chose the following case studies from different climatic, cultural, and geographic
regions with varying scales in population and build density (see figure 12 and
table 01). This trans-local selection of case studies allows the transferability and
scalability of the different methods to be tested in terms of the definition of
the digital model (see introductory chapter 1.3.). The selection of the case study
locations was amplified by the doctoral research context of the Department
for Special Topics in Architecture Design at the University of Applied Arts Vienna
(STARCH), the Urban Research Incubator (URI) at the Institute of Science,
Technology and Policy at the Swiss Federal Institute of Technology in Zurich
(ISTP), the Chair for Architecture and Urban Design at the Swiss Federal Institute
of Technology in Zurich (LUS), and the Laboratory for Energy Conversion at the
Swiss Federal Institute of Technology in Zurich (LEC). The case study of Lausanne,
Sarajevo and Bogotd show the development of the method of collecting,
processing and communicating, while the "measuring” study locations serve
as metrics and index in the change and impact in human percept to test and
measure the method of collecting, processing and communicating. The case
studies are listed according to their correct order indicated by the iterative
spiral model explained in the research methodology.

3.2.1. CPC: AGGLOMERATION OF LAUSANNE (CH)

This research chose Lausanne as the first case study since it is the fastest-
growing urban agglomeration and one of the biggest cities in Switzerland. It
has experienced a relative population growth of 17 percent over the last ten
years (2007-2017) (Swiss Federal Office for Statistics 2018). It is ranked fourth
compared to the population size of other Swiss cities (Swiss Federal Office for
Statistics 2018). Lausanne is situated in the Swiss canton of Vaud on the shores of
Lake Geneva. It is significant in that the current regulatory framework of the City
of Lausanne has only left itself resources for additional building volume until the
year 2022 - based on current migration trends (Marini et al. 2019). We can observe
that the canton of Vaud's regulatory frameworks for the built environment are
extraordinarily complex compared to other Swiss municipalities.

Furthermore, Lausanne and its agglomeration expect future growth of 100,000
inhabitants by 2030. Comparing total population growth between 2007 and
2017, it is apparent that the governmental bodies are extrapolating past
increase in a linear fashion up to the year 2030. In contrast to the official data,
Marini et al. (2019) identified a population growth of approx. 55000 by 2035
as the average of all three scenarios simulated in this study. We can observe
that the agglomeration of Lausanne is composed of 30 different communes,
including the City of Lausanne itself.

This initial (building) collection framework developed in the frame of this case
study was later transferred to the context of Bogotd and Cape Town and
extended with lighting visualisation capabilities. The study of the agglomeration
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Figure 12: Worldmap indicating all locations which we considered within
the frame of this dissertation. The different hatching shows the form

of engagement within these contexts: primary case studies, research/
workshop, exhibitions or conferences/lectures. Red lines are indicating
the transferability and scalability of the developed technology to other
contexts: 01 from Switzerland to Cape Town (see chapter 4.5.), 02a from
Cape Town to Bogotd (see chapter 4.6.), 02b from Bogotd to Bogotd, 03
from Bogotd back to Switzerland (see chapter 4.1.), 04 from Switzerland
to multiple locations (Serbia, Bosnia and Herzegovina, and Vienna), as
outlook locations 07 from Vienna to Canada and 08 from Vienna to
China.

Source: Michael Walczak (2021)
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of Lausanne included four research trips: April 18, 2018; April 25, 2018; June 27,
2018; and October 24, 2018.

3.2.2. CPC:CITY OF SARAJEVO (BiH)

This research chose the City of Sarajevo (see figure 03) as a case study since it
is one of the most polluted cities in the CEE (Central and Eastern Europe) region,
assessed by the most recent data (2018) by the World Health Organisation
(WHO).® Poor air quality is also amplified by weather inversions, a natural
phenomenon that results from Sarajevo's “basin” topography, among other
things. However, heavy individual traffic and domestic solid fuel stoves are the
main CO, emitters. Socialist-communists based Sarajevo's urban planning on
the General Urban Plan (GUP) - instrument of socialist-communist centralised
resources planning dating back to 1965 - and its revision in 1985, which is still in
power until today.

Moreover, modernistic dogma saow Sarajevo designed as a "functionalist
city": the division of the main functions into industry, recreation, housing, and
commerce; and traffic in-between. This model is highly outdated today and
one of the reasons for the current state of Sarajevo.

This dynamic processing framework developed in the frame of this case
study was later transferred to Bogotd, Toronto and Vienna and extended
with pedestrian and mobility visualisation capabilities. The study of Sarajevo
included four field research trips from: October 20, 2017 to October 26, 2017;
February 10, 2019 to February 14, 2019; May 6, 2020 to May 10, 2020; and May 16,
2020 to May 19, 2020.

3.2.3. CPC:CARACOLI NEIGHBORHOOD IN BOGOTA (COL)

Bogotd was chosen as the context for a third case study. Huge parts of cities
in the Global South may be informally built: 50 percent of Bogotd, for example,
is of informal origin (Herndndez-Garcia 2013). Herndndez-Garcia (2013)
characterises informal settlements by constant physical transformation. We
chose a 183-metre-long pedestrian street in Bogotd's Caracoli settlement as
the detailed area of observation. An 88-metre area of the road was lit by four
high-pressure sodium street lights (referred to as “formal” lighting), with the
remaining 95 metres lit by nine self-built luminaires installed by the residents
(referred to as "informal” lighting). The street begins at an altitude of 2,720
metres. The road ends at an altitude of 2,770 metres, resulting in a very steep
incline of over 35 percent. Official planning documents regard the majority
of the dwellings as illegal. The land classification categorises these illegal
buildings as high risk due to the threat of landslides. The improved visualisation
technology developed initially for the case study of Cape Town was applied and
extended with lighting visualisation capabilities in this context of Bogotd and
transferred to the context of Europe, namely Zurich and Vienna. The study of
Bogotd included two field research trips from: August 22, 2019 to September 13,
2019; and October 19, 2019 to October 26, 2019 as well as an online stakeholder
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engagement session on July 23, 2020 (see chapter 4.7.).

3.2.4. MEASURING: PJS SETTLEMENT IN CAPETOWN (SA)

The "measuring” study locations focus in particular on the evaluation of the
change in perception using DIGITAL URBAN IMAGINARY techniques. The first
case study to measure percept is Cape Town. Cape Town, South Africa, and
predominantlythe township neighbourhoodsincluding Khayelitsha, still struggle
with the legacy of apartheid. In this context, there is an assumed population of
no less than 400,000 inhabitants. High mast lighting is one of the remaining
"apartheid tools” and reminiscent of this historical period of segregation.
Nevertheless, even nowy, it still serves as a template for the implementation of
future lighting solutions in the informal settlement domain (Pieterse et al. 2014).
City officials perform lighting simulations to evaluate effectiveness, but on a
plane surface without considering the spatial conditions of informal settlements
(Mamdami 1996). This starting point results in inappropriate lighting which in
particular casts very dark shadows, illuminates roof surfaces with resulting light
pollution, and allows for very non-homogeneous lighting conditions, creating
high crime rates and fear. We chose this location to identify whether it is possible
to elicit lighting preferences from local citizens in the informal settlement and to
illustrate and communicate the issues mentioned to policymaking stakeholders
in Cape Town. The developed visualisation technology in the frame of this case
study was later transferred and scaled to the context of Bogotd. The study of
Cape Town (see chapter 4.6.) included two field research trips from: January 27,
2018 to February 9, 2018; and March 11, 2019 to March 24, 2019.

3.2.5. MEASURING: BOGOTA (COL)

The second case study to measure percept is Bogotd. Another important factor
of the City of Bogotd is the unprecedented share of gated communities at
almost 40 percent (Kostenwein 2021). Gated communities have restricted access,
controlled entrances and create barriers with no relationship and interaction
with the surrounding public space. This creates a worst-case scenario for
inclusive and safe public spaces (Kostenwein 2021). We chose the location in
order to establish whether it is possible to elicit the perception of the local
citizens towards gated communities and to measure the change in perception
if the current speed of development of gated communities is extrapolated into
the future. The study of Bogotd included a museum exhibition with the setting
for the survey and two field research trips from: August 22, 2019 to September 13,
2019; and October 19, 2019 to October 26, 2019 (see chapter 4.6.).
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3.2.6. TRANSFERABILITY:
SHANGHAI (CN)

VIENNA (AT), TORONTO (CA), AND

The well-described parameters and simulations for the primary case studies
and necessary research implementation steps of this dissertation are the topics
concerning lighting, densification, air-quality, wind, pedestrians, and mobility.
The cities Vienna, Toronto and Shanghai, are intended to show how the
methodology presented within this dissertation could be applied, transferred,
and scaled elsewhere. Furthermore, a different outlook on relevant aspects is
described and serves as an example of the flexibility of the method which we
introduced as a platform with this dissertation.

Vienna is one of the European cities that is most affected by global warming,
particularly in summer (Smid et al. 2019). An understanding of Vienna's cold
airstreams and wind corridors is therefore essential to be able to cool down
its urban heat. The city is already active in this respect through selective
interventions such as planting trees, green facades, reducing asphalt/sealed
surfaces, shade-giving measures, or water sources. Nevertheless, an integrated
large-scale city concept is as yet absent. Apart from such climatic simulations,
we chose Vienna in order to perform traffic simulations within a photorealistic
virtual environment (see chapter 4.1.) due to the access to homogenous urban
data and "GEMSIm" (Saprykin et al. 2019). Vienna is also characterised by
constant migratory influx mostly from central and eastern European countries.
While in 2020, approximately 41%'" of the Viennese population have a foreign
origin. As part of the "Society in Motion” program at the Department for Special
Topics in Architecture Design at the University of Applied Arts Vienna (STARCH),
which was mainly addressing the topic of migration in Vienna, the agent-based
population model embedded within “EnerPol” (Marini et al. 2019) was used to
perform different migratory scenarios (see figure 13). These simulation results
formed a DIGITAL URBAN IMAGINARY for further speculative interventions in the
city within the program.

We chose Toronto as a case study to theoretically imagine and test whether
we can apply the method presented within this dissertation to an extra large-
scale context, with a sufficient amount of data access but remote exposure
to the context. We focused primarily on Toronto's waterfront area. A script
automated the process to reconstruct a 3D digital twin of the whole city so that
various simulations could be performed using the Rhinoceros3D (Robert McNeel
& Associates 2017¢c), Grasshopper3D (Robert McNeel & Associates 2017b), EIK”,
atit®®, and Ladybug/Honeybee (Roudsari 2019b; 2019¢) frameworks (see figure
16). We rebuilt the digital twin using open source data from OpenStreetMaps
and official data provided by the city. Topics of interest included the study of
daylight/solar radiation concerning passive and active energy production,
shadow casting, wind exposure and corridors including potentials for wind
energy production, view analysis towards the lake, airport air corridors and its
noise pollution, and reflection from the water. The south-facing lake Ontario
is a hallmark of Toronto. This geographical characteristic allows for perfect
exposure to daylight, the reflection of light by the lake, and exposure to natural

48 RESEARCH STRATEGY

Figure 13: Accessibility through the
intuitive graphical web interface to
set parameters and run and display
EnerPol agent-based simulations. We
can access the output in the form of
2D maps and tabular data.

Source: Michael Walczak (2018)
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accessed 11.02.2021
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wind flows (see figure 17). Buildings with a less performative and less optimal
orientation could be compensated by building clusters and microgrids.

We chose Shanghai as a case study to theoretically imagine and test whether
we can apply the method presented within this dissertation to an extra-extra
large-scale context, with a minimal amount of open-source data access and
remote exposure to the context. We focused particularly on Shanghai's "Bund”
as well as "Pudong"” areas. A script automated the process to reconstruct a 3D
digital twin of the whole city so that a variety of simulations could be performed
using the Rhinoceros3D (Robert McNeel & Associates 2017c), Grasshopper3D
(Robert McNeel & Associates 2017b), EIk”, atit™®, and Ladybug/Honeybee (Roudsari
2019b; 2019¢) frameworks. We rebuilt the digital twin using open source data
from OpenStreetMaps. Topics of interest included referencing and reflecting on
the "active energy building” exhibition (see description below) as with the case
of Toronto.

By reflecting on the "falkeis?architects” exhibition at the Future Lab in the
Museum for Applied Arts in Vienna (MAK) (from June 6, 2018 until July 29, 2018)
and the AEDES Architecture Forum in Berlin (from August 24, 2018 until October
11, 2018) entitled "Active Buildings - Innovation for Architecture in Motion" (see
figure 14), we saw an example of how an observation of building clusters
(“active energy city") rather than individual units could compensate for less well-
oriented buildings and their shortcomings, and therefore create a much more
efficient decentralised system for energy production and planning. By energy
planning, we essentially mean the study of sun hours, shading, radiation, and
associated solar energy production. An essential factor is the understanding of
the city morphology and its building heights, street widths, building courtyards,
program, and public spaces in terms of the city's climate. The application of the
method presented by “falkeis?architects” in the exhibition to the scale of the
whole city as well as the technique presented in this dissertation was intended
to open a whole new dimension on how regulatory zoning policies could inform
energy-efficient city planning. In addition to Vienna, Toronto and Shanghai, this
reflection on the "active energy building” exhibition would also be applicable to
the "Collection”, "Processing"”, “Communication” and “Measuring” case studies of
this dissertation.
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Figure 14: Exhibition of
"falkeis?architects” at the AEDES
Architecture Forum in Berlin (from
24.08.18 until 11.10.18) titled "Active
Buildings - Innovation for Architecture
in Motion", the picture is showing the
3D printed model of the actual "active
energy building” as well as the urban
simulations in the background on
four screens.

Source: http://www.falkeis.com;
accessed: 22.01.2021



Case Studies

1. COLLECTING, PROCESSING AND

Model: Urban Informatics

Phase COMMUNICATING (CPC) 2.Cpe 3.cpC
Application of the methodology Application of the methodology | Application of the methodology

Study Title of collecting, processing and of collecting, processing and of collecting, processing and
communicating. communicating. communicating.

Case Study

Urban Scale

Policy Scale

Digital model

Medium

Communication to ...
(Stakeholders)

Urban transformation process

Quantitative/Qualitative

Dimension

Input

Output

Legend
Implemented

Potential future imple-
mentation

Table 01: Crossreferencing the case studies of this dissertation to the
general methodology of collecting, processing and communicating as
well as its reference to the digital model and its achieved develop-
ment status during the dissertation.
Source: Michael Walczak 2021
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Case Studies

4. MEASURING

4. MEASURING

5. TRANSFERABILITY/

5. TRANSFERABILITY/

5. TRANSFERABILITY/

appropriate lighting
solutions for informal
settlements?

51

urban transformation
processes?

Energy Department City of
Vienna

SCALABILITY SCALABILITY SCALABILITY
How can DIGITAL URBAN
IMAGINARIES aid decision How can DIGITAL URBAN
making in public lighting, IMAGINARIES elicit and
administering more change perception of Digital Twin Vienna Digital Twin Toronto Digital Twin Shanghai

City of Toronto, Deputy
Mayor

Tongji University, D&I

Building Innovation Lab,
falkeis?architects

Ryerson University,
Architectural Science

Building Innovation Lab,
falkeis?architects

University of Applied Arts
Vienna, Digitale Kunst

Building Innovation Lab,
falkeis?architects

Improve climatic response
of urban areas on a large-
scale

Improve climatic response
of urban areas on a large-
scale

Improve climatic response
of urban areas on a large-
scale




Time (z)

Figure 15: The graphic shows the iterative time-related spiral model
of collecting, processing, and communicating. It is the processual

2. Iteration 3. Iteration 4. Iteration

1. Iteration

Collection
i.e.: see chapter 4.3.

Processing
i.e.: see chapter 4.4.

Measuring
i.e.: percept
change

Communication
i.e.: dissemination
(conferences)

Collection
i.e.: see chapter 4.3.

Processing
i.e.: technological
framework

Measuring
i.e.: percept
change

Communication
i.e.: see chapter 4.5.

Collection
i.e.: citizen mapping,
see chapter 4.6.1.

Processing
i.e.: see chapter 4.4.
e, Measuring
’ le.: image
quality

Communication
i.e.: see chapter 4.5.

Collection
i.e.: literature review,
see chapter 2.

Processing
i.e.: technological
framework Measuring
i.e.:image
speed

Communication
i.e.. see chapter 4.5.

@ ' Exemplarily
feedback loop

x)

structure of this dissertation, which is including multiple time-related
iterations and feedback loops. The various gaps in the continues spiral
are indicating the moments of measuring.

Source: Michael Walczak (2020)
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3.3. METHODOLOGY

The orchestration of the research question requires evidence acquired through
data collection and for this data to be processed and interpreted, and the
message conveyed via o communication medium.

These three aspects - collecting, processing and communication - have
become the main pillars of the method to design DIGITAL URBAN IMAGINARIES.
We introduce them in the following chapter.

We will structure the methodology of this dissertation into “collection’,
“processing”, and “communication”. The literature suggests using the triadic
notion inspired by the “Turing machine” (Turing 1937) and a more extended
version of the "Theory U" by Claus Otto Scharmer (Schneidewind 2018). The
Turing machine is considered as one of the first abstract and theoretical models
to describe the notion of algorithms - even before computers were born - and
structures the digital process into reading, processing, and writing.

To achieve the defined research plan, we translated the glossary of Turing
and Schneidewind into our own. We translated the glossary of reading (Turing
1937), downloading, seeing, and sensing (Schneidewind 2018) into collection;
processing (Turing 1937) and “presencing” (Schneidewind 2018) into processing;
writing (Turing 1937), crystallising, prototyping, and performing (Schneidewind
2018) into communication.

The step of “collection” is mostly associated with the real world. The first step of
this dissertation implementation shows this aspect of “collection” by gathering,
for example, the built environment data. This step has the potential of involving
lay people in “citizen-centred design processes” terms.

The processing mostly concerns the digital twin, the DIGITAL URBAN IMAGINARY,
of the imagined real world. The second step of this dissertation implementation
shows the element of "processing” by aggregating, for example, climatic data
and correlating these with the built environment of the third step.

The communication primarily takes place through extended realities such as
virtual reality, and it also houses the aspect of visual decision support. The
third step of this dissertation implementation mainly focuses on the aspect
of "communication” of, for example, policies by using virtual reality techniques
using the first and second step as input. The audience can - in “citizen-centred
design processes” terms - be, for example, a broader local. To not rely only on
expert knowledge due to the opacity and incomprehensibility of natural and
human-made phenomena, communication nowadays is critical (Weizenbaum
et al. 1990).

We have now distinguished these three phases very clearly and linearly.
However, the treatment of information only through these steps is not enough.
In order to achieve meaningful results, this dissertation identified the necessity
of an iterative process. This is what distinguishes our triadic "machine” from the
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Turing and Schneidewind systems.

When we look at this proposed process from above, we can observe a simple
continuous circle with three phases. Tilting the view from a plan view to an
axonometric 3D view suddenly shows that the circle is instead a spiral with
many phases, iterations, and feedback loops (see figure 19). Such generation
does not begin in a linear fashion with collection and processing than resulting
in communication; instead, an iterative process around those three categories
is proposed.

We call our method the iterative time-related spiral model (see figure 15 and 19).
Historically, bringing multi-layered complex content consisting of interactions
into alinear form (e.g. into that of a text) has always been problematic. Oriental
thinking alternatively offers another approach in which problem and solution
are approached simultaneously at the outset. The processing phase moves
along a spiral, which already contains the complete solution at any given time
(McLuhan et al. 2008).

In our case, the length of the spiral represents the time component of the
process on the y-axis. Conversely, the negative value on the x-axis represents
the number of backward feedback loops, and the positive value on the x-axis
represents the number of forward feedback loops. The designation of negative
and positive is not a qualitative interpretation but instead indicates that the
negative aspect refers to an iteration of the process back to phases that have
already passed, while the positive connotes the process proceeding to the next
stages that have not yet been processed.

Another essential characteristic of the spiral modelis thatitis designed similarto
a "for-loop" in software-engineering terms. For each loop/iteration, the process
must undergo the phase of “collection”, “processing”, and “communication”. We
cannot skip any of these steps. The process can keep iterating in one phase (for
example, “collection”) as long as it is necessary, but once it has proceeded to

the next stage (for example, "processing”), it cannot merely iterate backwards.

Several iterations can follow each other. In case of a feedback loop, it has to
iterate back to the previous step within the preceding phase. For example, from
“communication” in iteration two, to “collection” in iteration one, if data has to
be re-collected because the "processing” and the “communication” identified
gaps and inconsistency (see dashed feedback loop in figure 15). This technique
assures the learning factor in the form of synthesis and reflection of each step.
The more iterations you make, the better the result gets.

In any given moment within the spiral model, we "measure” the performance
and status in the form of citizen-centred design processes and stakeholder
engagement, as a fourth step. We invite selected stakeholders ranging from
local citizens to specific disciplines to participate in a before and after study.
Citizens' initial baseline and the potential shift in the baseline are quantitatively
assessed through survey and elicitation techniques, and qualitatively through
interviews. The before and after comparison shall indicate if the participant's
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Figure 16: Large-scale solar radiation and sun exposure simulation of
the waterfront area in Toronto, Canada, as part of research at the
Department for Special Topics in Architecture Design (STARCH) at the
University of Applied Arts Vienna. The black dashed line indicates the
perimeter for the CFD wind simulation seen in figure 17.

Source: Michael Walczak (2020)
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Figure 17: Large-scale wind exposure
simulation of the waterfront

area in Toronto, Canada, using
Computational Fluid Dynamics (CFD)
frameworks, as part of research at
the Department for Special Topics in
Architecture Design (STARCH) at the
University of Applied Arts Vienna.
Source: Michael Walczak (2020)



percept and decisionmaking baseline has been shifted while being exposed to
this dissertation's methods. The baseline is the initial condition (for example,
cultural background, political position, living conditions, natural environment
etc.) in which the participant is, before undertaking any interaction with the
research of this dissertation.

Additionally, to the study of the shifting baseline, qualitative interviews and
workshops with local policymaking actors shall understand current policy
processes and examine the developed methodology's potentials to enhance
these decisionmaking processes.

The medium to materialise the DIGITAL URBAN IMAGINARY and its process of
collecting, processing, communicating, and measuring is the digital model.

The following specific DIGITAL URBAN IMAGINARIES shall exemplarily illustrate the
case study of Lausanne, Sarajevo and Bogotd within the threefold “collecting,
processing, and communicating” process. This process shall generate the
necessary methodological foundation to impact humans' percept. Each of the

Quantitative Policy

process steps is using DIGITAL URBAN IMAGINARY as a medium of understanding
and communication.

Step 4, the "measuring” study locations measure the impact of DIGITAL URBAN

IMAGINARY on human percept within the case study of Cape Town and Bogotd.
The DIGITAL URBAN IMAGINARY is being generated with the method of collecting,
processing and communicating.

The "transferability” cities' role is to test whether the developed method within Quaititative Case Study

this dissertation can be transferred and scaled to other contexts. A world map
(see figure 12) introduces and indicates each imaginary's location and its ~ 19ure 18 Stakeholder matrix
structured into four fields of

transferability, and scalability from/to other contexts within this dissertation.  quantitative, qualitative, policy and
case study, see chapter 4.6.1. for more
details.

Source: Michael Walczak (2021)

This will allow us to compare and relate chapters to each other.

Similarly, a stakeholder matrix (see figure 18) shall serve as comparison
index between imaginaries and chapters, to understand several interrelated
questions: which imaginaries had which impacts on which groups of
stakeholders (indicated with a red circle) within this dissertation’'s frame (see
figure 21, 50, 63, 69, 85 and 119). The matrix is structured into actors from the
quantitative-, qualitative-, and policy-field or case study related topics (see
chapter 4.6.1.).
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Figure 19: We can see the spiral (s) of Figure 15 as one component, as a
snippet of a more significant process including the element of time (t)

PhD snippet—

and multiple iterations (i) between multiple (s).

Source: Michael Walczak (2020)
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4.

Research Implementation
and Results

The first chapter of the implementation of research for this dissertation develops
the necessary technological framework for the generation of DIGITAL URBAN
IMAGINARIES in order to answer the defined research question. The second
chapter evaluates the technological framework in terms of its performance
and validity.

The main focus of the first step (i) is the collection of new sets of data. Such
data is raw, not processed, and does not yet supply any evidence. The second
step (ii) focuses on the processing of such data in order to be able to scale and
extrapolate collected data points to the size of a country. The third step (iii)
focuses in particular on how we can communicate such results and evidence to
make more well-founded decisions. The fourth step (iv) measures the impact of
the DIGITAL URBAN IMAGINARIES on the baseline of the human percept.

The seventh chapter uses 1. local actors for a qualitative evaluation of the
usefulness of the method (step 1to 4) for policymaking and 2. the contributions
of the method to the UN's sustainable development goals.

At the same time, this sequence is not a static process. We need to see the
seven chapters (chapter 1to 7) in the cybernetic sense of an iterative process.
For example, the processing step can create data that could be relevant for
collecting new data. Or: communication with stakeholders can generate
evidence on how different data need to be collected. Each of the four steps
(step 1to 4) generates a distinctive form of DIGITAL URBAN IMAGINARY. Each step
is described in more detail in the following chapters.
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4.1. CHAPTER 1: TECHNOLOGICAL FRAMEWORK
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To achieve the presented results as well as the method of collection (i),  Figure 20: Location and transferability
processing (ii), and communication (iii), we shall use the medium of the digital ;“Oﬂtrﬂz Lﬁiﬁg;’l"\},‘;ﬁ;ﬁk 2021)
model and DIGITAL URBAN IMAGINARIES (see chapter 2.11) as well as the

following technological components. By assessing the current landscape of

available tools for digital modelling (see chapter 8.3.), we can observe gaps

especially in terms of the use of dynamic 4D (three dimensions plus time)

modelling techniques as well as communication output in the form of virtual or

augmented reality (see chapter 4.1.). Augmented reality (AR) uses devices such

as glasses to extend human vision with additional information projected into

reality. In other words, it's the combination of the real environment and digital

data. In comparison, virtual reality (VR), is also the use of devices such as glasses Y —— oy
but the immersion is into a fully digital environment without the cross-link to
actual reality. Nevertheless, we shall not consider this assessment of the current
digital modelling landscape to be complete, but instead, it suggests a research

gap and points towards a direction and guidance for this dissertation.

The main technological component consists of the visualisation/communication
framework developed within multiple contexts (see figure 20). We structure

the framework into four categories, namely the techniques used to visualise/
Qualtitative Case Study

communicate, the objects visualised/communicated, the additional tools

Figure 21: Stakeholder matrix, see
chapter 3.3.
can expose the user to such visualisation/communication. We interlink all of  Source: Michael Walczak (2021)

which we can use within the framework, and the medium through which we

these elements with each other.
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4.1.1. TECHNIQUES

We run the simulations and visualisations on multiple (six) CPU cores (9th
Generation Intel(R) Core i7(R) CPU 9750H clocked at 2.6 GHz.) with 32GB of RAM.
The GPU-accelerated visualisation model runs on a single NVIDIA RTX 2070
with Max-Q Design and 8GB RAM. As a basic visualisation framework, we use
the Unreal Engine version 28 (Epic Games 2020). Such a game engine allows
for real-time rendering and ray-tracing features of virtual environments as
well as custom coding in the native C++ language. It enables visualisation of
moving, changing, and dynamic objects since we render everything in real-
time. In addition to game engine, we also used Rhinoceros3D (Robert McNeel
& Associates 2017¢) in conjunction with Grasshopper3D (Robert McNeel &
Associates 2017b).

UNREAL GAME ENGINE

Compared to other game engines such as Unity or CryEngine, the Unreal Game
Engine (see figure 22) affords particular advantages in terms of the overall
visualisation quality, including lighting and ray-tracing features. For further
explanation, see for instance, Kretzer and Walczak (2021).

REAL-TIME RAY TRACING

Nvidia RTX graphics card and technology enables the use of real-time ray tracing
to achieve adequate lighting and reflection results. For further explanation, see
for instance, Kretzer and Walczak (2021).

LIGHTING SIMULATION

The lighting framework that is built into the Unreal Engine (Epic Games 2020)
is applied to visualise the physical and dynamic characteristics of the light
within the dynamic environment. The framework allows for the use of three-
dimensional photometric data in the form of IES files for each luminaire. For
further explanation, see for instance, Kretzer and Walczak (2021).

RHINOCEROS3D/GRASSHOPPER3D

Avisual programming language (see figure 23) such as Grasshopper3D (Robert
McNeel & Associates 2017b) is more common in architectural and urban planning
discourse. As well as game engines, specific tasks require the computational
power of such visual programming language such as Grasshopper3D (Robert
McNeel & Associates 2017b). Grasshopper3D (Robert McNeel & Associates 2017b)
is embedded as plugin within Rhinoceros3D (Robert McNeel & Associates 2017¢).
In the case of this dissertation, Grasshopper3D (Robert McNeel & Associates
2017b) was primarily used for the development of the spatial policies framework.
For further explanation, see for instance, Walczak (2021a).
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Figure 22: The Unreal Engine allows
for Blueprint programming, a visual
programming language, similar to
the Rhinoceros3D/Grasshopper3D
framework.

Source: Michael Walczak (2020)

Figure 23: Grasshopper3D linked to
Rhinoceros3D, showing the "Empower
Shack” methodology.

Source: Michael Walczak (2018)



4.1.2. OBJECTS

We developed and custom-coded the following features within the game
engine environment and the scope of this dissertation. We structured the
visualisation/communication of objects into static and dynamic objects. Static
objects include buildings, topography, and spatial policies. Dynamic items
include the materialisation, traffic, pedestrians, densification processes, and
meteorological data.

STATIC BUILDING LOADER

We expanded the Unreal Engine (Epic Games 2020) with custom C++ code.
GDAL Library is used to be able to load all geo-located building footprints and
provide their respective numeric building floors. The multiplication of a given
floor height, such as 2.5m, extrudes the building footprints as generic building
heights with their number of storeys. Only 3D geometries are displayed within a
radius of 1km to optimise computation power (see figure 24). These geometries
update to the current user location every ten seconds. For a C++ code excerpt,
see chapter 8.10.

STATIC TOPOGRAPHY LOADER

Forthe static topography visualisation, we access the GeoTIFF raw data through
the NASA Shuttle Mission for the sample case of Bogotd. Within Q-GIS Version
3.4.8-Madeira (QGIS Development Team 2018), we use the QGis2Threejs plugin
to convert GeoTIFF data into the gltf format. "Aspose.3D" conversion® is used for
translation from the gltf to the stl format, which allows the topography to be
opened in Rhinoceros3D (Robert McNeel & Associates 2017¢) and translates the
format to the Unreal Engine (Epic Games 2020) readable format, fox.

STATIC SPATIAL POLICY FRAMEWORK (SPM)

Unlike all the other objects/components, this framework is built on the
Rhinoceros3D/Grasshopper3D (Robert McNeel & Associates 2017b; 2017¢c)
framework. It allows current building regulatory frameworks to be modelled
and simulated in an automated manner. This framework includes the feature
to automatically identify the commune and zone in which each specific building
lot is located so that the correct building regulation can be selected. This all
operates at a national scale.

DYNAMIC TRAFFIC

The data input to visualise public and private traffic is "GEMSIim". We can
find the descriptions of "GEMSIm" elsewhere (Saprykin et al. 2019). "GEMSIim"
provides binary data of hationwide agent-based traffic simulations at a one-
second resolution. A custom C++ parser allows the binary data to be read
and the time-frame and location for visualisation selected. "GEMSIim" data is
structured into two main components. The first is the network itself, comprising
the infrastructure in form of roads with all specifications such as lanes and
speed limits. Second, we have all the events, comprising all vehicles/agents with
specifications such as start and end time, start and end location coordinates
on the network. Custom C++ code allows the correct location in the network to
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Figure 24: Generation of 3D
topography including satellite
imagery and 3D building geometries,
in this case, Spreitenbach,
agglomeration of Zurich, Switzerland.
Source: Michael Walczak (2020)

" https://products.aspose.app/3d/
conversion/gltf-to-stl; accessed
19.03.2020

Video 01: Real-time traffic
visualisation using "GEMSIim" and
Vienna 3D data within Unreal Engine.
Source: Michael Walczak; https://www.
youtube.com/watch?v=19W-kmZ02yQ;
accessed 15.12.2020



be identified for the respective agent. Depending on further specifications such
as public or private traffic, we then apply random 3D vehicles to each visualised
"agent”. 3D vehicles are included in the materialisation with head and taillights
for night-time visualisation. Finally, a custom C++ code at a one-second
resolution than executes and launches the vehicles/agents in real-time for the
corresponding time-frame for each vehicle/agent (see video 01 and figure 39 -
42). For a C++ code excerpt, see figure 38.

DYNAMIC PEDESTRIANS

Although “[d]ue to their complexity, living beings were for a long time the
most difficult entities to model and animate” (Fankhd&nel 2020a), such complex
animation has now become more accessible thanks to recent development of
the graphics processor unit (GPU). Input for the pedestrian visualisation can be
either "GEMSIim" (Joubert 2020) or pathways in the form of splines or end and
start points. Additionally, we can adjust the walking speed. Each “agent” receives
a randomised 3D avatar that includes materialisation and “bones” to animate
body movements such as arms and legs. We can also use this fromework to
animate any geometry, including custom vehicles, objects etc. The framework
was developed within the Unreal Engine (Epic Games 2020) Blueprint visual
programming language. For an excerpt of the Blueprint code, see chapter 8.11.

DYNAMIC LIGHTING

We apply custom code for the incremental upgrading of luminaires and the
response of the luminaire in the form of sensors when, for example, pedestrians
pass such a sensor and turn the light on.

DYNAMIC DENSIFICATION PROCESSES

In terms of experiencing the growth of a settlement, the user can navigate
through the years by pressing a dedicated keyboard or controller button
when using, for example, VR. The respective year that we expose the user to is
displayed on the virtual "cockpit”, the graphical user interface (GUI). The whole
virtual environment is updated according to the chosen year, including correct
light and shadows.

DYNAMIC MATERIALISATION LOADER

Materials are applied randomly to the building form withinthe virtualimaginary.
The user can nevertheless specify if, in a particular year, a material change
occurred. We link the functionality of this feature to the "dynamic densification
process”.

DYNAMIC URBAN TRANSFORMATION PROCESSES

The"dynamicurbantransformation processes” featureis classifiedinto scenario-
thinking, focusing on the built environment, including the materialisation, street
network, public spaces, vegetation and satellite imagery. For the initial state of
an urban environment, we derive this information from geo-located data. For
future anticipated or imagined scenarios existing data can be manipulated or
completely new sets of data need to be generated with, for example, custom-
code in Q-GIS (QGIS Development Team 2017), Grasshopper3D (Robert McNeel &
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Associates 2017b) or Unreal Engine/C++ (Epic Games 2020). One scenario could
be, for example, the percentual distribution of the share in gated communities
in a city.

The respective scenario that we expose the user to is displayed on the virtual
“cockpit”, the graphical user interface (GUI). The whole virtual environment is
updated according to the chosen scenario, including correct light and shadows.

DYNAMIC METEOROLOGICAL DATA

Custom code, using the "MAT file I/O" C++ library allows access to MATLAB files in
order to read wind data for specific locations. We translate this wind data into
"real" wind which, for example, causes clouds to move or trees shake.

4.1.3.TOOLS

To be able to engage with a variety of citizens and receive perception-related
feedback (see figure 21), it was necessary to develop a three-dimensional
graphical user interface (3D-GUI) which can include a survey and questionnaire
framework within the game engine and the medium of VR (see figure 26).

SURVEYS/CITIZENS PREFERENCES

Each participant always received the survey questions both before the
visualisation/communication experience as well as directly afterwards. This
method allows quantitative measurement of the impact that the visualisation/
communication had on the perception of the participants. It is important
mentioning that the content shown and the survey questions were always
unrelated to the research question of changing perception so as not to bias
any response. To elicit preferences, the participants had to choose between two
scenarios repeatedly. We can define the number of scenarios depending on the
number of different solutions. If nine solutions exist, and we want to compare
each with the others, this would result in 36 choices with 72 images in total.
Mathematically, we can calculate this with the formula of permutations: P(n,r);

" n

where "n

" n

represents the number of scenarios and “r" the comparison sample,
or in other words, how many scenarios to compare at a time. The equation
would produce the total of images, which is divided by two to produce the
number of choices made by each participant: P(n,r)/2.

!

n
P(n,r) = —(n i

{a, b}{a, cHa, d}Ha, e}{a, f}{a, gHa, h}{a, i}
{b,a}{b, c}{b, d}{b, e}{b, f}{b, g}{b, h}{b, i}
{c, a}{c, b}Hc, d}Hc, e}c, fHc, gHce, h}Hc, 1}
{d,a}{d, b}{d, cHd, e}{d, fHd, g}{d, h}{d, i}
{e,a}{e, bHe, cHe, d}e, fHe, g}He hHe, i}
{f, a}{f, b}, S, dXf, eXf, g}f W3S, i}
{g,a}{g, b}y, c}g,d}Hg, e}y, fHg hHg, i}
{h, a}{h, b}{h, c}{h, d}{h, e}{h, f}{h, g}{h, i}
{ta} i, b} {i, 3 {i,d} {i, e} {i, F} {i, g} {i. h}
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Figure 25: CSV raw data generated
from the preference survey.
Source: Michael Walczak (2020)

Figure 26: A 3D graphical user
interface to display widgets such as
texts in VR.

Source: Michael Walczak (2020)



Custom code saves the choice per participant as an XML file (see figure 25),
including the time elapsed for each decision made. See chapter 4.6. for the
application of this method.

QUESTIONNAIRES

From a more qualitative perspective, questions in the form of a common
interview format were asked and answered directly after the visualisation/
communication experience (see figure 27). See chapter 4.6.

OPEN WORLD/PREDEFINED PATH

We can experience the visualisation either on the basis of a fixed or predefined
path or an open-world. The predefined path is similar to the "dynamic
pedestrians” visualisation framework as a geo-located spline needs to be input
along which we can guide the user and manage the speed of movement or
walking. In case of an open-world setting, the user can navigate either with a
standard gaming setting ("WASD" or arrows) or with, for example, the Oculus
Joysticks (Oculus Touch), while using VR. See chapter 4.6.

CUSTOM OBJECT TRACKING
Either the camera can follow the input of the user (open-world) as previously
described, or we need to define a path. Custom code also allows any objects
such as vehicles to be tracked from a first-person or third-person perspective.
The specific camera distance, angle, and position can be user-defined (see
video 02 and figure 45 - 48).

4.1.4. USERS/MEDIUM/INTERFACE

On the one hand, we have the participants who use or are exposed to the
visualisation/communication technology. On the other hand, we have the
medium/output of how we communicate the visualisation. This is done eitherin
the form of a print medium (such as posters, flyers, banners), Virtual Reality (VR),
front-of-screen (meaning simple monitors), videos, images, or an interactive
graphical user interface with free navigation and manipulation features.
Mindful of Hito Steyerl's (2020) thesis "images are power", particular emphasis is
directed towards the importance of the medium.

VIRTUAL REALITY

We can use any high and low-tech VR goggles as an immersive medium. In this
case, we opted for the Oculus Rift and Oculus Rift S goggles. The strength of VR
is that we can expose any stakeholder and/or policymaker to any environment
without actually being there, especially where settlements are not accessible,
too dangerous, or are subject to travel restrictions invoked by a pandemic
crisis. The digital, and with it VR, has gained a new plausibility as a result of the
COVID-19 pandemic.
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Figure 27: Survey interface within the
graphical user interface (GUI) of the
visualisation framework.

Source: Michael Walczak (2020)

Video 02: Real-time delivery vehicle
visualisation using "GEMSIim" and
Zurich 3D data within Unreal Engine.
Source: Michael Walczak;
https://www.youtube.com/
watch?v=eaXMmB4CAdI; accessed
15.12.2020
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Figure 28: Standalone software to install on any computer running
Windows operating system. The standalone software includes all the
elements described in the chapter 4.1. of this dissertation.

Source: Michael Walczak (2020)

FRONT-OF-SCREEN

Commonly used screens can serve as a medium to output the visualisation.
To mimic immersion, commonly used monitor hoods enable the masking of
screen surroundings. Such monitor hoods permit solely the virtual image to be
viewed as opposed to the additional context of the viewing device. In this way,
the observer is more strongly disconnected from the real world.

VIDEOS

We can record predefined paths with predefined walking speed and the
predefined viewing angle as a common video format output. At the same
time, there is also the option to not predefine the viewing angle and let the
user rotate around the predefined path, see the “stereo- and monoscopic
360-degree video and image recording” feature below.

IMAGES
As an alternative medium to the more interactive formats, it is also possible to
output high-resolution images for purposes of printing or still images.

GRAPHICAL USER INTERFACE (GUI)

The dynamic visualisation and survey/questionnaire features in particular,
require the user to be able to interact with/manipulate the visualisation in the
form of a graphical user interface (GUI) (see figure 29). For example, the year/
time in which the user is navigating can be changed, as can the navigation
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Figure 29: Custom graphical user
interface in the Unreal Game Engine
for user-generated parameter input.
Source: Michael Walczak (2018)



mode between walking, running, and flying, the selection of elements visualised,
launching of dynamic objects such as traffic and pedestrian motion, and/or
participating in the survey/questionnaire.

We have to translate the graphical elements into a 3D GUI to display such
widgets in VR. This requires the allocation of any interactive graphic feature into
a 3D location within the virtual environment. Widgets include, for example, an
orientation map, questionnaire forms, survey checkboxes, text elements.

STEREO- AND MONOSCOPIC 360-DEGREE VIDEO AND IMAGE RECORDING

In the context of pandemics and the resulting inaccessibility of countries, VR can
offersignificantsupportinthecommunicationofurbantransformationprocesses
to remote stakeholders and policymakers. Since VR requires computational
power, the pre-recording and re-rendering of such immersive environments
can be advantageous since we can share them via commonly used online video
and image platforms such as YouTube. We use the Unreal Engine version 28 (Epic
Games 2020) to be able to record 360-degree, three-dimensional videos. The
Unreal Engine (Epic Games 2020) has a built-in panoramic-capture framework
that allows mono- and stereoscopic 360-degree VR images to be executed via
console commands (see figure 30). Monoscopic 360-degree imagery consists of
a single flat image, projected on to a sphere around the viewer (see figure 43
and 44). Monoscopic VR is intended for 360-degree videos for which we do not
necessarily require a VR headset. Nevertheless, the standard format is to display
stereoscopic imagery, often in the top/bottom 3D format. The top image is the
left-eye view; the bottom image, the right-eye view. Such visualisation requires
a VR headset, which may be as low-tech as "Google Cardboard?”. To be able to
record video footage, a predefined motion path with speed, start and endpoint,
or moving objects is required. We have to set the fixed timestamp depending
on the selected number of frames per second (fps). Through custom code and
the "Panoramic Capture” framework, the image resolution, viewing direction,
specific number of images, and precise moment of recording can all be set. The
framework outputs single images depending on the fps chosen. Each image
requires a calculation time of approximately 120 seconds on multiple (six) CPU
cores (9th Generation Intel(R) Core i7(R) CPU 9750H clocked at 2.6 GHz.) with
32GB of RAM, a single NVIDIA RTX 2070 with Max-Q Design, and with 8GB RAM. A
movie clip of 60 seconds with an fps of 60 would result in 3600 single images and
would require a rendering time of 120 hours.

The "FFMPEG?" framework allows such images with predefined parameters
such as the fps to be assembled into commonly used video formats. “FFMPEG"
is accessible through "Windows Command” or "MacOS Terminal”.

Before being able to upload the footage to a video web platform, the “Spatial
Media Metadata Injector??” needs to be run to add metadata to the video file.
The web platform can then directly identify the correct specifications such as
stereoscopic top/bottom image or the 360-degree feature.
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Figure 30: Stereoscopic visualisation
to experience VR in low-tech
cardboard goggles with a
smartphone.

Source: Michael Walczak (2020)

D https://arvr.google.com/cardboard/;
accessed 09.02.2021

Thttps://ffmpeg.org; accessed
09.02.2021

2 https://github.com/google/spatial-
media/releases; accessed 09.02.2021



4.2. CHAPTER 2: EVALUATION OF TECHNOLOGICAL
FRAMEWORK

We chose several techniques to evaluate the technological framework
developed within this dissertation:

(4.21) a pixel comparison using real photography against the simulated
virtual world;

(4.2.2) avisualisation speed improvement using binary data structures; and
(4.2.3) a paradigm shift from CPU- to GPU-based architecture enabling real-
time ray-tracing techniques.

The computational specifications described in chapter 4.1.1. were compared
against multiple (six) CPU cores (Intel(R) Core i7(R) CPU 4960X clocked at 3.6 GHz)
with 32GB of RAM, and a single NVIDIA GTX TITAN BLACK 2070 with 6GB RAM.

4.2.1. PIXEL AND VISUAL COMPARISON

This research compared the VR scenes to photographs taken during the night
in the location of the case studies to measure the accuracy of the images
produced. How to capture reality as neutrally as possible and how to align the
perspective distortion to align with the perspective chosen in the VR scene are
questions in themselves. This approximation is chosen in order to understand
whetherthe visual direction and representation of the VR scenes are meaningful.
It is determining whether the data-driven positioning of the, for example, high
mast lights is approximate to reality.

With a ten percent tolerance of the pixel colour in RGB (red, green, and blue)
code, i.e. a red ratio of 185 would be tolerance from 175.75 to 194.25, the
difference between the photography of reality and the simulated VR scene is 25
percent. If the research primarily focuses on the emitted light and its position,
the simulation reaches a high accuracy. The mismatch between reality and
simulation is often due to the uneven ground surface, differences in building
fagade textures, temporary objects like a trash container, and the accuracy
between the light position and the building footprints (see figure 32).

4.2.2. FROM XML TO BINARY

To improve the overall computational efficiency, in particular, to import
data related to traffic simulations, a custom C++ event parser is allowed to
read, and a custom C++ event handler is allowed to store, cross-reference,
and visualise binary data structures. This lowers the necessary RAM storage
capacity and speeds up the process of data import, storage, cross-referencing
and visualisation compared to commonly used XML data structures. Since
the necessary storage space is reduced, the visualisation time-frame of, for
example, daily traffic can be extended. Compared to a common XML parser,
improvements per 1,000, 20,000 and 40,000 events (for example, one event
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corresponds to a simulated moving vehicle) can be summarised as follows.
One thousand events require 2 gigabytes (GB) of random-access memory (RAM)
using an XML data structure, compared to 0.1 GB of RAM usage as a binary
structure. The binary data structure is also improving the time necessary to
process by a factor of 10. Looking at 20,000 events, RAM's storage required for
the XML data structure requires 23 GB while the binary data structure is needing
2 GB. A similar time improvement by a factor of 10 is visible. If we loaded 40,000
events, the XML data parser could not load the data with the computational
specifications used, compared to the binary parser which needed 8 GB of RAM
and 40 minutes of processing time for this task. The comparison in both storage
usage and time is suggesting an exponential growth (see figure 33).

4.2.3. REAL-TIME RAY TRACING

The advantage of real-time ray tracing techniques compared to commonly
used pre-computed visualisations is the instant visualisation and simulation
of virtual environments, including the simulation of light and material
specifications such as reflections (see figure 31). One key condition is the
paradigm shift from CPU- to GPU-based simulation and architecture. A visual
inspection of the same scene while using real-time ray tracing in comparison to
pre-computed ray tracing can unveil particular visual improvements in regard

to the image sharpness, lighting, and shadow quality (see figure 34 - 37).
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Figure 31: Analogue reflectance values
from the Zumtobel Lighting Manual.
Source: Zumtobel (2020)

Figure 32: From left to right, actual
photograph of the current light
condition in Khayelitsha, Cape Town;
simulated light conditions; and

pixel comparison in red showing the
difference between actual reality and
simulated reality.

Source: Photograph on the left,
Stephanie Briers (2019); center and
right images, Michael Walczak (2019)

Figure 33: As an example, for 20,000
events: binary: ~10min and ~2GB RAM
(loading network, loading events,
parsing for GUI output).

XML: ~100min and ~23GB RAM
(loading network, loading events,
parsing for GUI output).

Source: Michael Walczak (2019)
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Figure 34 and 35: Top image shows pre-computed ray tracing while the
bottom image shows the real-time ray tracing visualisation technique.
Source: Michael Walczak (2019)
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Figure 36 and 37: Top image shows pre-computed ray tracing while the
bottom image shows the real-time ray tracing visualisation technique.
Source: Michael Walczak (2019)
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void AimportMobility::readGemSim/()

{
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//%2592222290000009009909900 o NITORKS32%22%2259259222222220000000

OC00000000000000000000000000 0000000000000 000000000000000

auto networkreader = new gemsim::data::io::NetworkReader () ;
networkreader->read(,C:/GUI/Vienna/network AT.xml.gz“);
networkreader->waitForFinished() ;

UE_LOG (LogTemp, Warning, TEXT (,GemSimNetwork Loaded"));

auto networklinks = networkreader->getNetwork() ;
UE_LOG (LogTemp, Warning, TEXT(,Got Network"));

//%2%2292229229922999999999990C TPPER%22%22%92%9292222%22222292229

0000000000000 0000000000000 000000000000 0000000000000000

for (int i = 0; i < networklinks->getLinkCount (); i++)

{
float getxfrom = networklinks->getLink (networklinks->getLinkId(i))->getFromNo-
de () ->getLocation () .x();
float getyfrom = networklinks->getLink (networklinks->getLinkId(1i))->getFromNo-
de () ->getLocation () .y () ;

float getxto = networklinks->getLink (networklinks->getLinkId(i))->getToNo-
de () ->getLocation () .x();
float getyto = networklinks->getLink (networklinks->getLinkId(i))->getToNo-
de () ->getLocation() .y () ;

const QPoint pl (getxfrom, getyfrom);
const QPoint p2(getxto, getyto):;

const QPoint topleft (624486, 484509);
const QPoint topright (628685, 481957);
const QRect rect(topleft, topright);

if (gemsim::core::GeometryUtils::isLineSegmentClipped(pl, p2, rect) == true)
{
UE_LOG (LogTemp, Warning, TEXT(,WE FOUND A MATCH WITH CLIPPER"));
clippedNetwork.insert ( (networklinks->getLink (networklinks->get-
LinkId(i))->getId()), 1);

©00000000000000000000000000 99090900900909090909090900900
//%5%%5%%5%%5%85%85825%25%288SUBNETIWORKS%%%%%%%%%%%%%%%%%%%%%%%%%

foreach (QSharedPointer<gemsim: :data: :NetworkLink> link, networklinks->getLinks())
{
if (clippedNetwork.contains (link->getId()))
{
OSharedPointer<gemsim: :data: :NetworkLink> newLink = netFactory->clone-
Link (1link) ;
QSharedPointer<gemsim: :data: :NetworkNode> fromNode = subNetwork->getNo-
de (link->getFromNode () ->getId()) ;

UE_LOG (LogTemp, Error, TEXT(,CLIPPER AND ID MATCH"));

if (fromNode.isNull ())

{
fromNode = netFactory->cloneNode (link->getFromNode ()) ;
subNetwork->addNode (fromNode) ;

QOSharedPointer<gemsim: :data: :NetworkNode> toNode = subNetwork->getNo-
de (link->getToNode () ->getId()) ;



73

if (toNode.isNull())
{

toNode = netFactory->cloneNode (link->getToNode ()) ;

subNetwork->addNode (toNode) ;

newLink->setFromNode (fromNode) ;

newLink->setToNode (toNode) ;

fromNode->addOutLink (newLink) ;
toNode->addInLink (newLink) ;

subNetwork->addLink (newLink) ;

QVector<double> eventsvector;

auto gemsimimport = new gemsim::events::EventManager () ;
gemsimimport->addHandler (gemsimhandler) ;
gemsimimport->read(,D:/GUI/Vienna/events.bin.gz");
gemsimimport->waitForFinished() ;

//%%%%%%%%%%%%%%%88888888888FILTER EVENTS TO CLIPPER%

UE LOG (LogTemp, Warning, TEXT(,Is it empty: %i“), gemsimhandler->eventtime.size());
UE_LOG (LogTemp, Warning, TEXT(,Is it empty: %i“), gemsimhandler->linkid.size());
UE_LOG (LogTemp, Warning, TEXT(,Is it empty: %i“), gemsimhandler->personid.size()):;

for (int i = 400; i < 500; i++)
{

for

{

alss
{

(int § =

alss
{

(clippedNetwork.contains (gemsimhandler->1inkid[i]))

eventtimeclipped.append (gemsimhandler->eventtime[i]) ;
linkidclipped.append (gemsimhandler->1inkid[i]) ;
personidclipped.append (gemsimhandler->personid[i]) ;

pseudoMatch.append (gemsimhandler->1inkid[i] + gemsimhandler->person-

id[i]);

400; 3 < 500; j++)

(clippedNetwork.contains (gemsimhandler->linkidLeave[]j]))

eventtimeclippedLeave.append (gemsimhandler->eventtimeLeavel[j]);

linkidclippedLeave.append (gemsimhandler->1linkidLeave([]j]);
personidclippedLeave.append (gemsimhandler->personidLeave[]j]);

pseudoMatchLeave.append (gemsimhandler->linkidLeave[]]

+ gemsimhand-

ler->personidLeave[j]);

//%%85%%%8885%88888%888888%88DELETE OLD EVENTS$%%%%3%%%%

gemsimhandler->eventtime.clear () ;
gemsimhandler->linkid.clear();
gemsimhandler->personid.clear () ;
gemsimhandler->traveltimeNEW.clear () ;

gemsimhandler->eventtimelLeave.clear () ;
gemsimhandler->1linkidLeave.clear () ;
gemsimhandler->personidlLeave.clear () ;
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s

oo
do
do
S
oo
oo
oo
oo
oo
oo
oo
oo
do
do
do
do
do
do
do
do
do
do
do

$%%SVEHICLES TRAVELTIME DETERMINATIONS%3%%6386%86%286386336%863%%%

for (int k = 0; k < eventtimeclipped.length(); k++)
{
for (int 1 = 0; 1 < eventtimeclippedLeave.length(); 1++)
{
if (pseudoMatch[k] == pseudoMatchLeave[l])
{
eventtimeFinal.append (eventtimeclipped([k]);
linkidFinal.append(linkidclipped[k]) ;
personidFinal.append (personidclipped[k]) ;
speedFinal.append(eventtimeclippedLeave[l] - eventtimeclippe-
dlkl);

-

eventtimeclipped.clear () ;
linkidclipped.clear();
personidclipped.clear () ;

eventtimeclippedLeave.clear () ;
linkidclippedLeave.clear();
personidclippedLeave.clear () ;

pseudoMatch.clear () ;
pseudoMatchLeave.clear () ;

s

oo
S
S
S
S
S
S
S
S
S
S
do
do
do
do
do
do
do
do
do
do
do

$%%%8EVENTS COORDINATES DETERMINATIONS%3%%6386%86386386336%8638%6%

for (int 1 = 0; 1 < eventtimeclipped.length(); i++)
{ for (int j = 0; j < subNetwork->getLinkCount (); j++)
( if (linkidclipped[i] == subNetwork->getLinkId(j))
{ UE_LOG (LogTemp, Warning, TEXT(,WE GOT THE LINKY“));

int time = eventtimeclipped[i]:;
int person = personidclipped[i];

float getxfrom = subNetwork->getLink (subNetwork->getLinkId (-
j)) ->getFromNode () ->getLocation () .x () ;
float getyfrom = subNetwork->getLink (subNetwork->getLinkId (-
j) ) ->getFromNode () ->getLocation () .y () ;

float getxto = subNetwork->getLink (subNetwork->getLinkId (-
j)) ->getToNode () ~>getLocation () .x(
float getyto = subNetwork->getLink (
j)) ->getToNode () ->getLocation () .y (

’

s
)
subNetwork->getLinkId (-
)

’

LocationStart = FVector (getxfrom, getyfrom, 0.0f);
LocationEnd = FVector (getxto, getyto, 0.0f);

double distance = subNetwork->getLink (subNetwork->getLinkId (-
J)) ->getLength () ;

UE_LOG (LogTemp, Warning, TEXT (,eventtime %i“), time);
UE_LOG (LogTemp, Warning, TEXT (,personid %i“), person);
UE LOG (LogTemp, Warning, TEXT (,length %f“), distance);
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//%%%%%%%2%2%8%%%8%8%8888888SVEHICLES TRAVELTIME DETERMINATIONS$$$%%%%%%%%2%28%28%2%%%%%%%%

for (int k = 0; k < eventtimeclipped.length(); k++)
{
for (int 1 = 0; 1 < subNetwork->getLinkCount (); 1l++)
{
if (subNetwork->getLink (subNetwork->getLin-
kId(j))->getToNode () ->getLocation () .x () ==
subNetwork->getLink (subNetwork->getLinkId(l))->get-
FromNode () ->getLocation () .x () && personidclipped[i]
== personidclipped[k])

{
int traveltimecorrect = eventti-
meclipped[k] - eventtimeclippe-
dfil;

}

Figure 38: C++ code excerpt to import and cross-reference "GEMSIim" public and private traffic
simulation data into the visualisation framework.
Source: Michael Walczak (2020)
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Figure 39 and 40: Two exemplarily snippets on different moments of
the day using the custom visualisation framework for Vienna's context.
The DIGITAL URBAN IMAGINARY is including "GEMSim" public and private
traffic simulation, daylight simulation, satellite imagery and the build
and natural environment.

Source: Michael Walczak (2020)
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Figure 41 and 42: Two exemplarily snippets on different moments of
the day using the custom visualisation framework for Vienna's context.
The DIGITAL URBAN IMAGINARY is including "GEMSim" public and private
traffic simulation, daylight simulation, satellite imagery and the build
and natural environment.

Source: Michael Walczak (2020)
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Figure 43: Left-eye 360° DIGITAL URBAN IMAGINARY of Caracoli
neighbourhood in Bogotd including pedestrian motion visualisation,
lighting simulation, the detailed environment and densifying buildings
signalized by the graphical text component displaying the current year
of the imaginary. We can use such images to experience through virtual
reality goggles.

Source: Michael Walczak (2020)
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Figure 44: Right-eye 360° DIGITAL URBAN IMAGINARY of Caracoli
neighbourhood in Bogotd including pedestrian motion visualisation,
lighting simulation, the detailed environment and densifying buildings
signalized by the graphical text component displaying the current year
of the imaginary. We can use such images to experience through virtual
reality goggles.

Source: Michael Walczak (2020)
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Figure 45 and 46: Two exemplarily snippets on different moments of
the day using the custom visualisation framework for Zurich's context.
The DIGITAL URBAN IMAGINARY includes a delivery vehicle followed by
the camera, "GEMSIm" public and private traffic simulation, satellite
imagery, daylight simulation and the build and natural environment.
Source: Michael Walczak (2020)
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Figure 47 and 48: Two exemplarily snippets on different moments of
the day using the custom visualisation framework for Zurich's context.
The DIGITAL URBAN IMAGINARY includes a delivery vehicle followed by
the camera, "GEMSIm" public and private traffic simulation, satellite
imagery, daylight simulation and the build and natural environment.
Source: Michael Walczak (2020)
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4.3. Chapter 3: Step 1, Collection (i)

T /%%%%%

U

{

South Africa

The first step mainly focuses on the collection of new sets of data. Such data  Figure 49: Location and transferability
. . C . matrix, see chapter 3.2.

is raw, not processed, and does not yet supply any evidence. Existing, newly ¢ o Mmichael Walczak (2021)
generated, or projected data collection is the foundational stone to create

DIGITAL URBAN IMAGINARIES. In our case of urban transformation processes,

the baseline of the static and dynamic environment is crucial. Exemplarily, we

illustrate this step with the case studies of Lausanne's agglomeration, the City Quantitative Policy
of Sarajevo and Caracoli, a neighbourhood in Bogotd. We collected:

(4.31) for the Spatial Policy Model (SPM) in the agglomeration of Lausanne

data on the built environment and its regulatory boundary conditions;

(4.3.2) for the City of Sarajevo climatic data such as wind speed and wind
direction, and theoretically correlated to other locations; and

(4.3.3) for Caracoli, a neighbourhood in Bogotd, data on pedestrian motion

and densification processes. Qualtitative Case Study

This step can be scaled and transferred to other contexts such as Colombia and Elr?;p:iesr% ;tOkEhO'der matrix, see

Austria due to the DIGITAL URBAN IMAGINARIES methodology (see figure 49). Source: Michael Walczak (2021)
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4.3.1. AGGLOMERATION OF LAUSANNE %

In the following section, we describe the data sources required to perform the
Spatial Policy Model (SPM) (see chapter 4.1.2.):

M Cadastral data includes the precise geo-located geometry (poly curve)
of each of the building lots and if applicable, its respective building footprint
geometry in the Lausanne agglomeration.

(2 Zoning regulation includes the precise geo-located geometry (poly
curve) of each of the different building zones with its specification such as
residential area (high, medium and low density), industrial area, historical
centre, intermediate area, peripheral areqa, etc. Each of the different zones
has a respective building regulation requirement that differs in each of the
municipalities of the agglomeration of Lausanne.

(3) Building regulations are very complex, as shown andvisualised by Grams
(2015). In the case of Switzerland, building regulations are not homogenised,
which means that each municipality has its own data format. Most of the data
is not yet digitised or is merely provided as text and/or graphic descriptions in
the form of o PDF file (see figure 51). Building regulations include information
about the minimum distances from the lot border, maximum building heights,
roof geometries, minimum building distances, building programme, maximum
building length, maximum building footprint, floor area ratio (square metres of
all floors of the particular building divided by the corresponding building lot),
distribution of residential surface area in mixed-use areas, etc. To be able to
use this information in an automated manner, the data had to be manually
converted and homogenised into a machine-readable format (see table 02).
A table with columns distinguishing all building regulatory requirements and
corresponding rows with all communes and their zones was developed. Not all
zones have the same specifications, in which case the cell is left empty.

4) Since the output of the SPM is in 3D, it enables a detailed comparison
of the current built environment with the potential future built environment
provided by the SPM (see figure 52). The current building stock is represented
using the building, and apartments register from the Swiss Federal Office for
Statistics (2015a) dataset. This dataset includes the current number of floors
for each building footprint and its roof geometry. With this information, it is
possible to derive the potential growth in cubic metres of building volume in
the current building regulation in comparison to the existing building volume in
cubic metres. Nevertheless, it is important to maintain that the square-metre
indicator is as important as the cubic metres, especially when speaking about
densification in residential and mixed-use areas. People measure living space in
square metres rather than cubic metres, and some buildings have, for example,
a rather high volume in cubic metres but low surface area in square metres
because of high ceiling heights. Industrial areas might benefit from cubic metre
measurements, for example, due to storage areas, etc.
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4.3.2.CITY OF SARAJEVO

Onthe one hand, due to vast open-source accessibility to climatic data including
current air quality index (see figure 53 and 56), daylight-hours, wind-speeds,
climate classifications, modal split, population health ratios, and population
and building densities, we could collect and compare the case of Sarajevo to
other locations such as Zurich, Stuttgart, Medellin, Milano, Paris, Vienna and
Katowice (see table 03). The health ratio is the number of deaths from ambient
air pollution for the whole respective country for 2010. All other values are on a
city-scale. We divided the absolute available data for 2010 through its respective
country's population size in this particular year. See all data sources in table 03.

On the other hand, a mobile laboratory was used to conduct wind
measurements during two weeks in May 2019 in 15 locations within the basin of
Sarajevo boundaries (see figure 54), to understand the current environmental
conditions of the City of Sargjevo. Suitable sites were identified together with
local authorities from the Regional Planning Institute, Regional Institute for
Public Health, and the Federal Hydro-Meteorological Institute. Key locations
included the former Olympic site in Sarajevo as one of the two sub valleys, the
river "Miljacka” and the white bastion as the second sub valley, “Skenderija” as
the hinge of both sub valleys, "Marijin Dvor” as the bottleneck, the airport area
as the end of the main valley and ten more locations in between. Compared
to conventional wind measurement systems, which measure at one specific
location (not mobile) and altitude, mostly near to the ground (+/- 5m), it
is essential in valley conditions to understand in a vertical wind profile what
wind conditions can be observed, for example, above the inversion weather
phenomenon and the topographical mountain range.

To do so, "a Galion LIDAR system (Long Range Inland model) is used to measure
the line-of-sight component (LOS) of wind speed. The measurement of the LOS
component of wind speed is based on the Doppler shift of backscattered laser
from aerosols in the atmosphere. (...) The LIDAR has a 3D scanning head that
allows for volumetric scanning (...). The LIDAR system is installed in a mobile
laboratory, "windRover” (see figure 55). During measurements, the LIDAR's laser
head is raised through an opening in the roof of "windRover" by an elevator. A
5kW generator and a battery bank provide electric power for the laboratory's
on-board systems" (Zendehbad et al. 2015). The output of these on-site wind
measurements in Sarajevo includes data for wind direction and wind speed in
the form of a vertical profile, and turbulence measurements for the 15 different
sites (see figure 57 - 59).

4.3.3. CARACOLI NEIGHBOURHOOD IN BOGOTA ¢

A multi-method case study was conducted in a 183-metre-long pedestrian
street in Bogotd's Caracoli settlement during January and February 2019. This
included night-time street observations, spatial measurements, a household
survey, a lighting audit, and illuminance measurements using a Konica Minolta
CL-200 A. 88 metres of the street were lit by four high-pressure sodium street
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lights (referred to as "formal” lighting), with the remaining 95 metres lit by nine
self-built luminaires installed by the residents (referred to as “informal” lighting).
The street begins at an altitude of 2,720 metres and ends at an altitude of 2,770
metres, resulting in a very steep incline of over 35% (see figure 76). The majority
of the dwellings are regarded as illegal, having been built on land classified as
high risk due to the threat of landslides.

Since informal settlements are characterised by permanent physical
transformation, spatial measurements were conducted using a drone, a
360° camera, a measuring wheel, a laser distance meter, and a measuring
tape in order to document the neighbourhood. Both “formal” and “informal”
self-built luminaires were analysed in terms of their geometrical and lighting
characteristics. The luminaires' height, the lamp types and wattages as well
as the horizontal illuminance directly beneath each luminaire were recorded.
Furthermore, the horizontal illuminance along the entire informally lit part of
the street was measured. One informal luminaire was shipped to Europe in
order to measure and digitise its photometry in a goniophotometer (see figure
60).

The purpose of observing the street was to analyse residents' night-time
activities by mapping the number, type, and location of activities as well as to
record people's age and gender. Such information can be expected to have an
impact on how people evaluate fear of crime under certain lighting conditions.
Observations were conducted during both a weekday and a weekend day.
During the hours of participant observation, we were able to overlook both the
formally and informally lit part of the street simultaneously, standing at the
threshold of both parts of the street. Walking was the main activity. Furthermore,
other outdoor activities such as talking, playing, smoking, smartphone use, and
cooking were observed.

The household survey was used to collect the construction data from 36 out of
52 dwellings (see figure 61). The main questions were in what year each of the
dwelling storeys had been built and what materials had been used. The data
was compared with Google Earth satellite images and corrected if necessary. For
the 26 dwellings for which no survey was available, the construction dates of the
first storey were estimated using satellite imagery or the data of neighbouring
dwellings. The average duration until additional storeys (second and third
storey respectively) had been constructed was used for the 26 dwellings without
survey data, as well as for the storeys that will be constructed after 2019.
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CHAPITRE 4 - ZONE D'HABITATION MOYENNE DENSITE
(LOCATIFES)

Article 24 - Destination

Cette zone est destinée a I'habitation collective.

La Municipalité peut autoriser des magasins, petits commerces, locaux administratifs

Article 29 - Distances aux limites
La distance minimum "d" entre les facades et la limite de la propriété voisine ou du

domaine public, s'il n'y a pas de plan fixant la limite des constructions, est en fonction
de sa plus grande dimension en plan "L":

et autres activités tertiaires, dont I'exploitation n'incommode pas le voisinage (bruits,

Article 25 - Ordre

L'ordre non contigu est obligatoire.

Article 26 - Surface batie

Les bétiments d'habitation auront une surface bétie minimum de 200 m2, la surface de
la parcelle étant de 1250 m2 au minimum.

Article 27 - Coefficient d'occupation du sol

Le coefficient d'occupation du sol est de 0.16 au maximum.

Article 28 - Coefficient d'utilisation du sol

Le coefficient d'utilisation du sol est de 0.64 au maximum.

odeurs, fumées, trafic, etc.). - si "L" est inférieur a 24.00 m. :

- si "L" estsupérieura 24.00 m. :

g
"d" = 10.00 m. + =

= 10.00 m.

L-24

Entre batiments sis sur une méme propriété, ces distances sont additionnées.

Pour les batiments de plus de 30.00 m. de longueur, un décrochement (retrait) de
2.00 m. au minimum est exigé.

Figure 51: Sample page of building regulations from the Swiss
municipality of Ecublens (VD) showing the regulatory requirements

for the medium-density residential area provided in form of a PDF
document.

Source: https://www.ecublens.ch/images/stories/reglements/rpga.pdf;
accessed 13.02.2021

ZIP code 1024 1024 1024

Municipality Ecublens (VD) Ecublens (VD) Ecublens (VD)

Zone Village Medium-density resi- | Low-density residen-
dential area tial area

Floor-area ratio 0.48 0.64 0.42

Attached/ Attached & detached | Detached Detached

detached buildings

Max. footprint 016 0.16 014

Max. full floors 3 4 3

Max. building length (m) 30 30 25

Max. facade height (m) 7 12.5 5.5

Max. pitched roof height (m) 10.5 9

Attica setback (m) 2

Distance lot boarder (m) 3 (detached) bl<24=10 6

(Building length (bl)) bl>24=10+bl-24/5

Table 02: Sample table (machine readable conversion) of the building

regulations from the Swiss commune of Ecublens (VD). The column

in grey shows a sample of the translation from the original building
regulatory document provided by the commune in form of a PDF file, on
figure 51.

Source: Michael Walczak (2020)
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Figure 52: Top image: Qualitative visualisation of building regulation in
the agglomeration of Lausanne. Green roofs represent the reassessed
buildings including its attic roof. Buildings with red roofs symbolise the
existing building stock within the context. Bottom image: Quantitative
visualisation of an exemplary selection of 11 building units and their view
analysis in the direction of the lake, embedded within the Lausanne
area. This analysis considers whether the view is obscured by any other
building, topography, or vegetative element.

Source: Michael Walczak (2020)
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Figure 53: Screenshot of real-time air quality index mayp. Colour code
showing the concentration of PM, , from green less than ten um/m?to
dark red more than 70 pm/m?, Northern Italy and Ex-Yugoslavia are the
areas within Europe with the highest air pollution density.

Source: http://maps.who.int/airpollution/; accessed 10.12.2019; with
adaptations by Michael Walczak (2019)

i

4 151 g :f

River Miliacka

Ak OV F e

ﬁ \ 5
NS

&

= 2
.;\t‘
X -9‘6
N Y 1

A\ MM

Figure 54: Sarajevo map through time, north-oriented, in yellow railway
and tram network, in blue the river, in brown the topography, in purple
the airport and in black the buildings. Urbanisation on the slopes of
Sarajevo was resumed after the Bosnian War (1992-1995) in areas with
steep slope gradients. This was a consequence of the impossibility or
unwillingness of those internally displaced, sheltered in Sarajevo during
the conflict, to return to pre-war homes (Martin-Diaz et al. 2018). Waste
and garbage landfill (01) (Calo et al. 2009). Mine (02).

Source: Michael Walczak (2019)

88



X . X Density Wind . . Mobility (Public %, Health
) Air quality | Daylight A IO Climate accordingto | |
Case Studies | Scale People speed " 3 private %, others % | per10.000
index (AQI)| (h/year) graphy Képpen-Geiger . . ) )
(km?) | (people/km?) | (M/s) (walking, biking)) |inhabitants
. . Cold, no dry season,
Zurich (CH) 20 ~1600 90 4200 4 basin 34,36, 30 3
warm summer (CNW)
Stuttgart (GER) 20 ~1600 210 3100 5 basin CNW 24, 45,31 5
Medellin (COL) 30 ~1900 380 6700 4 basin Tropical, rainforest 51,19, 30 3
Sarajevo (BiH) 100 ~1700 140 2100 3 basin CNW 25,40, 35 14
Temperate, no dry
Milano (I) 30 ~1900 180 7700 3 flat 56, 30, 14 6
season, hot summer
Paris (FR) 20 ~1700 100 21500 5 elevations | CNW 61,25,14 3
Vienna (AT) 30 ~1800 410 4400 6 elevations | CNW 39,2734 4
Katowice (PL) 40 ~1400 160 1900 6 elevations | CNW NA 7
X X X Density Wind ' . Mobility (Public %, Health
| JXIg [T [[ia"4 Daylight Topo- | Climate accordingto| |
Case Studies | Scale People speed " ) private %, others % | per 10.000
W[5 4(.{e 1)) (h/year) graphy Képpen-Geiger . . ) )
(km?) | (people/km?) (m/s) (walking, biking)) |inhabitants
Zurich (CH) 20 ~1600 90 4200 4 basin CNW 34,36, 30 3
Stuttgart (GER) 20 ~1600 210 3100 5 basin CNW 24,45, 31 5
. . Temperate, no dry
Paris (FR) 20 ~1700 100 21500 5 elevations 61, 25,14 3
season, warm summer
Vienna (AT) 30 ~1800 410 4400 6 elevations | CNW 39,27, 34 4
X Temperate, no dry
Milano (I) 30 ~1900 180 7700 3 flat 56, 30,14 6
season, hot summer
Medellin (COL) 30 ~1900 380 6700 4 basin Tropical, rainforest 51,19, 30 3
Katowice (PL) 40 ~1400 160 1900 ) elevations | CNW NA 7
Sarajevo (BiH) 100 ~1700 140 2100 3 basin CNW 25,40, 35 14
X . X Density X i Mobility (Public %, Health
) Air quality | Daylight Topo- Climate according to .
Case Studies | Scale People " ) private %, others % | per10.000
index (AQI)| (h/year) graphy Képpen-Geiger . . ) .
(km?) | (people/km?) (m/s) (walking, biking)) |inhabitants
Sarajevo (BiH) 100 ~1700 140 2100 3 basin CNW 25,40, 35 14
X Temperate, no dry
Milano (I) 30 ~1900 180 7700 3 flat 56, 30, 14 6
season, hot summer
Medellin (COL) 30 ~1900 380 6700 4 basin Tropical, rainforest 51,19, 30 3
Zurich (CH) 20 ~1600 90 4200 4 basin CNW 34, 36,30 3
Stuttgart (GER) 20 ~1600 210 3100 5 basin CNW 24, 45,31 5
. . Temperate, no dry
Paris (FR) 20 ~1700 100 21500 5 elevations 61,2514 3
season, warm summer
Vienna (AT) 30 ~1800 410 4400 6 elevations | CNW 39,27, 34 4
Katowice (PL) 40 ~1400 160 1900 6 elevations | CNW NA 7

Table 03: The above table is sorted according to the air quality

index, the wind speed and the topography. For the air quality

index, the lower the number, the better the air quality. The city
summaries (density in scale, density in population, and modal

split) are based on data from the urban stories lectures by the

ETHZ Chair of Architecture and Urban Design, AQI annual average
from plumelabs.com; accessed 22.02.2020, annual wind data from
https://globalwindatlas.info; accessed 22.02.2020, Kdppen-Geiger
climate classification (Beck et al. 2018), daylight data from https://
commons.wikimedia.org/wiki/File:Sol-Europa-Sunshine.png; accessed
10.02.2021, topography data from https://portal.opentopography.org/
raster?opentopolD=0OTSRTM.082015.4326.1; accessed 10.01.2021, health
ratios (death from ambient air pollution on a country-scale) with some
adaptations from https://read.oecd-ilibrary.org/environment/the-cost-
of-air-pollution_9789264210448-en#page48; accessed 10.02.2021.
Source: Michael Walczak (2020)
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Figure 55: "windRover" measurements in Sarajevo, here the location of
"Groblje Alifakovac”, a collaboration between ETHZ D-MAVT Laboratory
for Energy Conversion and ETHZ D-ARCH Chair of Architecture and
Urban Design.

Source: Michael Walczak (2019)

Figure 56: Aerial view on an exemplarily winter-day of the basin

of Sarajevo showing the thick inversion weather phenomenon
recorded from a drone flight around the Sarajevo airport area. In
this specific case, the temperature at an altitude of 1000m is at 2.4°C
and particulate matter at ten pm/m? PM, ; compared to the ground

temperature of -1.3°C and particulate matter at 700 pm/m? PM, , which
shows almost a three °C difference and 70 times less concentration of
particulate matter. The lower the number, the better the air quality.
Source and measurements: University of Sarajevo, Faculty of Mechanical
Engineering, Prof. Dr. Adnan Masi¢, with additions by Michael Walczak
(2019)
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Sarajevo's wind condition'’s specificity is the
change in wind speed and wind direction
above 400 - 600m.
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Figure 57: Top map with Sarajevo measurement locations and
consolidated predominant wind directions in different elevations.
Bottom chart and graphic show exemplarily results in Sarajevo (here
measurements in the "Ottoman” district), red arrows symbolise wind
below 400-600m and white arrows symbolise wind above 400-600m.
The first line-chart shows a vertical profile of different wind speeds in
different altitudes. Red circles in the second vertical profile represent
the wind direction change in different heights.

Source: Michael Walczak (2019)
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Wind speed and direction changes at
200m and 800m.
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Figure 58: Maps and graphics show exemplary results measured in
different locations in Sarajevo, red arrows symbolise wind below 400-
600m and white arrows illustrate wind above 400-600m. The first line
chart shows the vertical profile of different wind speeds in different
altitudes. The second vertical profile symbolises the wind direction
change in different heights.

Source: Michael Walczak (2019)
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Wind speed and direction changes above
700m.
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Figure 59: Maps and graphics show exemplary results measured in
different locations in Sarajevo, red arrows symbolise wind below 400-
600m and white arrows illustrate wind above 400-600m. The first line
chart shows the vertical profile of different wind speeds in different
altitudes. The second vertical profile symbolises the wind direction
change in different heights.

Source: Michael Walczak (2019)
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Figure 60: Digitisation process of informal luminaires including physical
and photometric information.
Source: David Michael Kretzer & Michael Walczak (2020)
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Figure 61: The 3D model of the four-storey case-study street including
color-coded construction years (created in Rhinoceros3D (left-hand
side)) and the lighting of the formally and informally lit parts of the
case-study street in 2019 (reconstructed in the Dialux lighting software
(right-hand side))

Source: 3D model: Michael Walczak (2019); lighting reconstruction: David
Michael Kretzer (2019-2020).
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4.4. Chapter 4: Step 2, Processing (ii)

~ 2
v
7

D

South Africa

The second step focuses on the processing and merging of data such as the  Figure 62: Location and transferability
data generated in step 1, to be able to scale and extrapolate collected data 2;%::: ﬁiirfg:mzﬁiik(zozn

points to the whole of a neighbourhood, city or country. Our case of urban
transformation processes mainly involves processing dynamic and time-
related data into DIGITAL URBAN IMAGINARIES. Exemplarily, we illustrate this

step with the case studies of Lausanne's agglomeration, the City of Sarajevo

Quantitative Policy

and Caracoli, a neighbourhood in Bogotd. We processed:

(4.41) with the spatial policy model (SPM) for the agglomeration of Lausanne

the current building regulation policies into a three-dimensional representation;
(4.4.2) with computational fluid dynamics (CFD) simulations the evidence
collected on-site and scaled to the whole City of Sarajevo; and

(4.43) with custom C++ and Unreal Engine (Epic Games 2020) Blueprint code

the dynamic data for Caracoli, a neighbourhood in Bogotd. Qualtitative Case Study

This step can be scaled and transferred to other contexts such as Toronto and Fihg”“ta "331 gtokem'dermc’t”x' see
chapter 3.3.

Shanghai due to the DIGITAL URBAN IMAGINARIES methodology (see figure 62).  source: Michael Walczak (2021)
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4.41. AGGLOMERATION OF LAUSANNE *

This research implementation step 2 developed a "definition” within the
object-oriented programming and parametric software "Grasshopper3D”
(Robert McNeel & Associates 2017a; 2017b) for "Rhinoceros3D" (Robert McNeel &
Associates 2017c) since it allows for large-scale geometric data analysis and
geometric calculation. The advantage of this framework is the automation,
scalability, and replicability of such analyses to other locations in contexts
that provide the necessary data mentioned above and the direct application
into architectural and urban planning frameworks. Since each commune
has a variety of different zones that consider different building policies and
regulations, the first step entails the matching and superimposition process.
Before being able to compute the maximum building surface area according
to the building regulation, each building lot is assessed within the zoning and
commune boundaries in which this specific lot is allocated and cross-referenced
with the respective building policy, which for instance the method of Schaller
(2018) did not take into account. This method enhances the ability to use this
framework for any kind of context with the same data availability.

As soon as the correct building regulation for the building lot is identified, the
model proceeds with the actual geometrical calculations. We need to bear
in mind that the calculation of the final geometric solution for the specific lot
(see step 1in figure 65) is designed in an iterative loop since many of the policy
requirements are interlinked. Small changes in the building geometry can affect
all policy requirements and so forth.

The initial stage is to determine the correct lot border distances, bd (see step 2
in figure 65). Most of the building regulations distinguish between several values
for the border distance. The first is the identification of the "long-distance”
border. The “long-distance" border in most cases is determined on the one
hand by the most southerly area of the lot, to provide high-quality outdoor
spaces for the residents and to not cast shadow on neighbouring buildings
(which also points to the necessity for a 3D representation of the building
regulations). Depending on the building regulation, “long-distance” border
can also be determined using the longest edge in comparison to all the other
building lot edges. In this case, it is important to measure each edge of the
building lot to automatically assign the correct lot border. The "long-distance”
border is distinguished from the “short-distance” border in that it is normally 1/3
longer than the "short distance” border. Conversely, the "short-distance” border
is used for all other lot edges excluding where the "long-distance” border was
identified. The second significant factor for the border calculation depends
on the maximum length, ml, of the building, which is normally specified in the
building regulations. If not, it depends on the geometry of the building lot and
its border distance calculation. The following two equations can be produced
for the initial stage:

ml < building length = bd
ml — building length

1 > building 1 th = bd
ml > building leng + border extension
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The second stage involves the calculation of the maximum building footprint,
which must stay within the boundaries of the previously calculated lot borders
(see step 3 in figure 65). If the building regulations specify the floor area
ratio?, az, then we need to take the amount of full floors, ff, into consideration
(excluding underground floors and roof/attic surfaces). This will allow us to
calculate the maximum footprint, mf, with which we can determine the length,
I, of o potential volume:

1= i az

= |lot sqm *ff
We can use the value | for an iterative comparison with the maximum building
length value ml (see step 4 in figure 65). If this value exceeds the value in the
building regulation, the building length needs to be adjusted. Either the length
needs to be decreased, or the building mass needs to be subdivided into
smaller building units (see step 5 in figure 65). In the case of subdivision, the
regulation requires a specific minimum distance between the buildings (see
step 6 in figure 65). Again, the smaller building units would need to stay within
the boundaries of the computed lot borders. To extrude the buildings into the
Z axis, the building regulation offers the maximum building height, bh, and the
maximum building floors, f, which will determine the floor height, fh (see step
7 in figure 65):

The French-speaking part of Switzerland includes a unique parameter called
"Ordre contignu” (see "a" in figure 65) and "Ordre non-contignu” (see "b" in
figure 65), which literally means "attached” and "detached” buildings. The
"attached"” buildings policy allows existing buildings to be adhered to without
considering the lot border distances. This case is especially apparent in zones of
historic areas or city centres.

There are two options to consider with respect to the roof implantation: the
attic or the pitched roof. The building regulation provides a setback value of the
building footprint geometry for the attic roof. The regulation stipulates the roof
ridge height and the maximum fagade height for the pitched roof. These two
values and an additional curve parallel to the long-sided edge of the building
footprint - which is being extruded to the roof ridge height - can be used to
compute the pitched roof geometry.

4.4.2.CITY OF SARAJEVO

Using custom "Matlab?" code allows processing the “windRover" data collected
in research implementation step 1 into three-dimensional representations.
Matlab is a software framework to process, solve and visualise mathematical
problem statements.
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To understand and visualise the microscopic dynamics and dimensions of
the impact of building volumes on wind behaviour in a trans-scalar method,
computational fluid dynamics (CFD) simulations were applied. This method
also allows the extrapolation, replicability and scalability of the on-site wind
measurements collected in research implementation step 1to inform the CFD
simulations in terms of wind direction and wind speed. "Butterfly” (Roudsari
20190) is a python library to create and execute "OpenFOAM" (blueCFD-
Core 2017) cases and is running within the "Rhinoceros3D" (Robert McNeel &
Associates 2017c) and "Grasshopper3D” (Robert McNeel & Associates 2017b)
environment. "OpenFOAM" is an open-source CFD software and has an
extensive range of features to solve among others complex fluid flows and
turbulences made accessible through the "blueCFD-Core” (blueCFD-Core 2017)
project. "Grasshopper3D” (Robert McNeel & Associates 2017b) is an object-
oriented programming and parametric software environment whereas all
the results are displayed within "Rhinoceros3D" (Robert McNeel & Associates
2017¢) which is a computer-aided 3D modelling and computer-aided design
software. This method simulates the current state of building conditions
(framework developed in research implementation step 1) and projected future
developments and their impact on wind behaviour.

Wind data collection can contribute to a better understanding of urban
phenomena's and act as one layer to inform potential policy recommendations
of future development for strategic plans such as, for example, the 2040 general
urban plan for Sarajevo (GUP). Most current wind measurement devices are
located on one specific height, in most cases very close to the ground surface.
Regarding valley conditions and tall buildings, it is inevitable to measure wind
conditions, such as in research implementation step 1, in different elevations.
As an example, this research was able to identify main wind corridors within the
City of Sarajevo. The measurement campaign took place from May 6, 2020 to
May 10, 2020, and from May 16, 2020 to May 19, 2020. The former winter Olympic
developmentstrip - rectangular to the central longitudinal valley - including the
Olympic stadium and indoor sports hall supplies the city centre of "Skenderija”
with ten m/s wind from south to north. “Skenderijia" is a convergence point of
two smaller sub valleys continuing into the university campus's central valley
corridor, located in “Marijin Dvor" and directing wind from east to west. The
second sub valley - an extension of the central valley - and its wind stream is
formed by the river "Miljacka” and oriented from east to the west. We allocated
the main wind exit points of the Sarajevo valley in the valley of the Zeljeznica
river and the mouth of the Zeljeznica river and the Bosna river, where multiple
streams of wind join.

The Sarajevo case shows that the wind speed and the wind direction are
changing at different heights. We observed mostly one wind condition until 400
- 600m, including wind speed until 5m/s and an utterly another state above
400 - 600m, including wind speed from 5m/s and more. These different wind
conditions in different altitudes show a correlation with the inverse weather
phenomenon, completely disappearing above 250m altitudes. We can,
therefore summarise that winds below and above the inversion differ. Winds
below the inversion are very calm, around five m/s and support high values
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of particulate matter (PM,*). Winds above the inversion are stronger, ten m/s
and more and lower the values of PM, . The observed shift of the wind speed
in higher altitude is, among other factors, due to tall miss oriented buildings
in the city fabric since measurements in the windward entry points of the two
sub valleys of the leading wind corridor showed stronger wind in lower altitude
compared to leeward measurements after the city centre with its tall buildings.
As the main conclusion, this research shows that building form and setting has
a significant impact on air quality due to the effect on wind behaviour.

CFD (Computational Fluid Dynamics) simulations confirm the findings of the on-
site measurements in the City of Sarajevo (see figure 66). The wind condition
located windward, the entry point into the longitudinal valley, is much higher
than leeward, right after a tall building section (Marijin Dvor). The wind is
also reoriented and dispersed into other directions. In several conditions,
the wind is also "locked" into the built environment's constellation and keeps
pollutants within its perimeter. In the CFD simulation, the "bottlenecks" are
also clearly visible, that buildings which are oriented transversally in relation
to the longitudinal basin, in other words, against the natural wind direction,
are creating a blockage wall with little porosity, and support the creation of
windless pockets within the city fabric. In comparison, the river stream "Miljacka”
or the main street corridor "Zmaja od Bosne" are providing an undisturbed wind
corridor to the City of Sarajevo, as well as porous, low or longitudinally oriented
buildings.

4.4.3. CARACOLI NEIGHBOURHOOD IN BOGOTA %

Transforming the data gathered by drone and 360° filming as well as
distance measurements into a 3D model was a complex iterative process.
The drone footage was the basis for establishing information about the plan
view, combined with information provided by Google Earth satellite imagery
and digital elevation maps from the NASA shuttle mission. The 360° footage
provided the vertical information for the model with regards to the number of
building storeys as well as the location of windows, doors and stairs, the roof
geometry, overhangs, terraces, materialisation, topography, and vegetation.
The static elements visualised within the VE/VR visualisation framework
comprise the topography, buildings, vegetation as well as specific objects such
as luminaires, fences, and tyres. Each of these elements is further explained in
the following section.

Asregards the static topography visualisation, the Geotiff raw data for Bogotd is
accessed through the NASA shuttle mission. Within Q-GIS Version 3.4.8-Madeira
(QGIS Development Team 2018), the QGis2Threejs plugin is used to convert
Geotiff Data into gltf format. Aspose.3D Conversion® is used for the translation
from gltf to stl format, allowing the topography to be opened in Rhinoceros3D
(Robert McNeel & Associates 2017c) and the format to be translated to Unreal
Engine (Epic Games 2020) readable format (fbx). Additional elements such as
trees, bushes, and significant objects are added and materialised manually
through the Rhinoceros3D (Robert McNeel & Associates 2017¢) and Unreal Engine
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(Epic Games 2020) workflow.

Regarding the static building visualisation, the Unreal Engine (Epic Games 2020)
isextendedwith custom C++code. GDALlibraryisused forloading allgeo-located
building footprints and their respective numeric building storeys provided by
"Mapas Bogotd®™™. If no spatial building measurements could be taken the
following method is applied: according to aggregated field observations, the
building footprints are extruded by the multiplication of a 2.4-metre building
height for the ground floor and 2.6 metres for all the subsequent floors, which
have additional height for the ceiling compared to the ground floor which has
its ground plate below ground level. Another observed specificity is that the
first floor (i.e. the second storey) on average overhangs the streetscape by
approximately 0.6 metres. Each consecutive floor, starting from the second
floor, was found to overhang the streetscape by an average of around 0.2
metres. Custom code relocates the buildings by their altitude to their respective
position in accordance with the topography by finding their intersection point.
The buildings are materialised and UV-mapped automatically with a selection
of common materials in the settlement, including boricks, corrugated steel, glass,
and wood. Windows, doors, railings, specific roof geometries, and terraces are
added and materialised manually through the Rhinoceros3D (Robert McNeel
& Associates 2017c) workflow and Unreal Engine (Epic Games 2020) framework.
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SPM and its embedding within EnerPol

| Zoning plans |

Input for EnerPol

Data Output framework

| Building regulations | Spatial policy model Geo-located Agent-based
(SPM) — || maximum building | [|| population model
| Cadastral plans | volume per plot (Marini et al. 2019)

Agent-based
traffic model
(Saprykin et al. 2019)

Figure 64: Schematic of the dynamic spatial policy model that is
integrated into the EnerPol framework.
Source: Michael Walczak (2020)

Proposed SPM methodology

Comparison to classical GIS approach

Rhinoceros3D (Robert McNeel & Associates 2017¢)

Depending which tool is used, QGIS (QGIS 2017; 2018)

% | and Grasshopper3D (Robert McNeel & Associates | is, for example, open-source
8 20170; 2017b) require a licence, Unreal Engine (Epic
Games 2019) has an open source-code
Allows for real-time 3D visualisation including Allows for 2.5D (without specific roof geometry, just
materialisation and lighting extrusion of building footprint) visualisation without
materialisation and lighting
Automated Manual work
12 hours' computation time for the task of this Approx. 1,200 hours for the same task
research implementataion step
3D comparison with existing building stock 2.5D comparison with aggregated and extruded
including all correct roof geometries such as building stock resulting in less accuracy
" pitched roofs
‘E 2D and 3D output in form of data which can be 2D output in form of data which can be read by
§ read by conventional CAD tools or game engines | conventional CAD tools

Adequate communication through
3D-visualisation (including materialisation and
lighting) in laymen terms

Communication through 2D maps or plots

Compatibility with further 3D analyses, such as
views and sunlight hours

Manual workaround is required to prepare files for
3D analyses such as views and sunlight hours

Instant visual and 3D feedback to changes in
input parameters

No instant visual and 2.5D feedback to changes in
input parameters

Embedded within broader simulation framework
"EnerPol”

Stand-alone framework

Table 04: Cost-benefit analysis between the proposed methodology
of the SPM and a more classical approach using GIS (Geographical
Information System) tools such as Q-GIS (QGIS Development Team
2018).

Source: Michael Walczak (2020)
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NC
a "Ordre non-contignu” = no "attached" buildings

STEP 01
Initial lot
101000.00 m? g
* 100.00
STEP 03
Maximum building footprint
ma

.64 / 4 = 0.16 max. footprint
10.000m? x 0.16 = 1.600m?
V1.600m? = 40m

********************

_

,,,,,,,,,,,,,,,,,,,,

subdivision until length limit is fulfilled

40m /2 = 20m

********************

+-20.00—

,,,,,,,,,,,,,,,,,,,,

STEP 07

Building 3D extrusion
max building height = 12.5m
max. building floors = 4

max floor height: 12.5m / 4 = 3.125m

STEP 02

Lot border distance
max. length (L) = 30m
L<24m =10m

L>24m =10m + ((L - 24) /5)
10m + ((30m - 24) / 5) = 11.2m

7

STEP 04

Maximum building length

40m exceeding length limit of 30m (see step 2)
max. .16

10.000m? x 0.16 = 1.600m?
V1.600m? = 40m

********************

-

,,,,,,,,,,,,,,,,,,,,

STEP 06

"Ordre non-contignu" = no "attached" buildings

if value ot specified the lot
distance gth s reduced to 20m,
the reduced value of 10m for the lot distance will be
applied and reduced accordingly (see step 2).

L
N

et
0

STEP 08

3D comparison with existing buildings
in grey existing buildings

existing buildings - new buildings = potential
“building surplus’

Figure 65: Building regulations from the Swiss commune of Ecublens
(VD): this specific example shows schematically the "Zone d'habitation
moyenne densité” (Medium density housing area) on the left and the
"Zone du village" (Historical centre area) on the right and how the

spatial policy model interprets this.
Source: Michael Walczak (2020)
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Figure 66: Using results of the LIDAR onsite measurements to inform
CFD simulations showing the turbulences and blockages/bottlenecks of
leeward natural wind flow, right after tall buildings with arrow colour
gradient from orange to red, blue arrows show undisturbed airflow.
The left image is showing a black frame in which the right image is
zoomed in. Both figures show exemplarily one horizontal section plane
on human eye level in the Marijin Dvor Area in Sarajevo. Black arrows on
the left image are showing the two main wind corridors through the
City of Sarajevo including the River "Miljacka" and the Street "Zmaja od
Bosne".

Source: Michael Walczak (2019)
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Figure 67: Framework to process dynamic data such as pedestrian
motion. User setup for spline, speed, start- and end-time, and location.
Automatised recognition of topography in relation to spline path.
Source: Michael Walczak (2020)
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4.5. Chapter 5: Step 3, Communication (iii)

i _Greeée
Bosnia and Herzegovina ;
s N~

The third step focuses mainly on citizen-centred design processes and the  Figure 68: Location and transferability
. . . . matrix, see chapter 3.2.

communication of data generated in step 1and evidence and results processed o rce: Michael Walczak (2021)

in step 2. This visual representation shall result in the making of more well-

founded decisions. We developed novel immersive, dynamic and interactive

visualisation techniques at the intersection of citizens, actors and stakeholders

from urban transformation processes (see figure 69). Exemplarily, we illustrate

this step with the case studies of Lausanne's agglomeration, the City of Sarajevo Suontitative P——
and Caracoli, a neighbourhood in Bogotd. We communicated:

(4.5.1) with quantitative tables, plots and maps identified evidence for the

agglomeration of Lausanne;

(4.5.2) with three-dimensional digital models simulated results for the City of

Sarajevo; and

(4.5.3) with customised game engine frameworks various scenarios in

qualitative four-dimensions for Caracoli, a neighbourhood in Bogotd. Quoltitative Case study

This step can be scaled and transferred to other contexts such as the 2nd district Eik?;gie‘g _jt“kem'der matrix, see

in Vienna due to the DIGITAL URBAN IMAGINARIES methodology (see figure 68). Source: Michael Walczak (2021)
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4.5.1. AGGLOMERATION OF LAUSANNE *2

A total of 29914 parcels in 30 municipalities within the whole agglomeration of
Lausanne were processed by the Spatial Policy Model (SPM) (see chapter 4.1.2.). A
total of 7,945 building parcels were identified within residential and mixed-use
zones, with a sum of approx. 600 hectares (6,095,368 m?) of potentially developed
building surface (see figure 70), in order to identify and filter 256 reasonable
and meaningful building lots for future development (see figure 70). Filtering,
in this case, meant considering the aspect of feasibility in architectural terms,
i.e. very narrow building lot and/or building volume is exactly the same or less
than the current building volume on this specific building lot. This results in an
additional densification of 381,034 m? in urban densification (i) and 933,114 m?
in brownfield redevelopment (ii) (see table 05). The additional densification is
calculated by subtracting the current existing buildings from the maximum
building surface within the building regulations identified by the SPM. The
current building regulations for the whole agglomeration of Lausanne mean
the acquisition of between one to a maximum of five floors. Nevertheless, the
potential of additional densification of ~38 hectares in (i) urban densification
of existing buildings is still significant. In case of political decisions not to take
greenfield or brownfield redevelopment into consideration, the potential is still
significant.

The City of Lausanne is already close to its maximum capacity. Aimost no more
new surfaces for development and/or densification can be built on under
the current building policies in the absence of either re-zoning or conversion
of industrial buildings - excluding refurbishment and/or optimisation of
current residential layouts. The impact and potential for densification is more
pronounced in the periphery of the agglomeration than in the city centre,
which brings the agglomeration of Lausanne into the development spotlight.
Exemplarily, 59 potential building lots were identified in the municipality of
Morges that could be developed either for (i) or (ii). Eleven potential building
lots were identified in the municipality of Pully. In contrast, a densification
coefficient (ratio of the current existing buildings to the maximum surface that
could be build on within the current regulatory framework: current state in m?
divided by the maximum m? permitted under building regulations) of just 0.12
(see table 06) was measured in Morges, whereas a higher densification ratio of
0.14 (see table 06) was assessed in Pully. This is due to the re-assessment of the
building regulations of the municipality of Pully, which accounts for the need to
accommodate the population increase in the coming years.

In any type of Swiss building development, each architect/planner is obliged
to stay within the rules of the building regulations excluding the strategy (iii).
This requires the careful study of these policies and a translation into a three-
dimensional geometrical representation of these regulations, similar to step 7
in figure 65. Such a three-dimensional representation (see figure 71) allows the
planner to compare the desired design with the requirements and to assess
whether it matches. Exceptions from the regulatory framework can be made
in rare cases, but in the case of Switzerland local communities and neighbours
need to be engaged in to be approved. Such a process of translating the
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building regulations into a three-dimensional geometrical representation
takes approximately ten minutes for each building lot, depending on the size
and complexity of the policy. If this time approximation were to be scaled up
to the amount of building parcels analysed in this study, this would mean a
total of approx. 1,200 hours compared to approx. twelve hours for the method
presented here (see table 04): The automated framework yields computation
that is up to two orders of magnitude faster.

4.5.2.CITY OF SARAJEVO

The power of data to inform urban policy, mainly when aggregated and
evaluated across municipalities (Avrami 2019) is inevitable. In this case, the
method of “evidence-based policy evaluation” (Avrami 2019) is the mentioned
collected and processed evidence from on-site measurements and observations,
correlated to other fields such as densification (research implementation step 1)
or daylight, then being translated into policy recommendations. Nevertheless,
we even used the "windRover" measurement vehicle itself as a medium/tool
of communication in the City of Sarajevo (see figure 73). We engaged and
sensitised local authorities and universities to show the vehicle's functionalities
in real-time and resulting evidence during the city's measurements. As policy
recommendations, we can conclude that each city needs to identify prevailing
wind corridors (see figure 74), and patterns including process/scenarios of
the built densification, building geometries, building heights, green and
water passages. These patterns and streams need to be visualised in a
three-dimensional or four-dimensional (time) DIGITAL URBAN IMAGINARY. The
municipalities' regulatory zoning frameworks need to adapt dynamically,
especially in terms of the building heights, building orientation, and porosity, to
prevent the described mismatch between the build and natural environments
such as climate and daylight. The zoning framework could identify potential
existing water streams that could be uncovered or preserved as well as green
corridors could be extended. Such policies should be accompanied by a primer
or manual, including all glossaries and planning recommendations. Also,
the digital content shall be in the form of geo-located data of such climatic
conditions such as wind measurements and radiation analysis, densification
and zoning scenarios; since we are already used to such inventories as in the
field of heritage with lists of historic monuments more than two centuries ago
(Avrami 2019). These datasets and recommendations have to be considered
very dynamically and never absolute or finished. It has to have a constant
iterative re-evaluation, re-assessment, and re-design built-in—a never-ending
process—due to our current climate conditions' very disruptive nature.

We have to create a culture of climate on a trans-scalar urban scale, a DIGITAL
URBAN IMAGINARY. A culture of climate responsiveness can only exist if we collect
knowledge and imaginations, similarly to the example, that the culture of TV
and radio can only exist as long as shows are collected and recorded (Debray
2003).
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4.5.3. CARACOLI NEIGHBOURHOOD IN BOGOTA

A dynamic real-time visualisation framework was developed. The simulations
and visualisations were run on multiple (six) CPU cores (9th Generation Intel(R)
Corei7(R) CPU 9750H clocked at 2.6 GHz) with 32GB of RAM. The GPU-accelerated
visualisation model runs on a single NVIDIA RTX 2070 with Max-Q Design and
8GB of RAM. The Unreal Engine version 28 (Epic Games 2020) is used as the
elemental visualisation framework.

The dynamic elements visualised within the visualisation framework comprise
the buildings, pedestrians/footfall, luminaire geometries, and photometric
characteristics. Each of these elements is further explained in the following
section.

In terms of the dynamic building visualisation, the time component in the form
of the historical growth (as documented in the household survey in the research
implementation step 1) and anticipated densification process (extrapolation
of historical data into future) of the settlement were translaoted into the
visualisation framework by tagging each building with its respective years of
storey construction and characteristics such as material or luminaire types. The
respective buildings with all their characteristics are visualised for the specific
year in which the user is navigating or is located.

Regarding the dynamic footfall visualisation, custom code allows for automated
adaptation of pedestrian paths to the topography through an extrusion of
multiple spline knots up to the moment of intersection with the topography
surface. These intersected spline points are then again connected together and
form the walking path of the footfall visualisation.

In input terms, it was necessary to import a geo-located spline as the path
of each individual "agent” (which in this case constitutes data in the form of
a detailed night-time participant observation sequence of five minutes) (see
figure 67), to set the pedestrian walking speed, and to set a start time. The
"agent” appears at the start time and disappears as soon as the sequence is
finished. The visualisation time-frame, in this case, 30 seconds, can randomly
start within the five-minute scenario sequence. The animated 3D characters,
including character geometry in the form of meshes and virtual skeleton of
bones, are from Adobe Mixamo.

The built-in Unreal Engine (Epic Games 2020) framework is applied to visualise
the physical and photometric lighting characteristics within the dynamic
environment, which allows for the use of three-dimensional photometric data
in the form of IES files for each luminaire. Nvidia RTX graphics card and Nvidia
CUDA technology enable real-time ray tracing to be used and more adequate
lighting and reflection results to be achieved. Custom code is applied for the
incremental upgrading of luminaires and the response of the luminaire in the
form of motion sensors.

The interactive visualisation (see figure 107) can be experienced through either
front-of-screen or virtual reality in the form of Oculus Rift/Rift S goggles. The
visualisation can be experienced either on a fixed/predefined path or open-
world. Where a predefined path is the input, it is necessary to provide a geo-
located spline on which the user can be guided and also enter the movement/
walking speed, as with the footfall visualisation framework. For an open-world
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3 Modified excerpt from:

Michael Walczak, Co-Authored with
David Michael Kretzer,

published as part of this dissertation
in: Athens Journal of Architecture.
Volume 6, pp. 1-29 [online pre-version,
fully available in 2021: volume 7 (2)].

Available online, 22 July 2020,
https://www.athensjournals.gr/
architecture/2020-3677-AJA-PLA-
Kretzer-Walczak-04.pdf; accessed
07.02.2021



setting, the user can navigate either with a standard gaming setting (“WASD" or
arrow keys) or with the Oculus joysticks (Oculus Touch). To experience the growth
of the settlement, the user can navigate through years by pressing a dedicated
keyboard or Oculus controller button. The respective year to which the user is
exposed is displayed on the virtual "cockpit”, graphical user interface (GUI).

Regarding the VE/VR framework, this study shows the feasibility of (1) a method
presented for the spatial and temporal documentation of rapidly changing
informal environments in VE, (2) the medium for visualising such data in VR, and
(3) the ability to generate lighting-specific features in multiple future scenarios
in VE/VR (see figure 77 - 83).

M Custom code enables state-of-the-art game-engine technology to
be enhanced with the capability to use temporal large-scale quantitative
as well as empirical data sets in an automated manner. This is primarily a
matter of visualising the historical as well as the projected future incremental
development of architectural structures and their changes in materialisation
terms. The output in the form of common planning documents such as sections
and plans can be further used in planning processes. The visualisation of motion
patterns of pedestrians in the form of animated human skeletons is a further
key concern.

(2) A custom graphical user interface (GUI) helps navigate the virtual
environment by displaying in text form the current year that is being visualised
or the tasks/functionalities that the user can access.

Based on state-of-the-art game-engine technology, a range of media can be
deployed to create visualisation output: in this case, VR. Since the output is a
visual one, the viewer can use this medium for a visual inspection of the content
displayed, for example, any types of pole and overhang collisions or lighting
non-uniformities. If the framework is documented, this presented workflow can
be used for future studies, scaled, and transferred to other contexts.

(3) Custom code allows the expansion of state-of-the-art game-engine
technology to accommodate dynamic incremental changes in luminaire types
and their geometries. Custom code allows for a dynamic response to user
behaviour in the form of additional lighting attributes such as motion sensors.
Since all of these parameters and attributes can be changed dynamically in the
form of a custom graphical user interface (GUI), the tool is particularly useful for
iterative design processes and scenario planning.

Figure 70: Top: All communes, lots, and selected zones in the whole
agglomeration of Lausanne (data provided by Administration
cantonale vaudoise (2017)). Each individual lot has to be superimposed
on the 30 different communes each with nine different zones to identify
the correct building regulation. Center: All 7.945 identified building
parcels and their respective size of development in m? in residential
and mixed use zones. Bottom: Filter of 256 reasonable and meaningful
building parcels, their respective size of development in m? and
development type (i) and (ii) in residential and mixed-use zones. The
inset shows the location of the focus area in relation to Switzerland's
cities.

Source: Michael Walczak (2020)
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Maximum Current
building - Additional
L. existing g e
m?2within o e . densification
- buildings in .
building m? inm?
regulations
(i) Urban densification 536,162 155128 381,034
(i) Brownfield 933114 0 933114
redevelopment
Total 1,469,276 155128 1,314,148
Table 05: Summary of processed building lots according to current
building regulations in the agglomeration of Lausanne. Results
compared with the actual building volume in order to identify the
additional densification potential in residential and mixed use zones.
Source: Michael Walczak (2020)
Maximum
building Cu.rr(.ent Additional . .
surface area existing T Densification
. o o g . densification . .
within building | buildings in inm? coefficient
regulations in m?
m?
Morges 154,847 17,885 136,962 012
Pully 31,596 4,421 27175 0.14

Table 06: Comparison between the maximum building volume under
the current building regulations and the current state of buildings for
the Swiss municipalities of Morges and Pully in residential and mixed

use zones.

Source: Michael Walczak (2020)

Figure 71: Further qualitative visualisation of different building
regulations in varying contexts and municipalities in the agglomeration
of Lausanne. Green roofs represent the reassessed buildings. Buildings
with red roofs symbolise the existing building stock within the context.
Source: Michael Walczak (2020)
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Figure 72: Transferability and scalability of the developed SPM method
from Lausanne's agglomeration to the whole canton of Zurich. The
map shows potential additional densification in sgm within the current
regulatory framework of the canton of Zurich. The white line is showing
the borderlines of the Swiss cantons and to Germany. The method was
also applied successfully to the whole canton of St. Gallen.

This figure is not part of the published journal paper 3.

Source: Michael Walczak (2020)
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Tuzla
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Faculty of Islamic Sciences
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The Agreement on

Figure 73: "windRover" vehicle as the medium of communication and
engagement with local authorities and universities within Sarajevo.
Presenting the "windRover" to the Swiss ambassador in Sarajevo, the
rector of the University of Sarajevo and the local team involved in the
project.

Source: ETH Zurich, Chair of Architecture and Urban Design, Prof.
Hubert Klumpner, University of Sarajevo (2019); https://www.unsa.ba/
en/novosti/cooperation-between-eth-zurich-and-university-sarajevo-
urban-transformation-project; accessed 18.12.2020
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Figure 74: 3D graphic of the exemplary location of three dimensional
LIDAR wind measurement within the City of Sarajevo boundaries,
topographical height comparison with the City of Zurich and different
zoning explanations.

Source: ETH Zurich, Chair of Architecture and Urban Design, Prof. Hubert
Klumpner, Melanie Fessel and Michael Walczak (2019)
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Figure 75: Digital projection on a physical model during the Cartagena Winterschool at ETH Zurich
Chair of Architecture and Urban Design, Prof. Hubert Klumpner.
Source: Clearhos Papanicolaou (2018)

-

S0m

Figure 76: Section of the case-study street documented in 2019
showing the topography, buildings with their respective color-coded
construction years, and the location of formal lighting. This planning
document was produced via automated means using the Unreal
Engine and the Rhinoceros3D framework.

Source: Michael Walczak (2019)

Night-time

Figure 77: The Unreal Engine framework allows daylight simulation in
comparison to the night-time lighting conditions.
Source: Michael Walczak (2020)
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Figure 78, 79 and 80: Sample situations from the real-time VE simulation over time displaying the
environment, the vertical building densification, and the footfall. The "2012" image, for example,
clearly illustrates the delay of formal luminaire provision in the upper part of the settlement that had
been already covered with informal dwellings in 2010.

Source: Michael Walczak (2020)
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Current lighting policy

Alternative lighting policy phase 1

Figure 81, 82 and 83: Scenario-based decisionmaking visualisation for a multitude of different options,
in this case the current lighting approach in the case-study street as a "seven-metre-wide street with
four storeys scenario”, versus the two-phase alternative lighting approach. All of the scenarios include
temporal data such as densification and footfall. Visual inspection illustrates not only the lighting
effect, but also enables detection of how the light column collides with the fourth storey (see figure
on "current lighting policy”

Source: Michael Walczak (2020
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4.6. Chapter 6: Step 4, Measuring (iv)
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To assess the impact of the developed technology and all its methodology on  Figure 84: Location and transferability
matrix, see chapter 3.2.

the citizen-centred design processes engagement metrics, we chose several (/-0 Walezak (2021)

techniques to measure the shifting baseline in human percept using DIGITAL
URBAN IMAGINARIES:

(4.6.1) acitizen engagements platform; and
(4.6.2) the ratio in perception change of subjects for the case of Bogotd and
Cape Town.

4.6.1. MEDIATING: CITIZEN MAPPING Quantitative Policy

One of the methods used in this dissertation is exchange and engagement
with a multitude of different actors and citizens from different fields and
professions, including engineering, social science, design, architecture, urban

planning, and private and public institutions (see figure 84). We embedded this
research within four various institutions including the Department for Special
Topics in Architecture Design at the University of Applied Arts Vienna (STARCH),
the Urban Research Incubator (URI) at the Institute of Science, Technology and

Qualtitative Case Study

Policy at the Swiss Federal Institute of Technology in Zurich (ISTP), the Chair for

Architecture and Urban Design at the Swiss Federal Institute of Technology in Fik?urf 855 ;to'kem'dermot”x' see
. . . chapter 3.3.

Zurich (LUS), and the Laboratory for Energy Conversion at the Swiss Federal  source: Michael Walczak (2021)

Institute of Technology in Zurich (LEC).
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Each of the four different institutions mentioned has a particular role, such as
STARCH for the leading role in this doctoral research as well as the qualitative
part of art and media theory, LEC for the quantitative role of technology
development, LUS for the provision of case studies and their locations, and
ISTP for the role of a stakeholder network from governmental bodies and
their part in policymaking. Although some positions are repeated in the other
affiliations, each has a particular focus as discussed. One way to cooperate and
communicate between such a diverse group of actors was the medium of the
digital model and visualisations (see figure 75). Visualisations “help to address
collaborations across different actors” (Sirianni and Girourd 2012) (see figure
86) and also help to better understand interests, opinions, aspirations and to
frame policy issues by visualising different scenarios, trying ideas, and easily
changing them (von Heland et al., 2016).

All of the actors related to this dissertation (see figure 85 and 87), as well as
survey participants, are spread, conflated, and interlinked throughout those
four institutions, or hold external or aoffilioted positions. The main driver
behind this extensive stakeholder engagement is, “[..] Nietzsche's account
of how knowledge emerges by moving something from the domain of the
unknown or stranger into that of the known or familiar (Bottazzi 2020)". Such
"moving” - in Nietzsche's terms - from one domain to another requires the
role of the mediator. The mediator takes on the part of a translator since he
or she understands the different glossaries and the "professional” languages
of the various actors. The language concept also includes the way in which
the appropriate medium for communicating between actors is selected. The
medium can be either a visual or non-visual form of communication such as
qualitative images, film, and graphics or quantitative texts, numbers, and
plots. Scenarios with a set of boundary conditions and parameters that can
be tweaked and manipulated by “both" parties can be compelling and goal-
oriented. We can perform a multitude of such scenarios iteratively and assess
and evaluate their performance. New knowledge is created and emerges at
this "in-between" position of the mediator - a sort of hybrid of both worlds,
which is also represented by this dissertation. The mediator has a potent “tool”
in their hands since they can change the perception of “both" sides and facilitate
decisionmaking processes based on simulated evidence or knowledge. As a
result, this improves the cost and time efficiency of the process.

The "digital model” methodology presented within this dissertation allowed
us to effectively communicate with 73 individuals from six broad disciplines
embedded within four institutions on a daily basis as well as more than 30
policy stakeholders and more than 300 survey and interview participants from
three different continents. Depending on the content and location, the group of
stakeholders was dynamically changing.
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Figure 86: The core team with the
Swiss ambassador in Colombia
during the exhibition opening
ceremony. The exhibition took place
for 44 days from 29.08. until 1110.2019.
It was part of the show “ciudad

isla” and located in the Museum of
Architecture "Leopoldo Rother” at
the National University of Colombia
Campus in Bogotd.

Source: National University of
Colombia (2019)
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Figure 87: The graphic is showing all close/relevant actors and
stakeholders during the dissertation. We grouped the stakeholders
within the four involved institutions and colour coded between various
disciplines. The central core is further distinguished.

Source: Michael Walczak (2020)
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4.6.2. SHIFTING BASELINE

In the following chapters, we measure in the location of Cape Town and Bogotd
if DIGITAL URBAN IMAGINARIES impact the opinion made by citizens and how
it affects their current baseline. We will apply our methodology of “immersion
elicitation”. This technique will stimulate discussion or reflection in interviews
and elicit responses from study participants using DIGITAL URBAN IMAGINARIES
with the medium of VR.

4.6.2.1. CAPE TOWN: GENERAL AUDIENCE 34

At Cape Town location (see figure 88), we established whether it is possible
to elicit lighting preferences from the local population in the informal
settlement using the technique of DIGITAL URBAN IMAGINARIES advanced in
the dissertation. We undertook this research in collaboration with Stephanie
Briers. The study took place in Cape Town, South Africa, in March 2019. A total of
90 participants from the second largest township in South Africa, Khayelitsha
in Cape Town,* participated in this study. The study location was the office of
the non-governmental organisation “Social Justice Coalition” (SJC) located
in Khayelitsha. SJC assisted in the recruitment of all of the participants since
local trust by the community leaders of each neighbourhood was required. SJC
selected participants spread well across all different areas within Khayelitsha.
The study demographics consisted of 36 percent male and 64 percent female
participants subdivided into age groups of 18 to 24 (41 percent), 25 to 34 (18
percent), 35 to 44 (27 percent), 45 to 54 (7 percent) and 55 to 64 (7 percent).

Half of the participants completed the image-based survey; and the other half,
the VR-based survey. None of the participants participated in both studies. The
process conducted for the study was similar for both groups of participants -
image-based and VR-based. To start with, a training workshop (see figure 89)
introduced the participants to the research topic and the necessary technical
skills. Second, the survey phase was performed as a baseline on a tablet
interface, as explained below. The third step saw the participants complete the
actual image or VR choice experiment, as described below. Compared to the
image-based survey, the VR included six test scenes, meaning three options,
to introduce each participant to the features of VR. This scene required the
participant to identify when a cube geometry was visible so as not to prime
the participants with results from the test scenes. Last, the participants redid
the tablet survey with some additional questions to observe if any perception
change was visible.

The first - pre-experiment - tablet survey determined the participant's current
perception, behaviour, and attitudes towards the night-time situation and
corresponding lighting. The second questionnaire asked the participants if they
would prefer high mast lights, pole-mounted lights, or street lights. Towards
the end of the second questionnaire, we asked participants about the drivers
for their decisionmaking regarding safety, night-time activities, or vandalism.

Inbetweenthetwo surveys, we asked the participants to proceed withthe choice
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3Partly presented during the
"Interuniversitarian PhD Colloquium”
at Kunstuniversitdt Linz on the
18.10.2019; see chapter 8.7.

¥ http://www.sikhulasonke.org.za/
about-khayelitsha.html; accessed
01.04.2019

Figure 88: Site selection identification
and emphasis through the
engagement of the Empower Shack
project in Khayelitsha, Cape Town.
Source: Urban-Think Tank, Alfredo
Brillembourg & Hubert Klumpner,
http://u-tt.com/project/empower-
shack/; accessed 13.02.2021

Figure 89: Introduction of the survey
to participants at the venue in
Khayelitsha, Cape Town.

Source: Michael Walczak (2019)

Figure 90: Opensource data from
OpenStreetMap for Knayelitsha, Cape
Town.

Source: openstreetmap.org; accessed
15.12.2020
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Figure 91: Graphical User Interface (GUI) for Khayelitsha, Cape Town.
Source: Michael Walczak (2019)
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Figure 92: Survey venue in Khayelitsha, Cape Town with VR survey participants experiencing the GUL
Source: Michael Walczak (2019)
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experiment, requiring them to walk virtually along the informal settlement,
either with VR or via an image consisting of the same path redesigned with
different types of light infrastructure as explained in the following chapter.

Inthe second survey directly following the VR/image-based experience, we used
a post-experiment tablet survey to ask respondents the same questions as at
the beginning to understand whether any perception change had occurred or
to deduce what they retained from the experience. Additional items were asked,
such as how the usage of VR added to their experience of making decisions
regarding lighting or if any learning process regarding lighting had taken place.

The whole choice experiment consisted of 72 images/VR clips, resulting in 36
choices (see figure 93) to be made by each participant: three different light
types (high mast light, pole-mounted light, and wall-mounted light) each
consisting of three different light temperatures (2000 kelvin warm light, 4000
kelvin neutral light, and 6000 kelvin cold light) resulted in nine different light
scenarios.

Game engine technology was used for this research design to visualise each
lighting condition as accurately as possible. In this particular case, we used
the Unreal Engine (Epic Games 2020) because of its capacities for much more
accurate visualisation of light and shadows, including high-end graphics, as
compared to other game engines like "Unity"* We had to generate many light
solutions and scenarios for both the VR and the image-based scenario. Game
engines were predestined to be used because of their real-time computation of
visualisations and GPU technology use. We extended the default game engine
capabilities to allow for the import of geo-referenced data (see figure 90) so
we could accurately construct the informal settlement environment in 3D with
the precise location of the existing high-mast lights (see figure 91). We defined
the location of the wall-mounted lights by the location of the entrance door to
each housing unit. Policy and regulations from the Public Lighting Department
of the City of Cape Town were applied to the pole-mounted light solution.
Photometric data (“ies" files) needed to be collected and imported into the
game engine environment to visualise each different light type accurately.
Photometric data includes the exact spatial light distribution and light intensity
of the specific light. As Maheshwari et al. (2016) describe, VR helps to address in
particular the missing eye-level perspective in traditional 3D models and design
drawings such as plans and sections, which produces a better understanding
and communication for the subjects/participants.

The image survey was set up on nine tablets (see figure 94 and 95). The subjects
observed two images simultaneously and had to choose which one they would
prefer by clicking on the image. Each participant received a random order of
images to level out factors such as tiredness throughout the survey. None of
the scenarios shown was further described or labelled with the current lighting
situation so as not to bias the observer/subject. The same procedure was
applied to the VR-based survey.

The physical set up of the VR experiment (see figure 92 and 98) involved two
VR trainers, two head-mounted units (Oculus Rift), two PCs, and two display
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Figure 93: Selection of different light-
ing scenarios.
Source: Michael Walczak (2019)
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Figure 94: Exemplarily tablet page
of the image survey comparing two
images.

Source: Michael Walczak (2019)

3 https://sundaysundae.co/unity-vs-
unreal/; accessed 03.04.2019

Figure 95: Survey venue in Khayelitsha,
Cape Town with participant
experiencing the image survey.
Source: Michael Walczak (2019)
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Figure 96: Chart showing the comparison between choices made in the
Image experiment vs the VR experiment, in absolute numbers.

Figure 97: Chart showing the difference in percent between choices
made in the Image experiment vs the VR experiment.

K3, H3 = 6000 Kelvin, Cool light, Pole mounted lights.
K2, H3 = 4000 Kelvin, Neutral light, Pole mounted lights.
K1, H3 = 2000 Kelvin, Warm light, Pole mounted lights.

K3, H2 = 6000 Kelvin, Cool light, High mast lights.

K2, H2 = 4000 Kelvin, Neutral light, High mast lights.

K1, H2 = 2000 Kelvin, Warm light, High mast lights.

K3, H1 = 6000 Kelvin, Cool light, Wall-mounted lights.
K2, H1 = 4000 Kelvin, Neutral light, Wall-mounted lights.
K1, H1 = 2000 Kelvin, Warm light, Wall-mounted lights.

Source: Michael Walczak (2019)
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monitors for viewing the videos as we guided the participants through the
township (see figure 99). We rented the two stationary PCs in Cape Town,
which included a powerful enough GPU to run VR. We installed the necessary
visualisation framework that we developed in the frame of the dissertation.
The VR experience was set up as a 360-degree video with no steering, walking,
or movement control. Each clip had a length of 18 seconds along a path of 15
meters, which takes into account the three seconds before the "walk" starts;
the actual route is 15 seconds long based on a natural walking movement of
one metre per second. 18 seconds in 72 clips adds up to a total of 21.6 minutes,
without adding the time needed for each participant to make a decision. A
similar approach to survey design in terms of the set of choices and the sample
size was used by Valencia-Romero et al. (2017), which served as a reference for
this study, as not many VR experiments have been performed or published,
especially not in informal urban conditions. The small sample size results from
the difficulty in obtaining subjects from the context of informal settlements
and/or townships.

Nevertheless, Patterson et al. (2016) describe the increased effectiveness,
significance, and better-focused attention from respondents using the VR
technology, which justifies the evaluation of such technology in informal urban
conditions. VR has made its way into the research-method toolbox (Kuliga et
al. 2015), albeit not in informal urban situations and with participants from
township neighbourhoods. This research gap opened up a huge opportunity
to experiment with research of this type. At the same time, it is also a step
towards understanding whether VR is a compelling means of communication
that impacts public perception.

Images result in much more extreme preferences than with VR, and therefore
preferences in the image survey do not match the preferences in VR survey.

Since images focus on one specific angle and viewpoint that we force the
researcher to choose, it is not inevitable that the aspects that influenced the
survey participants to make certain decisions can be identified. As a researcher,
itis not easy to choose a meaningful viewpoint as compared to VR, where many
conditions can be shown and observed. This is also apparent from the results
of this study, where images offer much more extreme preferences than with VR.
As an example, in the images, we showed the pole-mounted light solution that
depicted an appropriate light solution in this specific image frame, but looking
at it in a spatial setting with VR revealed that the luminaire did not light some
areas appropriately. The VR participants thus preferred the wall-mounted
solution, which has a much more homogenous light distribution.

When comparing the results from the image-based survey to the VR-based
study, we can observe a significant difference in the decision made by the
participants, especially with the high-mast and pole-mounted lights (see figure
96 and 97). We can see three trends: the preference for the wall-mounted light
solution remains the same; the high-mast receives a positive upward trend in
VR, whereas the pole-mounted light was rated more negatively using VR. This
phenomenon could be due to the lighting uniformity of the wall-mounted
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Figure 98: Survey venue in Khayelitsha,
Cape Town with VR survey partici-
pants.

Source: Michael Walczak (2019)

Figure 99: Pole mounted light with
2000K light temperature on top and
high mast light with 4000K light tem-
perature at the bottom.

Source: Michael Walczak (2019)
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Figure 100: Opinion on pole-mounted lighting. Chart showing the dif-
ference in an opinion made before the VR or image choice experiment
and directly afterwards, in percent, resulting from preference asked
through survey questions.

Source: Michael Walczak (2019)
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Figure 101: Opinion on high-mast lighting. Chart showing the difference
in an opinion made before the VR or image choice experiment and
directly afterwards, in percent, resulting from preference asked through
survey questions.

Source: Michael Walczak (2019)
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Figure 102: Opinion on wall-mounted lighting. Chart showing the dif-
ference in an opinion made before the VR or image choice experiment
and directly afterwards, in percent, resulting from preference asked
through survey questions.

Source: Michael Walczak (2019)
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Figure 103: Average opinion on high-mast, wall- and pole-mounted
lighting. Chart showing the difference in an opinion made before the
VR or image choice experiment and directly afterwards, in percent,
resulting from preference asked through survey questions.

Source: Michael Walczak (2019)
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Figure 104: Participants evaluation of helpfulness and improvement of
understanding using the DIGITAL URBAN IMAGINARY methodology, in
percent.

Source: Michael Walczak (2019)

solution, which was visible in both the image and VR based survey. The other
solutions showed a significant visual difference, especially while looking into
narrow side streets, which the images could not provide since they only point in
one predefined direction.

Images result in a more significant perception change than with VR.

We can assume that a similar argumentation applies to the more significant
perception change inimages than in VR as we saw with the extreme preferences
above.The VR experience visualises a much more natural and spatial experience
and therefore matches participants' initial perception and understanding of
the lighting. VR resulted in up to a 30 percent perception change compared
to the subject’s initial opinion. Light visualisation through one static image
can result in perception distortion on the part of the participants. Images
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Figure 105: Evaluation of "BOGOTA: GENERAL AUDIENCE" study (see
chapter 4.6.2.2.). The second category of the survey questions was
focusing on the opinion of particular statements and if participants

"o won "o

would "totally agree”, "agree”, "partially agree”, "neither/nor",
"sometimes disagree”, "disagree” or “strongly disagree”. The figure is
showing the percentual change in responses after seeing VR compared
to just before seeing VR.

Source: Michael Walczak (2020)
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Figure 106: Evaluation of "BOGOTA: GENERAL AUDIENCE" study (see
chapter 4.6.2.2.). The third category of the survey questions was focusing
on currently relevant topics within the context of Bogotd, namely:
public transport, housing, spatial segregation, urban fragmentation,
security in public space, quality of public space, the deficit of public
space, protection of heritage and regional development of the
Bogotd metropolitan area. We asked the participant before and
after the VR exposure to rank order (on a scale between 1to 10) these
topics according to their importance and relevance for the urban
development of Bogotd in the next ten years.

Source: Michael Walczak (2020)

assume one specific light scenario - which can be either good or bad - but the
viewer extrapolates that this particular view applies in any situation, which is
not the case. The perception change for images resulted in up to 50 percent
compared to the subject's previous perception (in one specific case even up to
100 percent, which is not entirely justifiable) (see figure 101 - 103). As with the
VR, the visualisation dome (Gawlikowska et al. 2018) was evaluated in terms of
the perception change of the individual subjects - in this case, the acceptance
of offshore wind parks. Compared to VR, the visualisation dome had a very
insignificant impact.
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Figure 107: Real-time building geometries including pedestrian
simulation, lighting and topography for Bogotd, Caracoli.
Source: Michael Walczak (2020)
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ractiva en fiempo real de diferentes
en la experiencia del usuario que

o parte de la investigacion, se rea-
entrevistas a los participantes de la

Figure 108: DIGITAL URBAN IMAGINARIES as the initiator for a “citizen-
centred design processes” exchange platform. Here, the virtual reality
experience of the whole City of Bogotd, made accessible as part of
the exhibition ‘ciudad isla’ and located in the Museum of Architecture
'Leopoldo Rother’ at the National University of Colombia Campus in
Bogotd with more than 200 citizens participating.

Source: Michael Walczak (2019)
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In the comparison of VR and the image-based experience, both displayed a
similar increase in understanding during the decisionmaking process and an
increase in the learning factor.

For the participants, the exposure to either VR or images strongly supported
them in making decisions in both cases, with up to 80 percents of participants
(see figure 104). Both resulted in substantially more confidence and trust in
the ultimate decision made. A similar trend is visible in the participants' self-
evaluation of the learning factor.

Qualitative observations during VR and image experience

Observing 90 participants during their image or VR experience did show that
images are not evoking any oral emotion or feelings during the decisionmaking
process. In contrast, VR makes people comment and speak about their opinions
and emotions. Participants were not asked to think aloud (Maheshwari et al.
2016), to instead focus on the scene and their decisions, but VR evoked naturally
a "think aloud" behaviour. If any think-aloud behaviour occurred, it was
noted and considered as a qualitative observation. Some examples of longer
comments were: "I feel very safe now", “The light is very bright, I like it", "The
light is very easy to reach and people would vandalise it", "I am in an informal
settlement” and "I feel not so good now, I feel unsafe”. This more significant
focus is also visible in the much faster decisionmaking process during the image
survey than during the VR survey. Nevertheless, nine females and four male VR
participants experienced motion sickness and had to stop their experience and
continue watching the study on the screen. During the image experience, there
was no experience of any motion sickness or similar issues.

4.6.2.2. BOGOTA: GENERAL AUDIENCE

To evaluate the DIGITAL URBAN IMAGINARIES communication technique
advanced in this this dissertation (see chapter 4..), which is informed by
the method of collection and processing (see chapter 3.3.), the method of
“immersion elicitation” was used along with quantitative survey techniques
to measure percept change. We conducted this research in collaboration with
David Kostenwein. The experiment took place during 44 days from August 29
to October 11, 2019. It was part of the “ciudad isla” exhibition and located in
the "Leopoldo Rother” Museum of Architecture at the National University of
Colombia Campus in Bogotd (see figure 108). A total of 203 participants took
part in this study. The study demographics consisted of 62 percent male, 35
percent female and 3 percent other participants subdivided into age groups
of under 18 (2 percent), 18 to 34 (87 percent), 35 to 54 (7 percent), and 55 to 84
(4 percent). 58 percent of the participants were students, 11 percent without
occupation, 11 percent others, 10 percent private industry, 8 percent educational
entities, and 2 percent governmental bodies.

Each participant experienced the interactive visualisation through virtual reality
in the form of the Oculus Rift S Head-Mounted Display (HMD) (see figure 111). The
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Figure 109: The data structure for the
VR experience in Bogotd, including
buildings (red) and topography
(white to grey).

Source: Michael Walczak (2019)

40% Gated Communities in Bogota

Figure 110: Different scenarios of
gated communities projections in
Bogotd experienced in VR.
Source: Michael Walczak (2019)



experiment set included a screen to mirror the content of the user exposed to
virtual reality. The participants experienced the visualisation through an open-
world, in this case, the whole City of Bogotd (see figure 109). The user navigated
(moved forwards, backwards, and sideways) using the Oculus Joysticks (Oculus
Touch). Pitch, jaw, and roll are responsive to the head movement of the HMD. To
be able to reach any place within the City of Bogotd within a reasonable amount
of time, we introduced a “flying" function. Flying the user was much faster
compared to the "eye-level” walking perspective mode. As long as the flying
mode is activated, essential landmarks in the form of pins and text are displayed
for orientation. When the participant reached their desired destination, we
introduced the "landing” function, and the participant could explore the built
environment from an eye-level perspective. Within this "eye-level” perspective,
the participant could choose between multiple scenarios. We based the
strategies on research around gated communities since Bogotd's share of such
typology is about 40 percent of its city fabric (see figure 110). Kostenwein (2021)
identified four central gated community typologies which we used forthis casein
the form of architectural form and shape. We manipulated the different shapes
of each typology to fit different lot geometries. The participant could toggle
through four scenarios by pressing a dedicated Oculus Controller button, these
being 40 percent of the share of gated communities within the fabric of Bogotd
(approximately the current state), 60 percent, 80 percent and 100 percent (the
last three scenarios extrapolate the past development speed). The distribution
of the gated communities in the extrapolated scenarios is generated randomly
by custom code. The virtual "cockpit” displays the respective share of gated
communities we expose the user to in the form of text.

We trained four research assistants (see figure 112) to maintain the experiment
setting, introduce and assist the participants, and conduct the interviews. Each
participant was required to undergo the same procedure. Each participant
had to participate in a survey before and right after the VR experience.
The survey questions were in Spanish. The exposure was not limited to the
immersive experience itself since a qualitative interview was performed once
the participant decided to stop the experience and concluded the survey.

The survey included three categories of questions. The first focused on more
general and broad questions such as age, gender, place of habitation, socio-
economic status, place of work as well as more specific questions such as:

M Have you ever used virtual reality (104 answered with "yes" and 98
answered with "no")?

2 Have you ever used interactive virtual reality (where you can influence
the virtual environment) (46 answered with "yes" and 54 answered with "no")?
3) Have you ever used a free-world virtual reality experience (where it is
possible to go anywhere in the environment and not merely via a predefined
route) (25 answered with "yes" and 79 answered with "no")?

The second category of the survey questions focused on the opinion of particular
partially agree’,

"o "o

statements and if participants would “totally agree”, "agree”,
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Figure 111: Exhibition visitors in Bogotd
experience VR.
Source: Michael Walczak (2019)
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Figure 112: Help assistants guiding

in VR survey. Exhibition setting in
collaboration with David Kostenwein
from the Urban Research Incubator
at the ETH Zurich Institute of Science,
Technology and Policy. The exhibition
took place during 44 days from 29.08.
until the 11.10.2019. It was part of the
show "ciudad isla” and located in the
Museum of Architecture “Leopoldo
Rother” at the National University of
Colombia Campus in Bogotd.
Source: Michael Walczak (2019)



"neither/nor", "sometimes disagree”, "disagree”, or "strongly disagree”. In
order not to bias the participants, only questions about gated communities
were asked and not about VR itself. We chose the topic of gated communities
because currently 3,500 gated communities in Bogotd are home to close to
40 percent of Bogotd's population and have constituted the dominant form
of (formal) housing provision since the year 2000. They shape the streets of
the neighbourhoods with more than 1,360 km of fences and walls (or roughly
the distance between Santiago de Chile and Montevideo, crossing the entire
continent) (Kostenwein 2021). The survey statements were the following:

(M gated communities contribute to safe public spaces;

2) gated communities contribute to the segregation of the city;

(3) gated communities help strengthen community ties;

4) gated communities contribute to urban fragmentation;

(5) gated communities affect the use and quality of streets and public
spaces in Bogotd;

(6) gated communities change the way public space is controlled and
managed;

(7) gated communities contribute to the privatisation of public spaces;
(8) gated communities presenta great problem forthe urban development
of Bogotq;

9 Bogotd should seek to restrict the construction of gated communities

through urban regulations and standards;
(10) the market should decide how the city develops;

(1) if residents want fences, they should be allowed to build them;

(12) gated communities are at the moment the best solution to lack of
security;

(13) public spaces such as parks and platforms surrounded by fences and
walls are uncomfortable;

(14) public spaces are strongly influenced by the surrounding built
environment;

(15) public spaces should be open to all citizens;

(16) public spaces should be free of informal business;

(17) public areas around gated communities are safer; and

(18) streets surrounded by gated communities are used differently than

roads that are not.

As a result, it is particularly visible that participants have a much more
pronounced opinion after being exposed to VR. Especially answers like "partially

"on

agree’, "neither/nor" or "sometimes disagree" were reduced significantly by
up to a factor of 3.5 (see figure 105). These answers create polarisation: an
increase of the more pronounced responses such as "totally agree” or "strongly
disagree”. We might justify this polarisation phenomenon by clarifying the topic
presented and due to the lack of understanding of how the research introduced
the issue to date. We can make the following observations to the responses to

such statements:

The participants have a more definitive decision after seeing VR. Approx. 36
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percent fewer participants choose the "neither/nor" option. 20 percent fewer
“partially agree” and 13 percent less "sometimes disagree” decisions, which
results in a more substantial "totally agree” (22 percent), "agree” (7 percent),
"disagree” (5 percent), and “strongly disagree” (8 percent) decisionmaking
change compared to before viewing the VR.

The third cotegory of the survey questions focused on currently relevant
topics within the context of Bogotd, namely public transport, housing,
spatial segregation, urban fragmentation, security in public space, quality of
public space, the deficit of public space, protection of heritage, and regional
development of the Bogotd metropolitan area. We asked the participants
to rank these topics in order of their importance and relevance for the urban
development of Bogotd over the next ten years. By looking at the evaluation of
the response, we can observe that VR has a minor impact on the perception of
prejudiced and biased opinion (see figure 106).

We can conclusively say that VR can impact perception, particularly while asking
direct questions. If participants have to rank themes or topics, they tend to stick
to their pre-existing point of view and are not influenced by external forces such
as VR.

TRIANGULAR POLE
CONFIGURATION

Figure 113 and 114: Current lighting policy for the City of Cape Town,
in this case, for high-mast single- and triangular pole configuration.
The policy is not considering any environmental context (buildings,
topography or vegetation). Its initial situation is a plane surface.
Source: City of Cape Town (2019)
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4.7. Chapter 7: Policy Exploration

The seventh chapter is exploring the developed methodology's potential
to be scaled and transferred to policymaking with specific use cases such as
public lighting. We present a qualitative interview with local policymakers in
Cape Town and in Bogotd, and a theoretical review of agendas such as the
sustainable development goals. The "immersion elicitation” method is used to
stimulating discussion or reflection in the following interviews of focus group
situations.

4.71. CAPE TOWN: SPECIFIC AUDIENCE WITH POLICYMAKERS

We ran this workshop in collaboration with Stephanie Briers on March 19, 2019.
Policymakers from the City of Cape Town's "Public Lighting Development” and
"Transmission System Development” departments participated.

The workshop included a setup similar to that described in chapter 4.6.2.1.
The policymakers were virtually exposed to the current night-time lighting
conditions - consisting of high-mast lights - in the PJS settlement in Khayelitsha,
Cape Town, as well as multiple alternative scenarios for night-time lighting
solutions.

The main take-away messages were that the City of Cape Town currently
plans all its lighting on a planar surface without considering the environment,
including built structures and topography. This information is communicated
either through a text format, table, or a two-dimensional plan. Among other
technical specifications concerning lighting, current lighting policy merely
recommends the maximum diameter that a lighting solution is required
to illuminate in spatial terms (see figure 113 and 114). Any vegetative or built
elements that may be in the way and block lighting penetration do not inform
the evaluation and assessment of the choice of lighting solution.

After the exposure to the DIGITAL URBAN IMAGINARY, a qualitative interview
revealed that policymakers were not aware of the shortcomings entailed
by the current lighting solution and lighting policy (see figure 115). Given the
inaccessibility of specific neighbourhoods and settlements, some of the actors
interviewed had never actually visited these settlements, let alone at night.
Policymakers said that the DIGITAL URBAN IMAGINARIES could help expose them
to these contexts without having to physically be there - not only in terms of
future anticipated scenarios but also for the current status quo.

4.7.2. BOGOTA: SPECIFIC AUDIENCE WITH POLICYMAKERS

We did this research in collaboration with David Michael Kretzer. On July 23,
2020, a qualitative and remote policy outreach workshop with interview
was conducted with stakeholders from Bogotd. We used "Zoom" as the
communication platform. The participants included David Kostenwein as a
translator from German/English to Spanish and vice versa and the "Unidad
Administrativa Especial De Servicios Publicos, Subdireccion Servicios Funerarios y
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Figure 115: Policymakers from the
public lighting department in Cape
Town experiencing VR.

Source: Michael Walczak (2019)

Figure 116: DHL tracking of VR goggles
sent from Zurich to Bogotd for the
policy event.

Source: Michael Walczak (2020)

Figure 117: Zoom online meeting
with Colombian policymakers using
low-tech VR goggles to immerse into
different lighting scenarios.

Source: Michael Walczak (2020)



Alumbrado Publico, Bogotd (UAESP)" and the “Secretaria Distrital de Planeacion,
Bogotd (SDP)" as policy stakeholders from Bogotd. Both institutes are working
on the topic of public lighting in Bogotd with a particular focus on policymaking.
The goal of this outreach was to identify if VR could be a useful tool for policy
communication and lighting planning.

VR goggles were posted (see figure 116) in advance to each of the different
mentioned stakeholdersto allow a fullyimmersive VR experience. The VR goggles
were simple, low-cost goggles into which a conventional smartphone could be
inserted to enable us to display immersive content (see figure 117). This method
allowed access to such technology and communication techniques even from a
distance. Travel restrictions, as well as hygiene and social-distancing measures
caused by the then ongoing COVID-19 pandemic, also amplified such a
situation. The content displayed was provided through the "YouTube" platform
(see figure 118), which allows for 360-degree VR content to be uploaded and
displayed (see video 03).

In conclusion, VE/VR turned out to be a useful tool to communicate current
and alternative policy scenarios to policymakers - mainly to communicate
technical aspects to various authorities, laypeople, and the informal context to
outsiders. VE/VR constitutes a suitable medium for policy documentation and
post-meeting exploration.

The following VE/VR advantages were particularly appreciated: no technical
knowledge required to understand the problem, close to reality, different
perspectives possible, different scales ranging from an individual building
to a whole city, fictitious scenario planning, more dynamic including moving
people, vehicles or densification of buildings, and the continuation of lighting
planning during COVID-19 restrictions. Besides the qualitative visualisation,
the stakeholders from Bogotd recommended that it would still be necessary
to complement the visualisation with quantitative evaluation in the form of
figures or plots.

In the appendix (see chapter 8.1.) we can view a more in-depth conversation
with extracts relevant to the topic of this doctoral thesis. We translated the
interview from the original language of Spanish.

4.7.3. SUSTAINABLE DEVELOPMENT GOALS (SDGs)

Inthe following chapter, we correlate the impact of the developed methodology
on governance and policy using the example of the Sustainable Development
Goals (SDGs). The 17 goals for sustainable development with their 169 sub-goals
(targets and indicators) are the core of the United Nations (UNO) Agenda 2030.
The SDGs take into account the economic, social, and environmental dimensions
of sustainable development in a balanced way and for the first time, combine
poverty reduction and sustainable development in one agenda.

All UN member states are required to achieve all Sustainable Development
Goalls (SDGs) globally by 2030. This SDG compliance means that all countries
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Figure 118: Access to different lighting
scenarios through common YouTube
interface.

Source: Michael Walczak (2020)

Video 03: 360° 3D VR experience

of Caracoli, Bogotd by night with
current lighting condition.

Source: Michael Walczak; https://www.
youtube.com/watch?v=Ehz-36KBIHg;
accessed 15.12.2020



are being called upon equally to solve the world's pressing challenges together.

All seven research implementation chapters presented particularly speak to
the SDG 11 on “Sustainable Cities and Communities, Make cities and human
settlements inclusive, safe, resilient and sustainable;” within the context of UN-
Habitats “New Urban Agenda” since the focus of this dissertation was on urban
transformation processes. Below, a more detailed response to the sub-goals of
SDG 11 can be found with a cross-reference to the particular steps:

The first, second, and third step speak to target 11.3, the goal of which is
to "enhance inclusive and sustainable urbanisation and a capacity for
participatory, integrated, and sustainable human settlement planning and
management in all countries by 2030." Due to the developed visualisation
framework and the “immersion elicitation” method, a broader audience can
debate urban issues since we communicate urbanisation processes on a
human eye-level perspective through DIGITAL URBAN IMAGINARIES.

The first step places particular emphasis on indicator 11.3.1 from target 11.3, to
"tackle the ratio of land consumption rate in comparison to the population
growth rate” Due to the developed building regulatory framework, we can
now identify the reserves in building density, keeping qualitative aspects such
as solar radiation or view, resulting in a DIGITAL URBAN IMAGINARY which is
optimising the land consumption ratio on a country-wide scale.

The second step considers target 11.6, which focuses on the reduction of the
“odverse per capita environmental impact of cities, including by paying
particular attention to air quality, municipal and other waste management, by
2030," with specific emphasis on indicator 11.6.2: "to reduce annual mean levels
of fine particulate matter (e.g. PM, . and PM,) in cities (population-weighted)."
Due to the measurement campaigns to understand the relationship between
fine particulate matter, wind-corridors, building typologies and topography,
we developed a processing, simulation, and communication procedure which
can be applied elsewhere to improve air quality and environmental issues.

The third step addresses target 11.7, which seeks to “provide universal access to
safe, inclusive and accessible, green and public spaces, in particular for women
and children, older persons and persons with disabilities through light and
lighting, by 2030." Due to the developed lighting visualisation framework and
its related exchange with local policymakers using DIGITAL URBAN IMAGINARIES,
the novel insights and potential improvements intend to affect future policy
implementations.

The survey results of the research (see chapter 4.6.) on using DIGITAL URBAN
IMAGINARIES for the perception of gated communities in Bogotd emphasises
the importance of target 11.7.1: “average share of the built-up area of cities that
is open space for public use for all, by sex, age and persons with disabilities,
within the broader local population.”
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The first and second step has a particular emphasis on indicator 11.a.1 from
target 11.a: "proportion of population living in cities that implement urban and
regional development plans integrating population projections and resource
needs, by the size of the city.” The developed framework, which is simulating
evidence in qualitative and quantitative building densities and appropriate
climate response in cities, can inform current and future development plans.

The third step focuses on target 11.b to substantially “increase the number
of cities and human settlements adopting and implementing integrated
policies and plans towards inclusion, resource efficiency, mitigation and
adaptation to climate change, and resilience to disasters, by 2020." The newly
developed DIGITAL URBAN IMAGINARY framework can support the decision and
policymaking processes since it displays current and future planning policies
comprehensively.

The research also selectively contributes to SDG 3 on good health and well-being
(for example, the ratio of human sun exposure in relation to building densities
simulated in step 1); SDG 9 on industry, innovation and infrastructure (for
example, visualisation of current and future traffic infrastructure in chapter 4.1.);
SDG 10 on reduced inequalities (for example, access and provision of appropriate
lighting solutions simulated in step 3 or study of lighting preferences from local
communities in chapter 4.6.); and SDG 13 climate action (for example, reduction
of air pollution through the simulation of wind flows in step 2).
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5.

Discussion and Conclusion

We can stilltoday partly confirm the spirit of Joseph Weizenbaum's (Weizenbaum
et al. 1990) questions: "Can computer help?” and his answer: "Yes, but I still think
that the main difficulties are (...) political and human. They can only be influenced
to a small extent by technology and can only really be addressed with political
will". Thisdissertation showsthattechnology, mainly DIGITAL URBAN IMAGINARIES,
visualisation, and communication technology, can tremendously impact
humans percept, decision and policymaking. The developed methodology is
intending to support decision- and policymaking with evidence-based DIGITAL
URBAN IMAGINARIES. In the following subsequent chapters, the discussion and
conclusion is split into multiple key recommendations, messages and findings
to potentially support such translation into policy recommendations. Chapter
5..to 5.5. mainly conclude the main research question.

(51) DIGITAL URBAN IMAGINARIES as adequate communication medium in
citizen-centred design processes;

(5.2) DIGITAL URBAN IMAGINARIES require a mediator;

(5.3) Technical characteristics of DIGITAL URBAN IMAGINARIES;

(5.4) Socio-technical recommendations for the DIGITAL URBAN IMAGINARY
implementation;

(5.5) Policy recommendations for the citizen-centred design processes and
DIGITAL URBAN IMAGINARY implementation;

(5.6.) Synthesis of the “immersion elicitation” method;

(5.7) Synthesis of the collecting, processing and communicating method;
(5.8) Dangers, limitations and implication of results on further research; and
(5.9) Transferability of the research findings.
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Quantitative Policy

Qualtitative Case Study

Figure 119: Stakeholder matrix, see
chapter 3.3.
Source: Michael Walczak (2021)
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Figure 120: Location and transferability matrix, see chapter 3.2.
Source: Michael Walczak (2021)

5.1. DIGITAL URBAN IMAGINARIES AS ADEQUATE
COMMUNICATION MEDIUM IN CITIZEN-CENTRED
DESIGN PROCESSES

The power of DIGITAL URBAN IMAGINARIES and their impact on precepts
is immense. They take as their starting point the possibility of being able
to mediote between multiple stakeholders from various professional
backgrounds (see figure 119) by using DIGITAL URBAN IMAGINARIES as a medium
of communication. The DIGITAL URBAN IMAGINARIES significantly improved
the exchange between engineers (software, mechanical, structural, lighting),
architects, urban planners, social scientists, designers, lawyers, and an audience
from governmental bodies. DIGITAL URBAN IMAGINARIES can "communicate”
qualitative as well as quantitative characteristics (see figure 121 - 123 and
132) to different stakeholders in a manner understandable to the layperson.
Moreover, we can present the DIGITAL URBAN IMAGINARIES over time. The
temporal aspect allows the observer to understand various interrelations and
projections over several decades, ultimately reaching a definition as a mental
construct and theoretical framework to be able to tackle specific "unknown"
tasks by providing an educational platform for exchange - a sort of standard
glossary. Hito Steyerl (2020) is critical of such a universal language. Still, in the
case of this dissertation, we instead speak of a multi-dimensional common
language, with each word in the glossary acquiring a multitude of potential
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Figure 121: Quantitative data output
from qualitative lighting visualisation.
Source: Michael Walczak (2019)



possible meanings. The knowledge of these different meanings is critical for
successful use of the DIGITAL URBAN IMAGINARIES.

Another advantage of the DIGITAL URBAN IMAGINARY is its archival or protocol
aspect. Up to now, we have seen such a trend in varying fields, such as in
literature through the digitisation of literature and books or in art through the
digitisation of paintings or 3D scanning of sculptures. At the same time, it is not
only suitable for application in small-scale interventions but can also be used
across a whole city scale. The case study location of Caracoliin Bogotd can serve
here as an example. During the research period, the local government evicted
the whole settlement because it is prone to suffer natural disasters since its
residents built it on a landslide risk area (see figure 124 - 127). The DIGITAL URBAN
IMAGINARY can thus also escape transience and deterioration, and become
inevitable. The archive could not only include three dimensions but also show
urban transformation processes over time. This would allow the transition from
linearity to non-linearity by supplying the power of time, space, and location.
The archive can be viewed, accessed, and manipulated from any location, and
this would also improve communication in times of travel restrictions such as
during pandemics. Even, certain inaccessible areas in reality of cities (roofs,
steep topography, etc.) can be made virtually accessible.

Compared to commonly used visualisation techniques such as texts, images,
videos etc., the method proposed by this dissertation has a much greater
potential to impact perception within both a specific professional audience as
well as a broader general one. We can observe those neutral and undecided
observation standpoints can be either geared towards a positive or negative
decision: a more pronounced, clear, and defined decision point from an
unbiased perspective. Nevertheless, in some cases, almost no impact could
be observed, mainly when using the method to rank certain aspects to elicit
responses from the participants (see chapter 4.6.).

Currently, the prediction of our future, particularly when it comes to the realm of
the digital (artificial intelligence, machine learning etc.), is often communicated
in the art world in a dystopian way (e.g. Hito Steyerl: This is the future or Trevor
Paglen: From "Apple" to "Anomaly"). Critical warnings and caution are the
norms, with some exceptions (Pinar Yoldas: Kitty Al, Artificial Intelligence for
Governance) that also point towards the positive impacts of the “digital”. Art
and literature are mainly driving this critical view in that they often conceive of
something absolute as "the" future. Instead, we should open our discourse to
a multi-perspective view of the future. We should open the "fan” of possibilities
of different scenarios. Such a "fan" would allow us to weigh up what changes
in those different scenarios resulted in these diverse possibilities.?” The vision
of different future DIGITAL URBAN IMAGINARIES could potentially also have the
power to impact the future, similar to predictions such as "Moore's law", which
literally wrote the future.
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Figure 122: Quantitative data as input
to generate qualitative visualisation
in Bogotd.

Source: Michael Walczak (2020)

Figure 123: Quantitative lighting
evaluation of qualitative visualisation.
In the inlet, the green colour indicates
sufficient lighting, while the blue
colour indicates insufficient lighting.
Source: Michael Walczak (2020)

¥ Discussed with Christoph Holler
(Editor of the "Springerin” magazine
in Vienna) at the University of Applied
Arts.



February 2019

Figure 124 and 125: Both images show the neighbourhood Caracoli

in Bogotd, which is one case study of this dissertation. The second
image from the top, "actual” reality in December 2019, shows that the
settlement, seen in the top picture, was evicted because of landslides’
risk.

Source: David Michael Kretzer, Incremental Light Space, Reducing Socio-
technical Night-Time Public Space Inequality in Bogotd, Dissertation,
ETH Zurich (2021)
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February 2021

Figure 126 and 127: The first visualisation from the top shows the
evicted settlement's digital replica, accessed on February 11, 2021, in
"virtual” reality. Therefore, it is a "4D protocol” since it also includes
the densification process over time. The bottom image shows the
nighttime visualisation of the same settlement accessed on February
11, 2021.

Source: Michael Walczak (2021)
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5.2. DIGITAL URBAN IMAGINARIES REQUIRE A
MEDIATOR

Every construct of a DIGITAL URBAN IMAGINARY requires the role of the mediator.
We cannot assume that someone from within such a diverse community of
citizens and actors will take up such a position, nor would this be useful because
of the risk that a particular institutional agenda could bias the role. An actor
with a neutral standpoint and who has an understanding of the language of
the "computer” is required. In recent times we have frequently heard about the
role of a "BIM Manager”, so this role would be the "Perception Manager". Not
only will the person taking on such a function have considerable responsibility
for communication, but they will also benefit from a network of increased
knowledge, especially from other fields and professions -because they not only
engage with such disciplines but also iteratively implement the knowledge into
the format of a DIGITAL URBAN IMAGINARY. This process of iteration generates a
tremendous amount of experience.

5.3. TECHNICAL CHARACTERISTICS OF DIGITAL
URBAN IMAGINARIES

A DIGITAL URBAN IMAGINARY, based on evidence that can iterate faster than a
human, and in real-time, allows complex decisionmaking processes (see figure
128) to be assisted and supported within each of the different defined scenarios.
An evidence-based DIGITAL URBAN IMAGINARY is a computer program that can
help solve more complex problems, like an expert, by deriving recommendations
for action from a data and knowledge base.® To generate a transparent and
controlled knowledge base for the computer using “if-then” relationships, we
can present human knowledge in a way that is understandable for computers.
This “if-then" relationships can be used to perform different scenarios.

Since DIGITAL URBAN IMAGINARIES leave open the question of the medium on
which they will be displayed, digital twin,* either 2D/3D print, display/projection,
VR, AR, exhibition etc., they do permit adaptation to trends. In this case, it
appears that augmented reality (AR), as opposed to virtual reality (VR), is more
likely to become the more commonly used medium in future.*

DIGITAL URBAN IMAGINARIES are not limited in terms of scale (from one building
to the whole city) and knowledge can be transferred virtually from different
contexts and replicated. We can use them as a medium to communicate on-
site in informal settlements as well to communicate in museum exhibitions.*

Due to recent and anticipated developments in technology mainly driven
by the "gaming” industry, including hardware and software, the necessary
frameworks will become even more accessible. Nevertheless, it is crucial to
speak the language of the “computer” to automate specific tasks and/or access
vast data structures.
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Figure 128: Empower Shack
Preferential City Making Tool. Project
by Urban-Think Tank.

Source: Michael Walczak (2018)

3| ecture by Michael Huber, Mag.art.,
VLin the context of the "Computer as
medium (media aesthetics)” format
from the Department of Digital Arts
at the University of Applied Arts in
Vienna.

3 A digital twin (DT) is a digital
replica of a building's structure and
behaviour (in our case, an urban
area) with interactive connections
to it. These connections transmit
information (status, usage or analysis
data, control commands, etc.).
Moreover, a DT can take different
forms depending on the level of
detail, the degree of automation
and the type of connections and
information. Thus, DT maps states
(structural and operational) of a real
building over time. It can represent
an existing building or one that is
currently being realised (Wahbeh et
al. 2020).

40 Discussion on the 20.10.2020 with
Michaoel Huber, Mag.art., VL in the
context of the "Computer as medium
(media aesthetics)” format from the
Department of Digital Arts at the
University of Applied Arts in Vienna.

“"Parangolé Model exhibited

during the Urban-Think Tank, “Citta
Parangolé” show, at MAXXI museum
in Rome from the 01.12.2017 until
25.02.2018.



Speaking about non-linearity, the aspect of time is very crucial since it can
include dynamic elements such as moving pedestrians, public and private
vehicles, densifying buildings, changing materials or sensor-driven adaptive
lighting. For the observers, dynamic elements create the illusion of reality
and the impression of something familiar. Such features help the observer to
understand the scale of the scene and find their orientation. We were able to
observe that the understanding of the interrelation between different aspects
was greater when using dynamic elements than without them. If the observer
also has the possibility to manipulate the scene, the learning factor also
increases drastically (see chapter 4.6.).

Compared to images or predefined videos, the DIGITAL URBAN IMAGINARY
method allows the observer to navigate and freely explore different viewing
radiuses. This free navigation allows the viewer to inspect any location within the
virtual environment and strengthen the decision they make since "problematic
zones" cannot be hidden (see video 04 and chapter 4.6.).

Sound is another crucial factor that can impact more human senses and
improve perception and emotion-making. Sometimes sound can express more
than images or videos can. Sound evokes imagination and thus plays a vital
role within the relationship of DIGITAL URBAN IMAGINARIES and perception. See
chapter 8.6., where students experimented in an elective course format on how
sound/audio design combined with film/motion pictures and digital modelling
techniques can strengthen the understanding and emotion-making of complex
multi-dimensional content shown.

5.4. SOCIO-TECHNICAL RECOMMENDATIONS FOR
THE DIGITAL URBAN IMAGINARY IMPLEMENTATION

In general, to ensure benefits derived from digital twins and virtual
environments, a new form of communication media, such as VR, is required.
When we look specifically at the way in which we visualise urban transformation
processes, we can observe that it is more effective in certain circumstances to
display geometries of the digital twin of a metropolitan area in a more abstract
and colour-coded way (see chapter 8.4.). Such colour-coded representation
is exceptionally accurate if the data quality is not high enough to be able to
reach a high level of detail. In such cases, we do not recommend generating a
pseudo and random application of the missing data points such as materials
or roof geometries, but rather we let the imagination of the observer complete
the gap of the level of detail. In other words, randomisation and gap-filling
will not support perception-making because observers cannot identify with the
"unknown" and “unfamiliar” virtual environment. If photorealistic visualisations
are required, but low data quality is available, we could observe that the realm
of the "informal” is better received by the audience than the "formal’, as is
the visualisation of "night-time" compared to “day-time". Nevertheless, since
informal settlements are not bound to building standards, making it impossible
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Video 04: Public lighting in informal
settlements: using VR as an
evaluation tool for policymaking in
"ISTP4Public” video.

Source: Michael Walczak and David
Kretzer; https://www.youtube.com/
watch?v=Mv4HQUH_WYO0&t=7s;
accessed 1512.2020

Figure 129: Interactive "City Action
Lab" web platform, including

3D visualisation of Sarajevo and
Belgrade. Concept: Michael Walczak,
Coding: "brainstormunich media”.
Source: https://cityactionlab.arch.
ethz.ch/wp/sarajevo-lab/; accessed
1512.2020



to predict future building characteristics accurately, we observed one meter of
inaccuracy, comparing reality and the virtual mapping of reality. We believe it
can still serve as a planning basis.

For Sarajevo and Belgrade's case, we developed a 2.5D colour coded web
interface (see figure 129), which is an example of how to deal with the scarcity
of data in the most appropriate way (see chapter 8.4.). With the help of local
citizens, crucial and indispensable data was collected using the method of
citizen-centred design processes. Due to the collection by a broad audience
and the accessibility through the web, the platform can be seen as a medium
"for the masses by the masses”.

As platform to display DIGITAL URBAN IMAGINARIES, exhibitions (see figure 130
and chapter 8.5.) can be an excellent medium not only for generating visibility,
but also eliciting responses from visitors in order to obtain general iterative
feedback to the research question.

5.5. POLICY RECOMMENDATIONS FOR THE CITIZEN-
CENTRED DESIGN PROCESSES AND DIGITAL URBAN
IMAGINARY IMPLEMENTATION

A specificity that we can observe throughout most governmental bodies
ranging from urban planning, lighting, environment, and climate, in all
contexts of case studies within this dissertation, is the fact that planning and
decisionmaking processes are performed and discussed in two dimensions. In
other words, governmental bodies draw decisions on a flat surface, despite
the diverse and pronounced topographical, urban, or climatic contexts. We
cannot discuss many urgent topics such as climate in two dimensions since,
e.g. wind changes at different altitudes, so the built environment should react
accordingly to provide air circulation. City policymakers should advocate a four-
dimensional zoning regulatory instrument since it will improve, e.g. the climatic
response of urban areas on a large scale. Such policy documents are mostly
highly static and non-dynamic. Once initiated, put in place, and approved, such
documents mostly remain in force for ten years or more. Yet, our societal and
environmental changes are much more rapid, requiring a much more dynamic
interface with such regulatory frameworks. State-of-the-art technology could
allow reconfiguration of such policy documents at a one-second resolution
based on current data or other inputs: e.g. the formation of building cluster
in relation to its environment rather than individual building consideration
detached from its environmental setting. See chapter 8.9. for a more in detail
policy brief.
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Figure 130: Digital model translated
into a physical model, wall print,
digital walkthrough on-screen and
urban gaming app on a tablet at the
Urban-Think Tank, "Citta Parangolé”
exhibition, MAXXI museum in Rome
from the 01.12.2017 until 25.02.2018.
Directed by Alfredo Brillembourg and
Hubert Klumpner. Core team: Michael
Walczak, Arnout Sabbe,

Stephanie Briers and Khensani de
Klerk.

Source: Clearhos Papanicolaou (2017)



5.6. SYNTHESIS OF THE “IMMERSION ELICITATION"
METHOD

We can summairrise the novel contribution of the “immersion elicitation” method
and our learnings as follows:

M "Immersion elicitation" using DIGITAL URBAN IMAGINARY technology
with more than 100 local citizens from the township Khayelitsha, Cape Town.
The technology was made accessible in the township of Khayelitsha itself;

2 “Immersion elicitation" using DIGITAL URBAN IMAGINARY technology
with more than 200 local actors from the City of Bogotd. The technology was
made accessible in the City of Bogotd itself;

(3) Qualitative engagement with more than 30 policymakers from Bogotd,
Cape Town and Sarajevo;

4) Improved visualisation and communication technology permits an
overall improvement of understanding by 80 percent, evaluated through the
use of the "immersion elicitation” method;

(5) Such a communication method can even effect a complete change in
opinion by an average between 35 to 50 percent of the respondents, evaluated
through the "immersion elicitation” method.

(6) The method of “immersion elicitation” requires the assistance of the
subjects (we observed that the subjects extended the initial clip length by a
factor of 2 due to necessity for assistance or reflection on the decision making).
Some participants might experience motion sickness. We recommend exposure
of participants not longer than between 10 to 15 minutes. Each participant
requires a short introduction and training, speaking the same language as the
subjects is advantageous.

(7) Through “immersion elicitation"” we are not only virtually and remotely
simulating specific urban transformation processes, but also bringing
technology, visualisation and measuring devices into the actual and real
locations. The on-site usage of technology allows citizen engagement and
exchange with local stakeholders and actors, entirely in the spirit of citizen
science and citizen-centred design processes.
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5.7. SYNTHESIS OF THE COLLECTING, PROCESSING
AND COMMUNICATING METHOD

We can summarise the novel contribution of the research implementation
step 1- 3 “collection” as follows:

M We conducted a multi-resolution policy analysis ranging from a
single building lot to a whole agglomeration within the building regulatory
framework. It allows for quantification of the impact of spatial policies on the
built environment;

(2) The spatial policy model (SPM) extended the functionalities of the
holistic and integrated framework of "EnerPol" (see figure 64). "EnerPol" uses
the novel data as input in all existing models;

(3) Large scale city-wide use of LIDAR technology to collect evidence in the
form of wind measurements in urban environments; and

4 Data collection including build and natural environment, population
statistics and climate, in the context of (alphabetical order): Belgrade (SRB),
Bogotd (COL), Cape Town (SA), Cartagena (COL), Katowice (PL), Lausanne (CH),
Medellin (COL), Milano (IT), Paris (F), Piacenza (IT), Sarajevo (BiH), Shanghai (CN),
Stuttgart (GER), Toronto (CA), Vienna (AT), and Zurich (CH).

We can summarise the novel contribution of the research implementation
step 1- 3 "processing” as follows:

M The development and integration of a spatial policy model (SPM)
to account for the characteristics of building lots. It allows the automated
assignment of the correct building regulation through interaction between
zoning regulations and the municipal and regional location;

2) The use of an automated framework, SPM, that yields computation that
is up to two orders of magnitude faster than the classical manual translation of
building policies into a three-dimensional geometrical representation of these
regulations;

(3) SPM could allow for iterative and hypothetic manipulation of building
policies. This would allow instant viewing and inspection of its impact visually
and in three dimensions. This could help decisionmakers understand how
decisions and changes in the building policies are manifested in physical space.
The consequence could be large-scale efficiency and workflow improvement
through rapid policy feedback loops;

4 Large scale city-wide use of CFD (computational fluid dynamics)
simulations informed by LIDAR wind measurements;

(5) Identification of the climatic correlation between building form, air
quality, and wind;

(6) Anovel method presented for the spatial and temporal documentation
of rapidly changing informal environments in virtual environments (VE);

(7) The ability to generate lighting-specific features in multiple future
DIGITAL URBAN IMAGINARIES in VE/VR;

(8) Semi-automated framework to generate the built environment

including buildings, topography, vegetation, motion patterns of pedestrians

150 DISCUSSION AND CONCLUSION



Comparison

Bogota (Caracoli)

Cape Town (Khayelitsha)

Incremental vertical

Horizontal densification,
in rare cases up to

stones and bricks

Densification densification, particularly .
. . two storeys vertical
in adding floors [
densification
Topography Pronounced topography Flat topography
- Buildings made out of
Materials Buildings made out of wood and corrugated

steel

Street-widths

Wide streets (>5m)

Narrow streets (<5m)

Each consecutive floor is

warm summer

Floors stepping in towards the Mostly one storey
street
Public lighting Self-build informal lights Self-build informal lights
on poles and walls on walls
Concentration of activites Concentration of activites
Activities around lights in public around lights in public
space space
No lights in illegal
Illegal settlements, pole- . .
settlements mounted lights in High-mast lights
legalized settlements
Climate Temperate, no dry season, | Temperate, dry summer,

hot summer

Table 07: Comparison between characteristics discovered through

DIGITAL URBAN IMAGINARIES in Bogotd (Caracoli) and Cape Town

(Khayelitsha). Comparison can help to identify potentials for scalability

and transferability.

Source: Michael Walczak (2020)

and densification processes of buildings in VE/VR; from sources such as satellite
images, and cadastral and census data; and

9) Custom code enhances and enables state-of-the-art game-engine
technology with the capability to use temporal large-scale quantitative as well
as empirical data sets in an automated manner. The visualisation of motion
patterns of pedestrians in the form of animated human skeletons as well
as densification processes is a further key concern. A custom graphical user
interface (GUI) helps navigate the virtual environment by displaying in text
form the current year that the GUI is visualising or the tasks/functionalities that
the user can access.

We can summarise the novel contribution of the research implementation
step 1- 3 “"communication” as follows:

M SPM compared the maximum buildable volume in 3D to the existing
building stock and determined the “building surplus”, including the correct roof
geometry (i.e. pitched roof);

(2) SPM can be applied, scaled and transferred to any context if the
necessary boundary conditions are fulfilled;
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(3) The use of the method of "evidence-based policy evaluation” to
formalise and extend the SDG 2030 targetinto 2040 DIGITAL URBAN IMAGINARIES;
4 The dynamic CFD (computational fluid dynamics) simulation framework
can be applied, scaled and transferred to any context if the necessary boundary
conditions are fulfilled;

(5) Based on state-of-the-art game-engine technology, a range of media
can be deployedto create visualisation output: in this case, VR. Since this research
implementation step documented the framework, this presented workflow can
be used for future studies, scaled, and transferred to other contexts;

(6) Custom code allows the expansion of state-of-the-art game-engine
technology to accommodate dynamic incremental changes in, for example,
luminaire types and their geometries. Custom code allows a dynamic response
to user behaviour in the form of additional lighting attributes such as motion
sensors. The custom graphical user interface (GUI) can change all of these
parameters and characteristics dynamically. The tool is particularly useful for
iterative design processes and scenario planning; and

7) Research implementation step 4 generated evidence that DIGITAL
URBAN IMAGINARIES can help policymaking in visually exploring existing and
future urban transformation environments.

5.8. DANGERS, LIMITATIONS AND IMPLICATION OF
RESULTS ON FURTHER RESEARCH

Nevertheless, it is also crucial to know the limitations and dangers. Dangers lurk
particularly in manipulating perception with DIGITAL URBAN IMAGINARIES by
deviating attention from problematic zones of certain areas or by "beautifying”
urgent issues. This power of the image and knowledge may be subject to power
interests from, for example, governmental or private institutions (Bridle 2020).
The huge impact on human perception speaks in particular to these risks of
such techniques to distort or steer individuals' decisionmaking processes. For
example, night-time lighting needs to be visualised through movement in a
spatial setting in orderto overcome such dangers of deviating from problematic
zones.

Limitations can be pointed out, particularly in respect of the available data
quality and processing input required of us in the preparation of DIGITAL URBAN
IMAGINARIES. In this regard, we need to make a careful assessment in terms of
the aspect of the level of detail the model wants to achieve, at what “cost”, and
if the level of detail might not actually need to be so high to achieve the desired
communication/simulation result. The method of more data and knowledge
can result in the "Death of Phantasy” due to the belief in the computational
promise of, e.g. prediction and representation (Bridle 2020). The advanced
method of this dissertation seeks to posit a positive counter-position for
overcoming and coping with such “digital” conditions through citizen science
and urbanism.
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When looking at different mediums used to communicate the digital model, VR,
in particular, can trigger motion sickness of participants if the digital gestures
do not align with and correspond to our natural gestures.

Future research and case studies could focus on the implementation of such
a communication and visualisation method within a policymaking institution
and measure and evaluate how it would impact its policy design and the
respective decisionmaking processes. Since the technique of "public advice"
(Sager et al. 2020) in policymaking is a well-established and practised method,
the less considered method of “policy advice” (Sager et al. 2020) is preferred in
this regard and supports the argument for future research.

The current percept study of Cape Town with a sample size of 45 by
communication medium (VR 45, images 45, in total 90) is resulting in a 15%*
error margin (95% confidence level), compared to a 400,000 population size
of Khayelitsha. The current percept study of Bogotd with a sample size of
203 is resulting in a 7%* error margin (95% confidence level), compared to a
8,000,000* population size of the city. To reduce the margin of error, a further
study using more than 200 participants could confirm if the experienced and
resulted metrics, change in citizens baseline, match.

5.9. TRANSFERABILITY OF RESEARCH

FINDINGS

THE

Once the technological framework for DIGITAL URBAN IMAGINARIES is developed,
it is universally applicable. Data with complying and matching characteristics
and specifications, from any context, can be an input, processed and visualised.
In DIGITAL URBAN IMAGINARIES, data and objects developed or resulting from a
particular context can be virtually transferred, transformed and tested in other
locations (see figure 120). The technique behind dynamic and time-related
visualisation mechanisms allows replacing the object in motion with any other
medium or topic and all of its related characteristics. Another advantage of
using DIGITAL URBAN IMAGINARIES is the aspect of the "non-scale”. On the one
hand, the observational perimeter is limitless and can be as detailed as a
single building spanning to a whole country. On the other hand, it allows the
automated scalability of one object to an entire city with a particular set of
rules (see chapter 8.2.).

M We can apply the visualisation framework created for the context of
Bogotd in Cape Town and vice versa;

(2) The dynamic visualisation framework for private and public traffic data
initially developed for the Swiss context was later applied to Vienna, Austria;

(3) The same dynamic visualisation framework for private and public
traffic data initially developed for the Swiss context was later applied in Bogotd
to visualise pedestrian motion. The "vehicles" were replaced with human
avatars, as well as its characteristics were modified;
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“2https://www.qualtrics.com/
de/erlebnismanagement/
marktforschung/stichprobenrechner/;
accessed 14.02.2021

“https://census2011.adrianfrith.com/
place/199038; accessed 14.02.2021

“http://atlasofurbanexpansion.
org/cities/view/Bogota; accessed
14.02.2021
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Figure 131: Participation in the Swiss
State Secretariat for Economic
Affairs (SECO) Urban Round Table
Policy event - an encounter between
various global partners including
the World Bank, the Inter-American
Development Bank (IDB), the
International Finance Corporation
(IFC), the Asian Development Bank
(ADB), the African Development
Bank (AfDB), the European Bank for
Reconstruction and Development
(EBRD), the Asian Infrastructure
Investment Bank (AIIB), the Islamic
Development Bank (IsDB), Cities
Allionce and SECO - took place on
November 10, 2020, remotely, finding
a new format within a period of
social distancing.

We (Chair of Architecture and Urban
Design, Prof. Hubert Klumpner)
presented the work on topics related
to mobility to the distinguished
group, focusing on lighting and light
as an enabling factor of last-mile
pedestrian mobility for safe and
secure access throughout urban
areas.

Source: https://istp.ethz.ch/
news/2020/11/urban-development-
round-table-2020.ntml; accessed
19.01.2021



4) The luminaire designed for the specific case of Bogotd could be
automatically applied to the whole City of Bogotd or tested in the townships of
Cape Town (see table 07);

(5) We used the climatic simulation framework in Toronto and Shanghai,
which we initially developed for the case of Sarajevo; and

(6) The impact of regulatory changes in spatial policies could be instantly
and iteratively viewed on a whole scale of the selected agglomeration (see
figure 72).

Therefore, DIGITAL URBAN IMAGINARIES can be an appropriate platform to test,
transfer and scale research findings from one location to another.

Such technology's universal applicability is evident since this dissertations
research implementation co-developed a fully licensed software (see figure
28) and simulation framework called "EnerPol”. The cases in which “"EnerPol” is
currently operating are completely on another continent, then this dissertations
studies. "EnerPol" is now in use under license by the ETH Zurich Spin-Off "SwissAl".
Further explanation on “"EnerPol” can be found elsewhere, Marini et al. 2019, but
the main contribution to “EnerPol” resulting from this dissertation is chapter 4,
significantly step 1,2 and 3.

Ultimately the technological innovation is resulting into social innovation and is
a trigger for transformations (see figure 133).

The transferability aspect was also present while constantly test-running
this dissertations method as a knowledge transfer and teaching format (see
chapter 8.6.). It resulted in establishing and teaching of three elective courses
with approximately 100 students, transforming the digital toolbox of future
architectural designers.

This dissertation contributed to successful additional research projects in the
context of Sarajevo and the Department for Special Topics in Architecture Design
(STARCH) at the University of Applied Arts Vienna. Beyond the dissertational
work itself, it aided researchers and practitioners in decision- and policymaking
processes. It made DIGITAL URBAN IMAGINARY technology accessible to more
than 300 citizens in the local settlements of the global south. It included
more than 100 stakeholders from Bogotd, Cape Town, Lausanne, Vienna and
Zurich (see figure 131) from various universitarian, governmental and private
institutions.
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Figure 132: From quantitative lighting evaluation in lux (unit of
illuminance) to qualitative lighting visualisation. Here, the case of the
PJS settlement in Khayelitsha, Cape Town. Additionally, all walkable
streets in the neighbourhood we show in red. This figure is representing
the basis for the DIGITAL URBAN IMAGINARY performed in Cape Town,
Khayelitsha.

Source: Michael Walczak (2019)
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Figure 133: 2 out of 90 local citizens participating from the township
Khayelitsha, Cape Town, experiencing DIGITAL URBAN IMAGINARIES

of their neighbourhood. The technology was made accessible in the
township of Khayelitsha itself. The high mast light is visible in the
background through the window, the settlements prevailing mode of
lighting.

Source: Michael Walczak (2019)
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Shifting baselines not only apply in the context of this dissertation but can also
take other forms:

We are currently witnessing two distinct challenges concerning urban
transformation processes: an absolute interdependence between the social
and the environmental realities: any modification on one directly affects the
other, and vice versa.

Poor daylight access and atmospheric contamination in some of the most
polluted cities in Europe result from social conflicts, unsolved transport policies,
and global warming, resulting in a reduced quality of life. A more careful but
determined approach is necessary to reverse global warming. The temperature
of a climate zone south of the Alps is rapidly becoming a reality in climate zones
north of the Alps. These shifting baselines could be the point of departure for
future research using the methodology developed in this dissertation.

The current reality is that the Anthropocene as the root cause of the
consumption of natural resources is not the end of our story. After all, there is
a thesis that we can reverse global warming by understanding actions that
better support the climate through integrated climate-care. Climate-care is a
better understanding of, e.g. topography, cold air streams, water bodies, and
photosynthesis used by vegetation.

Such imaginaries, interdependencies, and modifications could be virtually
simulated using the methodology of DIGITAL URBAN IMAGINARIES deployed in
this dissertation. It allows for a holistic perspective of the environment and the
overall climate of cities as well as the connection of trans-scalar perspectives
from a bird's eye view, eye-level metropolis, or regional observation, down to an
individual building-level perspective. The consideration of topics such as long-
and short-term transformations of topography, seasons, efficiency, orientation,
understanding the changing dynamic qualities, existence, or absence of
daylight as a source of light and energy, and renewables are essential.
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New technologies of trans-scalar and trans-locational modelling tools and
expertise in digital simulation and data processing developed within this
dissertation's framework could be applied to researching the transforming
baselines of city-climate zones. Table 07 is an example of such identified
transferability and comparability of knowledge from Cape Town and Bogotd.
Interactive digitaltools that allow for system thinking based on cyberneticterms,
feedback loops, and time and process functions are essential. For instance,
atmospheric contamination from transport and heating creates the inversion
weather phenomenon, preventing daylight penetration. Such correlations
are critical for the shifting baseline in city-climate zone research. Large-scale
city-climate zone simulations could include social factors such as population
dynamics, programmes, production, and mobility, and climatic factors such as
temperature, daylight, sunlight, wind, water, rain-fall, fine-dust, atmospheric
pressure, vegetation, and topography. City-climate zone simulations are used
to create a selection of site-specific parameters in particular locations and
to enable identification of where given urban qualities can be found in the
existing urban structure and where they have to be improved, considering
current regulatory and policy frameworks and how new ones may be designed,
for example, for the case of Toronto. To combine the generated data from
"EnerPol" (Walczak 2021a; Marini et al. 2019), real data, and projected data into
one common platform, we propose using an automated simulation framework
based on game-engine technology as a result of this dissertation.

Art-based research (Falkeis 2015) and its methods can impact science and
knowledge production, and vice versa. For example, new instruments such as
DIGITAL URBAN IMAGINARIES and the medium of VE/VR (virtual environments/
virtual reality) allows the observer to immerse themselves in a non-biased,
"eye-level” city-climate zone perspective and cross-reference many different
city-climate zones in a manner understandable to the observer on different
scales and in four dimensions (time).
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Appendix: 8.1. Policy Outreach Transcription

(Excerpt)

Interview conducted online through Zoom on the 23.07.2020 between David Michael Kretzer and
Michael Walczak, and policymaking stakeholders from Bogotd: "Unidad Administrativa Especial
De Servicios Publicos, Subdireccidon Servicios Funerarios y Alumbrado Publico, Bogotd (UAESP)" and
"Secretaria Distrital de Planeacién, Bogotd (SDP)". During the interview, David Kostenwein assisted with
the translation from English to Spanish and vice versa. The interview was translated from Spanish to
English. The talk’'s main topic was the use of digital communication techniques such as VR for lighting

planning and policymaking.

Person

Time

Discussion

Michael Walczak (MW)

The lighting conditions were presented to you in four ways:
by numbers, a render, a false colour scheme and in a virtual
reality environment. Can you please classify these four forms
of presentation according to the ability to illustrate the
lighting situation?

"Unidad Administrativa
Especial De Servicios
Publicos, Subdireccién
Servicios Funerarios

y Alumbrado Publico,
Bogotd (UAESP)" (R4)

#00:02:06:31# until
#00:02:07:31#

In my case I am not an engineer, but I would understand
that it would depend on the pubilic, that is a matter of
communication. Obviously, if one is talking to engineers,
the figures of these technical issues would be immediately
familiar to them. These topics on design and lumens per
watt, well all that series of technical measures is important
to them, but let's say at a visual level or for the community or
for an authority, who are not engineers, the issues of virtual
or mental reality are very interesting as they give a greater
approximation to how that lighting would potentially look
like, as we are seeing here, right? So that answer is not the
best one, but it depends.

R4

#00:02:07:34# until
#00:02:07:40#

It really depends on who you are talking to at the time to
make communication more efficient.

"Unidad Administrativa
Especial De Servicios
Publicos, Subdireccion
Servicios Funerarios

y Alumbrado Publico,
Bogotd (UAESP)" (R3)

#02:08:06-2# until
#02:08:23-9#

I have the same opinion of Omar, but to give an answer, from
the perspective of my training, virtual reality is the best way
to visualise the conditions of illumination.

"Secretaria Distrital de
Planeacidn, Bogotd
(SDP)" (R2)

#02:08:44# until
#02:09:14-6#.

No, I agree with them, with Omar and Paula, because it is true
that virtual reality reaches all audiences, that is, you don't
need to be a technician, you don't need to be a specialist

in the subject, you see how the lighting is. In that case, the
virtual reality changes depending on the conditions, that is, I
think that the one that reaches all audiences is virtual reality,
because you do have to be a technical person in the subject
to understand figures.

David Kretzer (DK)

Did it help you, since you are not planning lighting and you
are from another profession?

R2

#02:09:35# until
#02:09:47-5#

Of course, I did, because it showed me how the changes
occurred at certain widths and according to time. Everything
looks perfect.
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"Unidad Administrativa
Especial De Servicios
Publicos, Subdireccion
Servicios Funerarios

y Alumbrado Publico,
Bogotd (UAESP)" (R1)

#02:09:58# until
#02:10:23-7#

Yes, I agree with everyone, however I think the same way as
Omar, that it depends on the person who is going to see the
presentation, because let's say, if it is presented in the type for
engineers, who know about the subject, they will complement
it very well with the theme of virtual reality. Although I think
that even though I did not have the 3D glasses, virtual reality
seemed to be the best one, I think it is the best way to present
it.

DK

Lina, you personally what is your opinion?

R1

#02:11:10# until
#02:11:29-4#

Yes, and above all because one is in the place, in the field, in
the place where you are socializing the idea. Than one sees
the floor, the house, the light, and one feels like familiarised
and understands the situation.

MW

Do you think it adds value to the illustration of lighting
planning (compared to numbers, renderings and false color
schemes)? If so, please describe why?

R4

#00:02:13:21# until
#00:02:13:15#

Yes, I think we touched on it in the previous answer. Let's say
that itis like Lina said, to be at the location, in some way,

in conditions as close as possible to reality or to project it

in time, right? and complemented, because obviously, if I
go with an expert, an engineer or with the norm, well, the
numbers.

MW

With VR it is not only possible to ook at one street but also at
a whole city, it is possible to plan on a very large scale.

DK

Omar, would VR help you personally since you are from the
field of lighting planning (false colour schemes, numbers etc.)
and if so what would it be?

R4

#00:02:14:15# until
#00:02:15:24#

... that we talked about that point, I think the tool of
augmented reality or virtual reality is very useful, very
dynamic, very tactile as Lina said, that you feel you are on
the site and can get the light sensation. If I than had to go to
an expert, the regulator, an engineer or a lighting designer, I
would complement it with figures. Well, let's say, I think there
would be all the necessary information. I would think that if

I had to go to an expert, I would surely have to complement
with figures and parameters, but as almost everyone agreed
in the comments, the virtual reality tool is a tool that is valid
for the whole public, it is very intuitive, very didactic and
makes it very easy to visualise by any public.

MW

Do you think virtual reality environments would support your
organization in assessing and/or communicating lighting
planning?
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R4

#00:02:17:37# until
#00:02:18:47#

Mainly communication not planning, communicate new ideas
What Iinsist on here is that I am not a lighting engineer as
such, but what I saw was that this tool gives you a three
dimensional vision, where you can review the different
perspectives from one place and complement it with what
you were talking about. I can zoom out and look not only at
one point of light but go through an entire street, orI can
elevate through the map and see the entire neighbourhood.
Obviously, it's an optimal visualisation, right? Than I
understand that the limitation of a render or the others that
were mentioned before are focused on particular dimensions
to avision of a plane to which I approach, I move away

and suddenly I turn it and that's all, but the virtual reality
talks to me about the third dimension and I think that's the
interesting thing, isn't it? and what you were explaining is that
I can zoom out to a street or the vision of a neighbourhood,
right?

R4

#00:02:19:43# until
#00:02:21:04#

I think that in general the whole topic of virtual reality is a
very, very good tool, in this case for planning, to be specific,
but also to disseminate or promote a solution because as
you mentioned now, and we have insisted, it is very realistic...
let's say, it generates an impact quite close to the solution.

it is much better understood if one is going to explain it to

a person as such who lives in the neighbourhood. It would
be much easier to see it and feel it, whereas the person
would never understand by seeing a render of those figures
themselves, right? So, yes I think it is a very useful tool... for
example, one would also see that in these communities
where there are millennials and people who are closer to this
type of technology, because it is a much more motivating
factor since they are beginning to get used to these types of
technological tools, Well, my answer is yes, of course I found it
to be an ideal tool, not only for planning and promotion but
also for communication.

MW

How do you communicate now?

R4

#00:02:21:59# until
#00:02:22:46#

Yes, I mean, in general I see that the use of virtual reality or
augmented reality tools has increased, even because of the
pandemic, right? Because you can already see the use of
virtual reality when accessing virtual events, and you enter

a conference site and everything, and you can see pavilions,
and everything is virtual reality. But I would say that in the
Colombian case, it is not that the general use in institutions is
so massive, although I would believe that the tendency to use
itis increasing.

R4

#00:02:22:59# until
#00:02:23:53#

I would say that, as it stands, communication media are still
the traditional ones. Let's say, at this time of the pandemic, I
think they will become more popular, because these types of
virtual meetings will keep increasing, right? Even all this type
of digital communication. Social networks have increased

in general and are used by all people, but I think that when
we return to normal, this will also be combined with more
face-to-face matters. I don't know, but I see the traditional
meeting as a combination of communication solutions. But I
think that in Colombia we were in a very traditional position
and now due to the pandemic we have been encouraged by
the need to use digital tools.
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R1

#02:23:54-7# until
#02:25:01-0#

Yes, in fact we do, because since we communicate all

the institutional issues through the media, mainly social
networks and also the entity has and above all, well the
whole entity, each sub-directorate and on the whole theme
of public lighting there is a social team that teams up

with communities. This social team is also taken care of by
CODENSA—the operator of the service—and what they do

in all the meetings is that the local boards or the council
specifically assign some councilmen, or some communities as
such and it is the job of these social managers to participate.
Because we are still managing the issue of meeting

with the community and talking and being asked how a
particular lighting works. That person than gives them the
whole context, but also as Omar pointed out, now almost
everything is being handled mostly by social networks and
such virtual channels of communication.

MW

Many districts are inaccessible, not only during pandemics
such as COVID-19. In order to imagine the districts VR could
become a planning tool and not only stay a communication
medium?

R2

#02:28:17# until
#02:29:03-6#

In this case, it would be like when the entities are going to
work, because it would be interesting to look at the places
where it would be unsafe or dark for the issue of security,
where lighting would be needed. In that case, it would be
when the exercise is done and I also think that, for example,
in the issue regarding the paths. I mean, when the model

is run it shows you which paths in the building are unsafe
because of their width, that is, which would also be the ideal
width for the planning. I think that it would be an interesting
instrument.

DK

Omar, when you communicate with other lighting
stakeholders such as CODENSA what do you provide to them?
Which documents? Numbers, tables, renders?

R4

#00:02:29:49# until
#00:02:30:40#

I would say the traditional, that is, renders and these sort of
tables and figures. Because, let's say, that is how it is usually
done here in that medium... presentations, brochures and
all that. You have to take into account - I do not know if they
already explained it to you - that CODENSA operates the
(not clear) in Bogotd but there are some topics that are not
covered as such, than you have to weigh all that, but as an
operator it uses traditional communication tools, and I do
not think that they are so advanced as to use such virtual
reality features.
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Appendix: 8.2. List of Digital Models

Locations and specifications of digital twins generated during the process of the dissertation.

Traffic
Topo- |Vege- |Light- |Satellite |Pedestrian | Simula- Automa- | 2D
City (Primary) Buildings graphy | tation |ing Imagery | Simulation | tion Scale | VR | tised data
2.5D (Footprints + Yes (Drone City-
Bogotd, Colombia | Floors Extrusion) Yes Yes Yes Footage) | Yes No Scale | Yes | Yes Yes
City-
Vienna, Austria 3D Yes Yes No Yes No Yes Scale | No | Yes Yes
Cape Town, South | 2.5D (Footprints + City-
Africa Floors Extrusion) Yes No Yes No No No Scale | Yes | Yes Yes
Sarajevo, Bosnia 2.5D (Footprints + City-
and Herzegovina Floors Extrusion) Yes No No No No No Scale | No | Yes Yes
City-
Zurich, Switzerland | 3D Yes Yes No Yes No Yes Scale | Yes | Yes Yes
Agglomeration of
Lausanne, Switzer- | 2.5D (Footprints + City-
land Floors Extrusion) Yes No No Yes No Yes Scale | No | Yes Yes
City (Secondary)
2.5D (Footprints + Local-
Belgrade, Serbia Floors Extrusion) No No No Yes No No Scale | No | No Yes
Local-
Piacenza, Italy 3D Yes No No Yes No No Scale | No | No Yes
Cartagena, Co- 2.5D (Footprints + Local-
lombia Floors Extrusion) No No No Yes No No Scale | No | No Yes
2.5D (Footprints + City-
Toronto, Canada Floors Extrusion) No No No No No No Scale | No | Yes Yes
2.5D (Footprints + City-
Shanghai, China Floors Extrusion) No No No No No No Scale | No | Yes Yes
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Appendix: 8.3. State of the Art Digital Tools

Following list is including a selection of current state of the art digital tools and its specifications as a
starting point of this dissertation. This list shall be seen as digital tools review similarly to a literature

review.
2D/
Open 3D/ | Real- | VR/
Name Platform Source | 4D | time | AR Scale Description Link Comments
-Thi Data Visualisation, https://cityactionlab.
U.rbon Th'nk Tank Web No 3D - - City User generated arch.ethz.ch/wp/
Clty Action Lab Content sarajevo-lab/
URscape web, No 0 | - - Count Data Visualisation | Hes//urssecsg/
P Standalone ry ur-scape/
[JA?k:s:iZ?/:rs Web No 0 | - - City Data Visualisation Qtetggmg’;zhgcyzrs ’
Soror 0S5 | web No | |- - City Data Visualisation | "Lps/eplorermor
https://www.move- Interactive
Roads to Rome Web No 2D - - City Data Visualisation lab.com/project/ part out of
roadstorome/cities function
Neighbour— . . . https://avs.auto/
Streetscape.gl Web Yes 4D - - hood Data Visualisation demorindex htrm
Great Escape Web No 2D - - Country Data Visualisation :ét/psz//grectempe'
https://cityplanneron-
City Planner Web No 3D - - City Data Visualisation line.com/stockholm/
stockholmvaxer
Treepedia Web No D | - - City Data Visualisation fof/:t/feee?)fd"ig‘e'mi"
Cityways Web No 3D - - City Data Visualisation Z;‘fjﬁﬁ;xf;‘zz‘;gi“
Big Time BCN Web No D | - - City Data Visualisation | PitP/bigtimed
Web https://hub.arcgis.
Arcgis City Engine | ¢.°> | No D | - - City Data Visualisation | §oio8ess o
3d5ddeéb3isdfe
Deck.gl Web Yes 4D - - City Framework https://deck.gl/#/
Definition
i - https://www. H
Unreal Engine Standalone Yes 4D Yes VR, AR Country F.romework, Anima unrealengine.com/ cccoro{mg to
tion en-Us/ Fankhdnel et
al. (2020)
Unity Standalone | Yes 4D Yes VR, AR | Country Framework https://unity.com
Q-GIS Standalone | Yes 25D | - - Country Data Visualisation Ztetgftzglwww‘qg"s'mg/
ArcGIS Standalone | No 25D | - - City Data Visualisation ggﬁz;gvaw-qg"&‘"g/
https://lec.ethz.ch/
EnerPol Standalone | No - - - Country Framework research/enerpol.
html
Urban-ThinkTank Neighbour- Data Visualisation, | oc. /cityaction-
. ) Web No 3D - - User generated lab.arch.ethz.ch/
CityBuilder hood Content cityBuilder/
Gauteng City
Region . . . . https://gcrolwits.
Observatory Web No 2D - - City Data Visualisation ac.zalgerojsgis/
Interactive GIS
RAY.diosity 3D by . https://vimeo.
Thomas Diewald | Standalone | No 3D - - City Framework o 183050854
RAY.diosity 2D by Neighbour- https://vimeo.
Thomas Diewald Standalone | No 2D hood Framework com/228387816
X http://www.toolz.
TOOLZ Smart Neighbour- SR friukjen. EN/orojet.
Favela - No 3D - - hood Data Visualisation en.phpzinc_smart..
favela_en
Neighbour- Data Visualisation, _ )
Qua-Kit Web No 25D | - _ 9 User generated h:]tps,//qua—klt.ethz.
hood ch/editor
Content
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2D/

Open 3D/ | Real- | VR/
Name Platform Source | 4D | time | AR Scale Description Link Comments
I())gnn:w;So Toxi Web No 2D | - - Country Data Visualisation | oPewompisc
Omni Sci Oil and X i X https://www.omnisci.
Web No 2D - - Country Data Visualisation com/demos/oil-
Gas Demo and-gas
Kinetica Demo Web No 2D | - - Country Data Visualisation | [5osimnetes:
. . . . https:// .remix.
Remix - No 20 | - - Country Data Visualisation | b wrems
. . . . https://urbanfoot-
Urban Footprint - No 2D - - Country Data Visualisation pmff_co‘:; anioo
. . Framework, Simu-
Dialux Standalone | No 3D - - Building .
lation
. . Framework, Simu-
Hilite Standalone | No 3D - - Building .
lation
velux daylight Standalone | No 3D | - - Building | Lromework, Simu-
visualiser lation
Radiance Standalone | Yes 3D - - Building Frqmework, simu-
lation
Ladybug/Honey- ) ) Framework, Simu-
bee for Plugin Yes 3D - - City lation
Grasshopper3D
Definition
Rhinoceros3D Standalone | No 3D - - City Frgmework, Mod- Gccorq.mg to
elling Fankhdnel et
al. (2020)
Definition
Grasshopper3D . B B . Framework, Script- according to
for Rhinoceros3D Plugin No 3D City ing Fankhdnel et
al. (2020)
Definition
Cinema 4D Standalone No 4D B VR, AR Neighbour- F'romework, Anima- qccord"mg to
hood tion Fankhdnel et
al. (2020)
Definition
Autodesk Maya | Standalone | No o |- VR, AR | Neighbour- | Framework, Anima- according to
hood tion Fankhdnel et
al. (2020)
EnerPol - No 4D - - Country Frqmework, Simu-
lation
GEMSIim Standalone | No 4D - - Country Framework (Traffic)
MatSim Standalone | Yes 4D - - Country Framework (Traffic)
Definition
Archicad Standalone | No | 30 | - - Building | CAD, Analysis according to
Fankhdnel et
al. (2020)
Definition
Vectorworks Standalone | No 3D - VR, AR | Building CAD, Drawing occorc.lllng to
Fankhdnel et
al. (2020)
Definition
Autodesk Revit Standalone | No 3D - - Building CAD, Analysis occorc{mg to
Fankhdnel et
al. (2020)
. - Framework,
Enscape Plugin No 3D Yes VR, AR Building Animation
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2D/

Open 3D/ | Real- | VR/
Name Platform Source | 4D | time | AR Scale Description Link Comments
Definition
. Framework, Anima- according to
Blender Standalone | Yes 4D - VR, AR Building . .
tion Fankhdnel et
al. (2020)
Definition
Sketchup Standalone | No 3D - - Building CAD, Modelling g;ﬁi:%'ggl?t
al. (2020)
Definition
AutoCAD Standalone | No 3| - - Building CAD, Drawing ‘F’;ﬁiﬂ':glt‘;’t
al. (2020)
Google Environ-
. https://insights.sus-
mental Insights Web No 2D - - Country Data tainability.google
Explorer
Sidewalk Labs Neighbour- | Framework, Simu- https://hello.delve.
Delve Web No 3D - - hood lation sidg\i/alkleass.;\r/:
Google COVID )
mobility change | Web No 2D | - - - Data A
data
F K Si thps://?n*rocd.s,
En-Roads Web Yes 2D | Yes - - lég?newor +2Imu g';g“,iﬁi‘n”;ﬁ;‘ﬁ'lf
12v=2729
Urban Data Lab - No - - - - Service ey
Archilyse - No - - - - Service r’y‘;teéigmww.urchi—
. . https://swissprop-
Swiss Prop Tech - No - - - - Service tech.ch
Senozon - No - - - - Service https://senozon.com
. https://www.space-
Space Maker Al - No - - - - Service makeraicom
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Appendix: 8.4. Publications During the Doctoral

Studies (Excerpt)

This publication results from the SNF SCOPES research project "“Smart and Creative Cities in Central-
Eastern Europe” from 2015-2018 at the Chair of Architecture and Urban Design at ETH Zurich.

For this dissertation, we emphasised the development of the interactive 3D web interface, which
included a data collection workshop in Belgrade from the 01.06 until the 05.06.2017 and a workshop in

Sarajevo from the 17.10 until the 31.10.2017.

We summairrised this publication’s result under the chapter: "Design Your City: Lab Interactive Map”.
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The intention of the lab is to create context specific stra-
tegies and interventions for the development of each
city in the CityActionLab. The lab is a virtual space that
is able to generate urban scenarios and to encourage the
implementation potential of projects with the insight

of local inhabitants’ proposals. The Lab allows the user
to locate a site in the city with an awareness of the cha-
llenges and potentials explained to them in the CityAc-
tion aspect of the site. Thereafter, the user can suggest
an intervention, specifying the height, in order to show
the impact of densification in the city. In specifying
interventions, users are able to detail the function of
the intervention through word descriptions, and attach
functions that are suggested in the action aspect of the
site. Once the intervention has been suggested in the
lab, other users are able to view and comment on the
urban proposal. The site gives an indication as to how
many other people support or do not support ideas and
displays comments for reading. The aim of the lab is to
encourage a sharing of ideas, and to observe and learn
how people would like to grow their city. The overall
process allows urban planning and design stakeholders
to implement proposals in the economic and political
space with situated impact tailored to the needs of the
inhabitants in that particular city. The Lab is a space
that encourages how bottom up processes can meet

top down processes in an accessible language of play

in the city.
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Urbon— Urbon—
Thinklank Thinklank
e Emaiich

DARCH DARCH

0l. General overview of the 3D map interface. 02. Layerselection for elements to be displayed.
Existing elements and proposed strategies by
users.

fﬂ‘un m‘un
DARCH DARCH

03. Search function for finding proposed 04. Generate new content by user. Propose

elements by username, title, description, new ideas for a chosen location. Chose a

intervention and/or tool. predefined feature from a selection of the

proposed toolbox.

Create
feature

Urban—
Thinklonic

Emzicicn

DARCH

05. Describe the idea. 06. Specify the username.
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oleioim

residentia
block

07. Click on existing user generated ideas and
proposals for more information and comments.
Comment them, Like or Dislike them.

ese ¢

fﬁnu

Urban—
ThinkTank

i o

DARCH =

09. Study the timeline and history of the
different locations.

Urban—
ThikTank

Emuincn

DARCH

II. Check interactive maps for more information
about the location, such as landuse, mobility,
occupancy or reference points.
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=

BROBET
@ NN

W TN

BONG

Urban—
TrinkTank

Emziich
DARCH

N

08. Read about different proposals for Actions
in the Toolbox

lﬁicle: The Hawker, the Band, the
Tycoon and the Creative Director
Urban reuse in the post-socialist city

Urban—
ThikTank

Emuicn

DARCH

——
| s

10. Read articles of researches in the given
context.
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The intention of the Action component of the City Action Lab pla-
tform is to provide a toolbox of strategic potential interventions
that can be used when intervening in the Lab space. Each action
is born out of a potential response to a challenge in the cities of
study and explained in a simple way, so as to allow various users
to understand the capacity of the toolbox. The idea is to encoura-
ge bottom-up creative initiative by equiping people with a com-
prehensible toolbox.

REVIVE RE-USE
RE-PROGRAM

Restoring and re-purposing
listed buildings would help
to reverse the state of decay,
while generating employment
opportunities and promo-
ting awareness of cultural
assets. To revive vacant and
deteriorating sites at low-
cost, as well as building future
capacity, a scheme should be
implemented combining res-
toration work with targeted
vocational training

KIDS ON
THE BLOCK

Playgrounds provide social,
physical, and developmen-
tal benefits for children, as
well as welcoming spaces for
cross-cultural interaction.
While playgrounds reinforce
community cohesion, in the
end, proximity predicts use.
A series of publicly owned

vacant lots could be transfor-

med into playgrounds

URBAN THEATRE

Vacant lots could be trans-
formed into open-air theatres
or pop-up cinemas projecting
on to the exposed facades

of adjacent buildings. The
urban theatre prototype
consists of a simple steel
frame accommodating tiered
audience seating, along with
small wooden palettes that
can be used as extra seating,
planters, or stage elements.
Additional programs like a bar
or market stalls can also nest
under the elevated structure.
Beyond theatrical productions
and film screenings, these
multi-purpose facilities could
host local street festivals and
public artinstallations.

PLUG IN PLUG ON

The ‘Plug In-Plug On’ system
represents a simple, inexpen-
sive kit of parts that prepares
buildings for public and priva-
te use. The system comprises
a catalogue of new infrastruc-
tural elements to support
accessibility and circulation. In
unfinished buildings, forins-
tance, a temporary stair core
with provisions for plumbing
toilets and electricity could
be added, along with simple
railings and surfaces.

POTENTIAL PROTOTYPE INTERVENTION

N
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LITERARY KIOSK

Kiosks in the city centre could
be re-purposed and added to
serve as small-scale libraries
or book exchanges that
contribute to the integration
of diverse communities. The
revamped kiosk design could
include both book storage and
seating to encourage patrons
to linger in an open-air ‘rea-
ding room’.

MOBILE SCHOOL

The ‘Mobile School’ model,
which began in Guatemala and
Bolivia, represents a way to
re-engage children locked out
of the conventional schooling
system through informal edu-
cational activities delivered

in a familiar environment.
Combining and adaptable mo-
bile school cart with tailored
educational games that touch
on themes from literacy and
numeracy to health awareness
and creative therapy, the
program would not only break
down social barriers, but also
temporarily activate underu-
sed public spaces in the city.

MOVING ON UP

Connecting clusters of
rooftops using a system of
simple elements Like stairs
and ladders could not only in-
troduce a new form of vertical
accessibility, but also open up
the possibility of elevated ne-
tworks of semi-public spaces
for neighborhood interaction
and integration

DRIVE MY CAR

The peer-to-peer car-sharing
model operated in German
cities by ‘Tamyca’ could be
introduced in the city centre
as a way to incentivize lower
rates of car ownership, libe-
rate public space dedicated to
parking, and reduce conges-
tion. Using an online platform,
car owners could rent out
their vehicle when it would
otherwise be sitting idle, most
often to neighbouring resi-
dents. Maximizing efficiency,
itis estimated that one car
participating in this car sharing
scheme is able to compensate
for up to nine cars usually on
the road.

SELF SUFFICIENT
BLOCK

A decentralized energy
system achieved through the
installation of rooftop pho-
tovoltaic and thermal panels
could allow buildings to be-
come partially self sufficient,
reduce the cost of mainte-
nance over time, and lessen
the energy burden on the city.
Excess energy generated via
this updated infrastructure
could be sold back to the

city grid, raising revenues for
reinvestment. In time, various
blocks could be brought toge-
ther in a neighborhood-scale
network, consistent with a
‘district energy’ model

223 03. Lab

POCKET PARK

Cutting through these fences
to create new entry and exit
points, as well as the carving
out of low-cost bench seating,
would be a simple way to
realize the true potential of
existing fragmented “pocket
parks” as engaging neighbor-
hood green spaces. Similarly,
minor improvements like the
planting of additional trees
and shrubs via a participatory
community process would not
only increase visual appeal
and adress issues of neglect,
but also help shift expecta-
tions about future maintenan-
ce and upkeep by promoting
local ownership.

MULTICULTURAL
MARKET

The addition of a lightweight
roof over the often-deser-
ted square would provide a
protected area for all weather
conditions, while a simple and
adaptable scaffolding-based
support structure would also
create spaces for temporary
mobile vendor stalls. Addi-
tional public seating beneath
could complement these
interventions. Due to its flexi-
ble design, the market would
be able to accommodate
other uses at different times,
including events to activate
the square and surrounding
streets in the evening, when
activity usually ceases after
the adjacent central market
closes.

GET PHYSICAL

Sport has the capacity to acti-
vate unused spaces while pro-
ving safe, inclusive environ-
ments for children and youth,
as well as promote healthy
lifestyles for residents of all
ages. Several of the vacant
lots in the city center are
larger than a single building
plot. With the addition of a
simple roof design and basic
landscaping, these could be
transformed into year-round,
multifunctional playing spa-
ces. Similarly, a manual that
outlines the field dimensions
and basic infrastructure re-
quired for a range of popular
sports and games would
empower local communities
to repurpose smaller lots.
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0l. Main navigation menus of the platform
02. User generated input for strategies

03. Search mask to find existing elements and strategies
placed into the platform

04. Navigaton including layerselection

05. Main 3D interactive canvas

During several onsite workshops in Belgrade and Saraje-
vo following existing key elements including a 3D building
survey where collected on a open source platform made
accesible through the City Action Lab platform:

Commercial objects Pedestrian paths

Highways Private institutions

Informal activities Public housing
Informal paths Public institutions
Recreation

Leisure

Parking Urban gardening

© ) 6 6 &k
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VERTICAL GYM

The ‘Vertical Gym' is a
low-cost, flexible design

for a multi-level recreation
complex, comprised of a pre-
fabricated kit of parts that can
be assembled in three months
and customized to maximize
the latent potential of any
public space. The foundation
slab is superimposed upon

an existing sports field, while
the structure can be custom
configured over four levels to
support a multitude of sports
and cultural activities, capped
by a rooftop open-air playing
pitch with covered spectator
zone. The gym can also be
adapted to the needs and
means of clients, whether by
building specific parts, or in
phases over time.

PROGRAMMED
PARKLET

The ‘parklet’ model initiated
by Rebar in San Francisco re-
presents a simple, ‘user-gene-
rated’ strategy to expand the
public realm where existing
sidewalk width is insufficient
to supporta vibrant street
life. Parklets are inexpensive
projects that occupy curbside
parking spaces and provide
pop-up public amenities or
micro green zones. Similarly,
in constrast to partial sidewalk
extentions intended largely

to boost walkability and
reduce traffic flows, parklets
play a more dynamic role as
multi-functional public spaces
capable of hosting a range of
flexible programs.

COUNTDOWN
SIGNALS

Elderly and disabled people
need to know they have
sufficient time to complete
their crossing safely. The
introduction of a network

of pedestrian countdown
signals at key intersections,
informing pedestrians of the
remaining seconds available
for them to cross, would be a
simple and inclusive gesture
to improve the accessibility
of the city center. Once extra
municipal funds became
available, additional crosswalk
enhancements could then
follow in specific locations,
including extending crossing
times, shortening crossing
distances by altering curbs
and sidewalks or constructing
pedestrian islands, restricting
vehible turns, and narrowing
roadways.

STOREFRONT
BIKE LAB

The lack of bicycle infrastruc-
ture remains a key stumbling
block though to mass uptake,
including an absence of secure
public parking and storage fa-
cilities to protect against van-
dalism and theft. In response,
vacant storefronts adjacent to
major transportation hubs and
other focal points throughout
the city could be transformed
into a dispersed network of
24-hour ‘Bike Labs’. These
well lit, but access restricted
spaces could be fitted with
wall mounted vertical racks to
maximize capacity, and include
repair stations with tools,
pumps, and other maitenance
equipment.

CITY FORUM

A new civic laboratory with a
permanent physical presence
in the city center could
function as a neutral partici-
patory platform encouraging
closer collaboration between
citizens, urban researches,
designers, local councils, and
municipal officials. The ‘City
Forum’ could further encou-
rage the CityActionlLab app
for civic engagement. The City
Forum could engage residents
in the redesign and maitenan-
ce of the built environment
as a means to boost social
inclusion, sustainability, and
livability.

City Action Lab

TABLE TO GO

The ‘Table to Go’ is a modular
prototype that seats 2 people
and could be towed around
by a single cyclist. Due to its
portability, it could be used
to foster new encounters
between diverse groups of
citizens, while also activating
empty public spaces. The mo-
bile table represents a flexible
piexe of micro-infrastructure
that could further streng-
then efforts of community
solidarity.

MOBILITY HUB

The ‘Mobility Hub’ is a new
prototype that could be
implemeneted in key transit
nodes to not only facilitate
and augment links between
mobility options, but also
densify and program these
strategically important public
spaces. Each hub is comprised
of a roof structure that would
provide the basic framework
for a nested set of related
programs. While flexible, in
time these could potentially
include bike parking (and even-
tually bike sharing), charging
stations, public restrooms,
seating, and micro retail.

APPENDIX

PARASITIC
SEATING

The provision of public seating
is a simple gesture that encou-
rages lingering, interacting,
and the use of public spaces
as more than throrough-
fares. Given the continued
lack of funds available for
public investment, a quick fix
solution could be to introduce
low-cost, parasitic designs
that attach to existing urban
infrastructure. For instance,
signposts, traffic lights, and
railings can all provide the
support for simple, mounted
chairs and benches that favor
functionality and material
efficiency. More importantly,
their easy installation and
replication would empower
local communities to reshape
the urban fabric of their neigh-
borhoods to better suit the
patterns of everyday life.
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FILLING THE VOID

Inserting punctual vertical
circulation interventions in
existing socialist buildings to
include new functions that
will complement housing
according to the needs of the
local and their personal adap-
tations. These can include ur-
ban gardening, play spaces for
children and workspaces that
can be accessed by residents
giving choice for semi-public
recreational space.
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THE CAR TOWER

The car tower aims to resem-
ble the six existing towers in
volume and rhythm of the
facade in the it’s particular
site of intervention. All the
cars parked on the ground in
the surrounding area will be
placed in the tower alleviating
the ground level with space
for public use. The car tower
aims at encouraging people
to use cars less with reduced
parking convenience.

MOBILE BOXES

By reoccupying parking spaces
with small scale interven-
tions, the mobile box aims

at discouraging private cars
from parking on the street and
encourages people to enjoy
and use public space. These
mobile boxes are prefabrica-
ted and can adapt to various
functions according to the de-
mand and needs of the locals.
The functions should differ
and be located at comfortable
walking distances in order.
This has potential to diversify
the monofunctional landuse
of thesite and encourage
pedestrian movement through
the landscape.
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Appendix: 8.5. Exhibitions During the Doctoral
Studies (Chronological Order)

Figure 134: Places en Relation / Centre Pompidou, Paris, 21.01.2018 - 24.02.2018 - CIVIC CITIES NETWORK
#horspistes13 / Centre Pompidou, Co-Directors: Alfredo Brillembourg & Hubert Klumpner, Core Team:
Melanie Fessel, Diego Ceresuela, Michael Walczak.

Source: http://u-tt.com/exhibition/places-en-relation-centre-pompidou-paris/; accessed 18.12.2020

Urban — Centre Pompidou
ThinkTank

Figure 135: Stills from Sectionmaker exhibited at Places en Relation / Centre Pompidou, Paris, 21.01.2018
-24.02.2018 - CIVIC CITIES NETWORK #horspistes13 / Centre Pompidou.
Source: Michael Walczak (2018)
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Figure 136: Webpage of “ciudad isla” exhibition in Bogotd.
Source: https://ciudadisla.com; accessed 03.02.2021
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Appendix: 8.6. Teaching During the Doctoral

Studies
Elective Fall '19

NSRRI
reative

RS SA

The course aims to use diverse qualitative
researchmethods and practical recordingtools to
interrogate the notions of place-making, map-

making, and socio-spatial navigation through a multi-

disciplinary lens including urbanism, social research
and media use.

Figure 137,138 and 139: Elective poster on the
Chair of Architecture and Urban Design website
at ETH Zurich. In Fall 2019 placing films into
digital models using the Unreal Engine and
Adobe Premiere, in Spring 2020 and Fall 2020
putting digital models into films using Cinema
4D, Adobe Aftereffects and Adobe Premiere Pro.
Teaching team: Prof. Hubert Klumpner, Klearjos
Eduardo Papanicolaou and Michael Walczak. In
total, 61 students attended the three editions.
Source: Klearjos Eduardo Papanicolaou (2020)

Start: 17. February 20
10:00 ONA, E16

Prof. Hubert Klumpner
Doz. Klearjos Eduardo
Papanicolaou

Arch. Michael Walczak

Elective Fall '20

ﬂ'l?,l )l(!rban

'If photography is truth, cinema is truth 24 frames per second;, the
words of Jean-Luc Godard guide us we disentangle the complex urban
landscape through image and sound.

This course develops new forms of urban literacy by combining
ethnographic social research methods with filmmaking (using
smartphones and Adobe Premiere Pro) and 3D modelling (using the
Adobe After Effects and Cinema 4D).

Figure 140: Exemplarily still of student work, semester fall 2020 at ETH Zurich, Chair of Architecture and
Urban Design. We are using Cinema 4D, Blender, Adobe Aftereffects and Adobe Premiere Pro.
Source: Vinzenz Leuppi (2020)
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Figure 141: Exemplarily still of student work, semester spring 2020 at ETH Zurich, Chair of Architecture
and Urban Design. We are using Cinema 4D, Adobe Aftereffects and Adobe Premiere Pro.
Source: Pierre Maxime Jean Bertrand Ligen (2020)

Figure 142: Exemplarily still of student work, semester spring 2020 at ETH Zurich, Chair of Architecture
and Urban Design. We are using Cinema 4D, Adobe Aftereffects and Adobe Premiere Pro.
Source: Geraldine Patricia Clausen & Ming Fung Ki (2020)

Figure 143: Exemplarily still of student work, semester fall 2020 at ETH Zurich, Chair of Architecture and
Urban Design. We are using Unreal Engine and Adobe Premiere Pro.
Source: Laure Dekoninck (2019)
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in the Urban-Think Tank Chair of Architecture and Urban Design, Prof. Alfredo Brillembourg and Prof.
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Students are introduced to design methods and tools for

through cultural co-production, festivals,
exhibitions, celebrations, and case-studies from the Urban-Lecture
Series

Strategic concepts respond to, negotiate and link produictive
collisions with diverse processes and factors that shape densification
of city blocks and streetscapes. Considering day-light, programming
and imagining growth processes, small scale neighbourhoods are
transformed into legitimate districts, towns and Cities within Cities.
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Figure 148, 149 and 150: Design Studio Posters of Fall 2019, Spring 2020 and Fall 2020 in the Chair
of Architecture and Urban Design, Prof. Hubert Klumpner, at ETH Zurich. Michael Walczak,
Introduction to Graphic Tools: Rhinoceros3D, V-Ray, Grasshopper3D, Illustrator, Photoshop,
and InDesign.

Source: https://klumpner.arch.ethz.ch/teaching/design-studio; accessed 18.12.2020
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Appendix: 8.7. Conferences During the Doctoral
Studies (Chronological Order)

Ga
m
es

Ke

. YNote speaker, Alfredg
rillembourg ang Michael

Walczak, Urban Think Tank

Figure 151: #4 International City-Gaming Conference, Games for Cities Conference at the Het
Nieuwe Instituut (NAi), Rotterdam, 20. - 21.04.2017. The Games for Cities programme hosted the first
international conference on city-games, with leading “city-game” design experts from around the
world together with urbanists and decisionmakers, exploring the role for play and games in city-
making strategies. Invited Keynote Speakers: Alfredo Brillembourg and Michael Walczak.

Source: Play the City (2017)
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EPFL 2018 International TechdDev Conference 2018 Tech4Dev Preliminary Program » Breakout Sessions > DAY 1—Monday 2 May English
[EVE09-HAB] Preferential City Making: New digital Tools for In-situ Informal Settlement Upgrading

COOPERATION & DEVELOPMENT CENTER CODEV

# LeCODEV Chaire UNESCO Recherche Formation Conférence

[ESCO MOOCs pour le développement Réseau RESCIF CODEV calls

Share:

[EVE09-HAB] Preferential City Making: New
digital Tools for In-situ Informal Settlement

. Contact
Upgradlng EPFL CODEV

CM 2 - Station 10 Tel +41 21 693 60 12
DAY 1 — Wensday 27 June - 1:30pm-3:00pm CH-1015 Lausanne
SwissTech | Room 2B | Level Garden

cooperation@epfl.ch
Where to find us?

Cflin S E RS

LAST PUBLICATIONS

Planning the Intermediate City, or How to Do Better with
Li of the Ci ve de Julio, Argentina,
Prof. Jean-Claude Bolay

Presenters

Rapport annuel 2017

EPFL Mag
les grands défis planétaire:

S

Scott Lloyd,
URBAN-THINK TANK ETHZ, Switzerland

lloyd@arch.ethz.ch

Scott Lioyd MSc. ETH Arch. SIA works on architecture, publishing and curatorial projects with focus on
alternative urban environments and the politics and aesthetics of space. He is currently a research
coordinator at the Urban-Think Tank, ETHZ where he leads workshops on design and construction and
coordinates the design studio. He currently operates between Zurich and Cape Town on designing and
implementing participatory spatial planning workshops, negotiating research and design innovation with
local construction industry and labor practices, and oversees the integration of an interface application and
computational analysis from affiliated ETHZ departments.

Khensani de Klerk,

URBAN-THINK TANK ETHZ, Switzerland

deklerkk@student.ethz.ch

Khensani de Klerk is an architectural designer having recently obtained her Bachelor in Architectural
Studies undergraduate degree with distinction at the University of Cape Town, South Africa. She has
worked at DesignSpaceAfrica among other Cape Town firns that focus on social architecture. Her interest,
work and writing focus on the relationship between identity politics and architecture, an evident response to
a socially troubled Post-Apartheid South Africa. She writes about these notions of Intersectional Space in
her blog Matri-Archi(tecture)

Michael Walczak

URBAN-THINK TANK, ETHZ

walczak@arch.ethz.ch

Michael a architect, researcher, lecturer and assistant. He has studied architecture at the Bem University
for Applied Sciences (BFH) in Burgdorf, where he attended a project semester at Stanford University and
an exchange semester at the Bremen University of Applied Sciences. Michael is bridging interdisciplinary
to the ETH Zurich institutes Laboratory for energy conversion (LEC) and the ISTP Urbanization Research
Incubator. He is currently working on a PhD between ETH and the University of Applied Arts in Vienna and
lecturing on digital technologies at the University of Applied Sciences and Arts Northwestern Switzeriand
(FHNW) in Muttenz.

Summary

The interactive workshop will be focused around a role-playing simulation of an insitu urban
upgrade supported by a physical model of an informal settlement and real-time digital
planning tool simulations. Participants will be assigned a role as a resident and be given
certain parameters and preferences that will shape the decision making and input to the
digital tools (current unit size, ial neighbors, i

family size) with this, participants will then select preferred locations and unit sizes

and participate in the group discussions on preferred street layouts, courtyard sizes. The
structure will be formatted to maximize participant preference inputs based on assigned
roles and encourage debate and negotiation.

Agenda and Speakers

INTRODUCTION PRESENTATION (25 mins)
Presentations by:

— Scott Lloyd, Australian, Architect / , U-TT ETHZ, ethz.ch
— Khensani de Klerk, South African, Social Entrepreneur / Researcher, U-TT ETHZ,
deklerkk@student.ethz.ch — Michael Walczak, Polish, Architect / Researcher, U-TT ETHZ,

walczak@arch.ethz.ch

FIND AND MEET (10 mins)
Participants are given data sheets that correspond to specific units on the model. Participants are asked to
find their unit and assume the character of the unit resident.

LAND READJUSTMENR EXERCISE WITHOUT DIGITAL TOOLS (25 mins)
Participants are requested to negotiate a land readjustment for the settiement based on guidelines givenn by

Figure 152: Interactive workshop using digital tools for land readjustment at the International
Tech4Dev: Voices of the Global South UNESCO Conference, EPFL Lausanne, 27. - 29.06.2018.

Source: https://archiveweb.epfl.ch/cooperation.epfl.ch/cooperation/2018tech4dev-program-day1-
ev09-hab_1/index.ntml; accessed 05.01.2021
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MATICA BOSNE i HERCEGOVINE Mini Economic Forum

INTERNATIONAL CENTER OF MATICA BIH Bosnia Herzegovina
BLEICHERWEG 64A
CH-8002 ZURICH

8" Mini Economic Forum Bosnia Herzegovina
Annual Meeting 2018

29" November 2018, Thursday 14:00 to 17:00
Zurich University of Teacher Education, Lagerstrasse 2, 8090 Zurich (LAB-F040)

TOPIC

DIGITALISATION AND THE TECHNOLOGICAL TR ANSFORMATION IN THE COUNTRIES IN SOUTH-EASTERN EUROPE
SoCIETY | DIGITAL TRANSFORMATION [BUSINESS | ECOSYSTEM | INNOVATION [EDUCATION | RESEARCH

Agenda

13.30 Registration

14.00 Presentations, short-inputs, & 10 minutes

15.00 Open forums

16.00 Apéro & Networking (LAB-F000)

17.00 Short city walk

17.30 Field visit in the City Zurich, KOSMOS (https://kosmos.ch/
19.00 Dinner in KOSMOS

Speakers

Prof. Dr. Hubert Klumpner, Head of ETH Zurich institutes Urban-Think Tank Chair of Architecture and
Urban Design & Architect Michael Walezak, PhD candidate, ETH Zurich Chair of Architecture and Urban
Design, Laboratory for energy conversion (LEC) and the ISTP Urban Research Incubator

Title : Digitalisation and urban transformation

Dr. Adis Merdzaovié, Political scientist & journalist

Title: Democracy in the Digital Age
Semir Musinovi¢, Dipl. Eng. Adviser for spatial planning and investments, Mayor’s Office, City of Sarajevo

Title: Digitalisation and the future challenges in the City Sarajevo

Anna Schindler, Director of Urban Development Office, City of Zurich

Title: Smart City Strategy

Prof. Dr. Muhamed Hadziabdi¢, International University Sarajevo & Dr. Adnan Masié, Faculty of Me-
chanical Engineering, University Sarajevo

Title : Digitalisation and science - practical experiences

Sibylle Higler, State Secretariat for Economic Affairs, Economic Cooperation and Development

Title: Urban Infrastructure - Challenges and Potential of Digitalisation in Developing and Transition Coun-

tries
MATICA OF BOSNIA AND HERZEGOVINA MATICA DE BOSNIE - HERZEGOVINE MATICA BOSNIEN UND HERZEGOWINA
INTERNATIONAL CENTER OF MATICA BIH SIEGE INTERNATIONAL DE MATICA BIH INTERNATIONALER SITZ DER MATICA BIH

Figure 153: Presentation of "Digitalisation and Urban Transformation” during the program of the 8th
Mini Economic Forum of Bosnia Herzegovina hosted in Zurich on the 2911.2018.
Source: Matica of Bosnia and Herzegovina (2018)
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MATICA BOSNE i HERCEGOVINE Mini Economic Forum

INTERNATIONAL CENTER OF MATICA BIH Bosnia Herzegovina
BLEICHERWEG 64A
CH-8002 ZURICH

Aims of event

e This is a standard periodical meeting to discuss and review the current economic situation in BiH

In the long term, it should enhance economic links between Switzerland (and Europe) with Bosnia, aim-
ing at stimulating its economy and reducing unemployment

Tt should contribute and help Bosnia to emerge from its current economic low position

Tt should analyse the ways of encouraging investments in Bosnia

Tt should build up a network of people who share common commercial interests and aims

Tt should highlight the advantages and problems arising through business connections with Bosnia

If you need further information, please don't hesitate to contact us via mail or below the number +41 76 399
68 69.

8™ Mini Economic Forum Bosnia Herzegovina has been organised in open cooperation with:

AL
m
v
Grad Sarajevo
City of Sarajevo

o UI"bGn — o] Arhtektonsia
ETH:zurich ThinkTank =4

Bl Zavod za planiranje razvoja
Kantona Sarajevo

Stadt Zirich
Stadtentwicklung

Figure 154: Aims and partners of the 8th Mini Economic Forum of Bosnia Herzegovina hosted in Zurich
on the 29.11.2018.
Source: Matica of Bosnia and Herzegovina (2018)

Figure 155: Participants of the 8th Mini Economic Forum of Bosnia Herzegovina hosted in Zurich on the
2911.2018.
Source: Matica of Bosnia and Herzegovina (2018)
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E’"ZUfICh SHARELAND Doctoral Colloguium
Background Expert Critics Programme Call for Papers - CLOSED Venue/Travel Information
Homepage > Programme
= subnavigation Programme
Openall 4 Closeall —
Plenary Schedule Open +
Thematic Track Session: 'Sharing’ (ONA E16) Open +
Thematic Track Session: ‘Dwelling’ (ONA E 30) Open +
Thematic Track Session: ‘Co-creating’ (ONA E 34) Close —
Begins Details
16:00 MICHAEL WALCZAK
Qualitative visualization of quantitative
urban models impacting policy decision
making: A case study of urban infrastruc-
ture intervention
16:40 Moderated Discussion

Registration Q

ETHzirich W
DARCH

SHARELAND

'DOCTORAL COLLOGUIUM
Aprit

Figure 156: Paper presentation at the Shareland Doctoral Colloquium, ETH Zurich, 06.04.2019.
Source: https://shareland.colloquium.arch.ethz.ch/programme.html; accessed 05.01.2021

Figure 157: Participants of the Shareland Doctoral Colloquium, ETH Zurich, 06.04.2019.
Source: https://shareland.colloquium.arch.ethz.ch; accessed 05.01.2021
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Athens Institute for Education and Research
A World Association of Academics and R rchers
25 Years of Non-Euclidean Improvement

Home Page Mission Policy E; C ion General i icati Web Tv Contact

10" Annual International Conference on Urban Studies & Planning
Program (Athens Local Time)

(In the program presentations are included from all the subjects scheduled to be presented in parallel)

(Note: each presentation includes at least 10 minutes for questions and di: ions if

Tuesday 2 June 2020

13:00-13:30
David Michael Kretzer, PhD Student & Research Assistant, ETH Ziirich, Switzerland
Michael Walczak, PhD Student & Research Assistant, ETH Ziirich, Switzerland.Title: The Impact of Vertical Densification on Public Lighting in Informal Settlements: Using

Virtual Environments as Evaluation Tool for Policy-Making. (PowerPoint)

There are a variety of reasons to support the premise that public lighting is beneficial to urban communities. However, the provision of public lighting in informal settlements is
challenged by their constant physical transformation. The aim of this paper is to evaluate Virtual Environments' (VE) application in lighting planning and policy-making. Even

though VES offer the opportunity to explore an environment by freely navigating through it, including environments which change over time, this feature is rarely taken into

account in decision-making processes. A VE-based analysis tool for informal settlement lighting based on a case street in the informal settlement Caracoll in Bogotd is

presented. A household survey, spatial , participant’s obse s, and luminous intensity distribution curves constituted the main data basis for the VE

scenarios. Ti data on the of Caracol’s informal dwellings were collected by the household survey, and those data then projected into past,

present and future night-time scenarios. Customized game engine technology and GPU computing was used, which allowed for real time visualization of various lighting
scenarios. This setup therefore enables fast iterative feedback loops with regards to current and future lighting policy scenarios and the resulting lighting design. On the one
hand, a VE can illustrate well how the current lighting policy results in a significant delay of lighting provision in the early stage of a settlement. Furthermore, that there is a
mismatch between lighting technology and the built environment during the vertical densification phases. On the other hand, the VE is able to show alternative lighting
technology and policy approaches as well as the resulting lighting effects. This allows for a visual comparison of different policy scenarios over several decades. It will be
concluded by arguing that the dynamic VE technology seems to be a promising decision-making tool to illustrate potential planning and design shortcomings, in layman’s

terms, to policy stakeholders.

Figure 158: Paper presentation at the 10th Annual International Conference on Urban Studies &
Planning, 01. - 04.06.2020, Athens, Greece.
Source: https://www.atiner.gr/2020tra-pro; accessed 05.01.2021

kunst mailsystem ufgonline deutsche version  Q
universitat

linz

University Studies Arts.Research Gallery Current

Studies: Degree Programmes > PhD Study > News

back

3. Doktorand_innen Symposium
der Architektur sy @

mposium der Architektur

SYMPOSIUM

17.und 18. Oktober 2019
Kunstuniversitat Linz, Hauptplatz 6, 5. OG, Reprasentationsraum West

Das offentliche Symposium bringt Doktorand_innen der sechs
kooperierenden Universitdten zusammen mit dem Ziel, aktuelle
Perspektiven der Architekturforschung zu diskutieren.

FREITAG -
18. Oktober 2019 ][ atademiede idenden inste wen
09.00 bis 12.15 Uhr dl:'AﬂgGWAndte

PANEL I11: CITY / URBANISM (in English)
Respondentin: Lina Streeruwitz

B universitat
Karin Miesenberger (Angewandte): Massively Parallel Cloud Construction. M innsbruck
Application Matrix for Emerging Technologies in the Implementation of
high-density Residential Construction Projects in challenging
Environments. Case Study “Slums in Mumbai”
Xian Zheng (UFG): Performative Urbanism as social strategy to research
village life
Kamile Batur (TU Wien): Istanbul between Fear and Hope. Governing by
Emergency
Michael Walczak (Angewandte): Qualitative visualization of quantitative
urban models impacting policy decision making: A case study of urban
infrastructure interventions

Figure 159: Paper presentation at the “3. Doktorand_innen Symposium der Architektur”,
Kunstuniversitét Linz, 17. - 18.10.2019.
Source: https://www.ufg.at/Newsdetail.6932+M53e86b656d5.0.html; accessed 05.01.2021

199 APPENDIX



Appendix: 8.8. Online Publications During the
Doctoral Studies (Chronological Order)

NS

Netzwerk Stadt und Landschaft
Network City and Landscape

Projekte  Lehre

Urban Game: Action! On the
Real City

Initiated in 2014, the Urban-Think Tank Chair is developing an urban game that aims to facilitate decision-making
and design processes to understand complex, real-life urban transformations in cities worldwide. Part
educational tool, part platform for scenario planning, the ongoing project supports a sustainable approach to
urban development while incorporating principles of social design.

The interest of the Urban-Think Tank Chair of Architecture and Urban Design in gaming arose out of our
commitment to exploring new forms of participatory planning. We were inspired, for instance, by the work of
Lucien Kroll, where an evolving physical model became a record of the design process. The first version of our
urban game, a board game, was conceived around the idea that there should be no winners or losers. The game
was developed as a basis for discussion and negotiation between different players adopting the roles of various
stakeholders in the process of urban development. Participants leant how to define common visions and justify
urban planning decisions in an integrated, iplinary framework free from itive dynamics.

The environment of the first prototype was a simplified tabula rasa grid that included a limited selection of urban
elements: building blocks (commercial, residential, and productive), roads, and public infrastructure. In the period
since, the game has been updated through an ongoing iterative process connected to a series of workshops and
elective classes with students. The second prototype increased the complexity by shifting the baseline scenario
to a pre-existing context and distributing specific stakeholder roles with clear individual objectives that were
linked by a common focus on improving the overall «urban quality». As a result, moves within the game evolved
from isolated decisions to more cooperative consensus-generating proposals.

The Ultimate Vision: A Gaming Tool for All Kinds of Urban
Planning

The third and fourth game prototypes are attempting to make the jump to digitalization, as a means to improve
elements of scenario projection and agent-based modeling. This will allow the better incorporation of factors like
time, land value, service delivery, and social cohesion. The main challenges encountered to date include:

of relevant ing the urban envi 0 of real case studies, and
the creation of a coherent and transferable «urban quality index». Our ultimate vision is to establish a suite of
physical and digital gaming tools that can be employed to support real-world planning processes at different
scales - from the reorganization of community housing in a South African township, to simulations that project
future scenarios across an entire urban territory.

Michael Walczak is scientific collaborator at the Institute of Science, Technology and Policy (ISTP). Author: Alexis
Kalagas.

Publikationen  Aktuell

Kontakt DE  Q ETHzirich

Dieser Artikel wurde im folgenden Newsletter
publiziert:

34 | Juni 2017: Ein Blick in die Zukunft
Autonome Fahrzeuge auf der Uberholspur?

The Future is (the Housing) Cooperative

Urban Game: Action! On the Real City

Visionierung in der partzipativen
Landschaftsentwicklung

Kurzmeldungen

«Common Water - The Future of an Alpine Resource»
- NSL Kolloquium am 21. Oktober 2017

Landschatt in einer neuen Dimension erleben
Renewable Energy Infrastructures for Switzerland
Theater for Informal Settlement

Filme zu guten Beispielen der Innenentwicklung

Publikationen
Cost-based analysis of autonomous mobility services
Reactivate Athens: 101 Ideas

Spielraume fr Dichte. Der

Methode fiir Verdichtung in kleinen und mittieren
Gemeinden

Autonomous vehicles: Pedestrian heaven or
pedestrian hell?

Effects of low speed limits on freeway traffic flow
Arcadia. A Journey into the Pastoral

Figure 160: ETH Zurich NSL Newsletter on the urban game: Action! On the Real City published in June

2017

Source: https://www.nsl.ethz.ch/urban-game-action-on-the-real-city/; accessed 18.12.2020
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University of Sarajevo About University ~ Study ~ Research and Cooperation  News and Events

Home ~ News  Cooperation between ETH Zurich and the University of Sarajevo on the Urban Transformation Project REACTIVATE SARAJEVO

UNSA NEWS

LATEST NEWS

Guest lectures at the

Cooperation between ETH

Zurich and the University of Wy ooerooenauo,
Sarajevo on the Urban
Transformation Project
REACTIVATE SARAJEVO

LLL-Courses for lifelong
learning within the Erasmus +
project ALL4AR&D

12/11/2020 - 17:14

The University of Sarajevo
Presents 19 Scientific,
Research And Development
Projects

12/11/2020 - 1701

The University of Sarajevo
Presents 19 Scientific,
Research And Development
Projects

12/11/2020 - 16:58

UNSA Student Support
Office: KJU Family
Counseling on Pandemic
Stress

Thursday, May 9, 2019 - 11:06 12/11/2020 - 16:53

As part of the Urban Transformation Project REACTIVATE SARAJEVO project, implemented by the
Department of Architecture ETH Zurich and the University of Sarajevo, from 7 May 2019, research
and measurements of wind and air flow in the Sarajevo area are carried out in the University of
Sarajevo Campus. The above research is carried out by a mobile station in the vehicle windRoverll
using the LIDAR system.

On Wednesday, 8 May 2019, H.E. Andrea Rauber Saxer, Ambassador of the Swiss Confederation in
Bosnia and Herzegovina was present at the project implementation. The attendees were addressed by
Prof. Dr. Rifat Skrijelj, University of Sarajevo Rector, who welcomed the attendees and expressed the
wish to further enhance the cooperation of the University of Sarajevo with one of the most prestigious
technological universities in the world such as ETH Zurich.

Visits were also attended by Mr. Patrick Egli, Deputy Director of the Swiss Embassy in BiH,, Prof. Dr.
Adnan Pasi
Cabinet of the Rector, Mr. Bojan Papi¢ from the Swiss Embassy in BiH, Mahmuta Maa Aganovié,

. team leader in front of the University of Sarajevo, Mr. Miroslav Zivanovié, Head of the

member of the local team of the project, Ms. Gordana MemiSevi¢, expert advisor of the Sarajevo
Canton Planning Burcau and employees Directorate for the construction and maintenance of the
UNSA Campus Iris Bilalagié and Mirza Mehakovié

Researchers from ETH Zurich, Bojana Papi¢ and Michael Walczak demonstrated the work of the
mobile measuring station to the gathered people and introduced them to her rescarch capabilities. The
research will contribute to a better understanding of the air flow through the Sarajevo basin, with a
special focus on the coverage of Marijin Dvor, which will greatly assist in the planning, design and

construction of new construction structures, which is the current problem of Sarajevo.

The project was supported by the Sarajevo Canton Development Planning Institute, SECO, the City
of Sarajevo, the City of Zurich and the Matica Bosne i Hercegovine.

UNIVERSITY OF SARAJEVO QUICK LINKS

2 Obala Kulina bana 7/1

71000 Sarajevo
Bosna | Hercege
Telefon: +3

E-mail: javnos

© University of Sarajevo | Contact | Freedom of Information and Ac

Figure 161: Presenting the "windRover" to the Swiss ambassador in Sarajevo, the rector of the
University of Sarajevo and the local team involved in the project. 09.05.2019.

Source: https://www.unsa.ba/en/novosti/cooperation-between-eth-zurich-and-university-sarajevo-
urban-transformation-project; accessed 18.12.2020
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NISL Noizskspdtond ndschat Pojckte  Lete  Pubikatonen Akuel  komaki  oe o ETHziirich

newsLetter
45 | May 2020: Partizipation /
Participation

Sehr geehrte Leserinnen und Leser

Das Jahr 2020 schafft Partizipationen. Und zwar dermassen viele, dass wir mit diesem Thema 44| Dezember 2019: Methoden / Methods
gleich diesen und den nachsten NSL NewSLetter filllen. Menschen beantworten die Fragen
von Architekten und Planerinnen, das neue Jahrzehnt bringt neue Herangehensweisen. Wir
hoffen, unsere Artikel inspirieren Sie zum mitmachen!

43| September 2019: Verdichtung / Density

42 Juni 2019: Politik und Raum / Poliics and
Space.

41 April 2019: Urbane Qualitat / Urban Quality

40| Dezember 2018: Technologie beeinflusst
Verhalten / Technology Influences Behaviour

39 Oktober 2018: Offentlicher Raum / Public
Space

38| Juni 2018: Big Data in der Forschung / Big Data
in Research

37 | Marz 2018: Arbeiten im internationalen Umfeld /
Interational Context Work

36| Dezember 2017: Gerauschkulissen
35| September 2017: Ressourcen

34 Juni 2017: Ein Blick in die Zukunft
33| Marz 2017: Ein Blick zurick

32| Dezember 2016 Infrastrukluren

31 Seplember 2016: Bezahibar wohnen
30| Juni 2016: Vogelperspektive

29| Marz 2016: Unter der Oberflache

28| Dezember 2015: Stadt und Nahrung

27 | September 2015: Abschiussbericht Future
Urban Design as Commoning: Remembering the History of Participation Ctlos [aboralcy ECH
26| Mai 2015 Nationalfondsprojekt 65, Neue

Marianna Charitonidou | chair of Tom Avermaete, History and Theory of Urban Design
Urbane Qualitat: Abschiussberichte

Under the headers of ', ‘participatory design’and ' participation is nowadays at 25 | Mars 20151
the centre of the debate on urban design. Architects and urban designers are develcping new concepts, L2882 onoRlg
tools and roles to comply with these new participatory modi operandi. However, it seems that it is 24 Dezember 2014 Energie(wends)
z that the issue ipation has a longstanding history. At the Chair of the History 23| Seplember 2014: Resibenz
and Theory of Urban Design (D-ARCH, gta) we explore this tracition of experiments with participatory
processes in the practice of urban design. 22 | Juni 2014: Aktivitaten des NSL-Mitielbaus
Mehr 21| Marz 2014: Informelle Siedlungen
20 | Dezember 2013; Visualisierungen
19| September 2013: Bahn und Raumentwickiung
18 Juni 2013 Verdichtung
Co-creating Public Lighting Technology and 17 | Marz 2013: Weiterbildung am NSL
Policy for Informal Settlements 16 | Dezember 2012: Nationalfondsprojekt 65: Neue
Urbane Quaitat
Michael Walczak & David M. Kretzer | chair of Hubert Klumpner, Architecture
and Urban Design | char of Reza Abhari, Energy Contersion | Urban Research 15 | September 2012: Inter- und Transdisziplinaritat
Incubator (ISTP)

14| Juni 2012: Wissenstransfer
The transdisciplinary research project «Virtual Environments as &
Decision-making Tool for Public Lighting in Bogoté» focuses on
lighting technology and its performance in Bogoté's densifying urban

13 | Marz 2012: Projekle des Future Cities
Laboratory in Singapur

pprosches ogether wit 12| Dezember 2011: Wasser / Landschaft
informal settlement dwellers and tested with Colombian policy- 11| September 2011: Ifrastrukturen
makers through & Virtual Environment,

10 | Juni 2011: Risko
Mehr

09| Marz 2011: Analyse unseres Verhaltens in den
Stadten

Figure 162: ETH Zurich NSL newsletter on "Co-creating Public Lighting Technology and Policy for
Informal Settlements” published in May 2020.

Source: https://www.nsl.ethz.ch/co-creating-public-lighting-technology-and-policy-for-informal-
settlements/; accessed 18.12.2020

Er,"ZUf'ICh Institute of Science, Technology and Policy

ISTP News Events About ISTP People Education Research Publications Q

Public Lighting in Informal Settlements:
Using Virtual Environments as an Evaluation Tool for PolicyMaking

#ISTP4Public Talk with
- Michael Walczak

Public Lighting in Informal Settlements: Using Virtual £ v
Environments as an Evaluation Tool for PolicyMaking

In the latest video of our "ISTP4Public” series, ISTP researchers David Kretzer & Michael Walczak
elaborate on the application of Virtual Environments in lighting planning and policy-making.
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Figure 163: Publication of the "ISTP4Public” talk “Public Lighting in Informal Settlements: Using Virtual
Environments as an Evaluation Tool for Policy Making” on the ISTP frontpage/splash screen.
Source: https://istp.ethz.ch; accessed 22.12.2020
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Appendix: 8.9. Policy Brief

ISTP Policy Brief

ETHzirich

A DIGITAL TWIN FOR
PERCEPTION MAKING IN
LIGHTING PLANNING

Digital simulations of lighting and urbanization
processes in informal settlements for policy
communication and evidence based decision
making processes.

Michael Walczak, 08/2020

INTRODUCTION

Lighting design tends to be a rather static process
that is conducted before the installation of
luminaires takes place. In a ‘formally’ built
environment, it can be expected that the street and
building design have been approved by a planning
commission and that little physical change will take
place in the future. Consequently, the lighting design
is likely to be adequate for several decades.
However, in an incrementally growing informal
environment (dwelling material, dwelling width,
dwelling length, and dwelling height are in a state of
permanent transformation), the quality of the
lighting design (done before the luminaire
installation) is unlikely to be maintained over a long
period of time.

Hence, a virtual lighting-design planning process that
considers future building-density scenarios is ideal.
Virtual reality (VR) based on virtual environments
(VE) represents a technological opportunity for time-
related design planning of this type. Existing VE and
VR frameworks permit real-time visualisations to be
performed using GPU technology. This makes it
possible to visually explore the planning outcomes
by freely navigating within a virtual space including
buildings, topography and vegetation. Custom
coding enables the implementation of further large-
scale time-related datasets such as architectural
structures (i.e. building year, material change), and
footfall (i.e. motion patterns of pedestrians).
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More recently, VR has been gaining attention not
only in the gaming industry, but also in scientific
research including medication treatments, human
decision-making, and analyses of human perception.

In short, Peter Weibel (2019) summarized it as
follows: “A static image can represent complex
information, but it is only through animation [VR]
that complex information and the impression of
reality can be transmitted over a series of images
shown in time.”

SUMMARY

Lighting design tends to be a static process compared to
nstantly changing and incrementally growing informal

environments.

Policy- and decision makers lack physical accessibility to
informal environments not only during pandemics and its
related ‘lockdown’.

Virtual access and communication for policy and decision
makers could overcome the lack of perception and

understanding of informal environments

Initiatives that focus on the development of digital twins of
informal environments, could provide valuable decision
making improvements in the form of planning scenarios,

To ensure benefits derived from digital twins and virtual
environments, new forms of communication media, such as
virtual reality are required.

Long-term presence of digital modelling practitioners could
enhance the productivity as well as well-supported
university programs for knowledge transfer/exchange.

Figure 164: Page 01/04 of the ISTP Policy Brief with the title: "A digital twin for perception making in

lighting planning.”
Source: Michael Walczak (2020)
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Key Findings and Policy Implications

Apart from the lighting planning, a VE/VR tool has
significant potential for lighting policy making in
informal settlements, since huge parts of cities in
the Global South may be informally built: 50% of
Bogotd, for example, is of informal origin. First of all,
access to informal settlements is often limited for
outsiders — both during the day and at night.
Furthermore, it can be limited because of crisis such
as pandemics and its resulting social distancing and
‘lockdowns’. A digital twin allows free visual
exploration of highly complex built environments
and urbanization processes that could also contain
temporal and motion data (including information on
the age, gender, and activities of people), its
interrelations translated into a visual experience.
The specific nature of incremental informal building
growth and its direct interplay with the lighting is
embedded into such a VE/VR tool as well, based on
best available survey data.

Furthermore, VE is not limited in terms of scale: it
could range from a one-room dwelling to a whole
city —and many of the required data for the creation
of the VE can automatically be processed from
sources such as satellite images, and cadastral and
census data. For policy makers, a VE/VR offers the
opportunity to assess large-scale lighting scenarios,
not only with regards to lighting quality but also
regarding aspects such as legalisation processes,
luminaire maintenance, lighting financing, and
electricity consumption. In addition to the
application of lighting planning, the VE/VR offers the

ETHzirich IsTP ...
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opportunity for policy makers to translate cadastral
data and satellite imagery into a visual archive of city
development including the time component. The
data in the tool presented could automatically
reconstruct a large scale informal settlement based
on cadastral data and satellite imagery, with an
uncertainty of only around one meter per fagade
which might be caused by overhangs. However,
since informal settlements are not bound to building
standards, which makes it impossible to accurately
predict future building characteristics, this one
meter of inaccuracy can still serve as a planning
basis.

Fig. 1: Percelving the virtual environment through different
media. Top left, 360-degree 3D screenshot of virtual
environment; top right, accessibility of clip through ,YouTube’
platform; bottom left, 3D view for left and right eye; bottom right,
policy makers in Bogotd exploring the VE clip through low-tech
goggles complying with social distancing and hygienic measures
during pandemics.

Figure 165: Page 02/04 of the ISTP Policy Brief with the title: "A digital twin for perception making in
lighting planning.”
Source: Michael Walczak (2020)
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Furthermore, a pixel color comparison of the virtual
environment with an actual photograph showed a
very high accuracy and suggests a high degree of
matching with reality.

RECOMMENDATIONS

Temporal 3D environments should be a priority for
planning departments: A VE appears to be a
promising tool for the evaluation of lighting
technologies in informal environments in addition to
common lighting calculations. It could
‘communicate’ the lighting characteristics to
different stakeholders in a manner understandable
to the layman — for example to the non-technical
staff of a city’s public lighting department, to the
urban planning department, to NGOs, to
international donors, and to the residents of
informal settlements. Moreover, the lighting
characteristics can be presented in a temporal way,
which would be a helpful evaluation tool for policy
makers because lighting policy consequences can be
projected over several decades.

Compared to a lighting evaluation based on numeric
calculation results, static renderings, or pseudo
colour images, a VE offers several additional key
possibilities for the planning of lighting for informal
settlements:

(1) Virtual accessibility: Due to limited access to
informal settlements, VE/VR allows the
immersive and virtual exposure, inspection and
planning of such settlements. VE/VR complies

Institut fiir Wissenschat, Technologie und Politik

with social distancing and hygienic measures
which could allow for virtual communication
with local residents.

Free navigation: The viewing radius in VE/VR is
unrestricted, allowing the observer to turn
around or to look up and down. Moreover, low-
tech head-mounted displays (HMD) adapt the
viewing direction to the natural movement of
the head. This allows for a better evaluation of
aspects related to the built environment such as
the feeling of enclosure in a very narrow street.
An observer can freely explore a three-
dimensional environment from an eye-level
perspective instead of relying on predefined
viewpoints or camera paths.

Dynamic objects: A VE can include moving
objects such as people which offers the
possibility of exploring fear of crime caused by
the lighting design in a more realistic way. As
well as dynamic lighting technology such as
sensor-driven adaptive lighting can be
simulated.

Urbanization processes such as densification:
Physical transformation of the built
environment including materialisation (e.g.

horizontal and vertical densification over time)
can be dynamically illustrated.

Numerous scenarios: In a VE, a daylight scenario
can be integrated as a direct comparison to the
night-time lighting scenarios, which helps to
study such effects on the fear of crime visually.
Thus, it may even be possible to simulate
dynamic elements of a daytime condition such

Figure 166: Page 03/04 of the ISTP Policy Brief with the title: "A digital twin for perception making in
lighting planning.”
Source: Michael Walczak (2020)
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Further Reading:

— Kretzer, D. M., Walczak, M. [shared first authorship], (2020). The impact of vertical densification on public lighting in informal settlements:
using virtual environments as an evaluation tool for policy making, Athens Journal of Architecture, 6, pp. 1-30.

— Walczak, M. (2019). Qualitative visualization of quantitative urban models impacting policy decision making, Symposium der Architektur,

Kunstuniversitat Linz.

~ Weibel, P. (2019). Kunst und Medien, Enzyklopéidie der Medien, Hatje Cantz Berlin.

as wind, moving clouds and trees, fog, or rain in
VE/VR. Scenarios could help decision makers to
visually and adequately assess ‘what if’"
questions.

Long-term involvement with universities: To
maximize the gains that can be potentially obtained
from digital twins and real-time visualization
technology, efforts must be made to encourage and
support the relationship with local and international
universities. Specific strategies could include PhD
programs, semester projects or elective courses to
strengthen the development and transfer of
knowledge. Specific case studies could prepare the
technology for decision making processes.

Who is involved in the mentioned actions:

Unidad Administrativa Especial De Servicios Publicos
— UAESP, Subdireccion Servicios Funerarios y
Alumbrado Publico, Bogota

Secretaria Distrital de Planeacién — SDP, Bogotd

Local residents from Caracoli district, Bogota

Institute of Science, Technology and Policy

The ISTP is a novel, policy-oriented institute at ETH Zurich that
combines research and teaching with a focus on policy,
interdisciplinary research and teaching at the intersection of
engineering-, natural-, and social sciences.

Mission Statement:

The ISTP seeks to support public policy-making processes by educating
future policy analysts and decision-makers, supporting innovative
interdisciplinary research with a policy focus, and promoting exchange
between scientists, policy-makers, and society.

Institut fiir Wissenschat, Technologie und Politik

Michael Walczak is a PhD candidate at the Institute of Science,
Technology and Policy (ISTP) working within the interdisciplinary Urban
Research Incubator (URI) focusing on Urban Transformation towards
safer, more inclusive Cities. His current research focuses on the
communication of urban infrastructure scenarios in Bogota, Colombia
and Cape Town, South Africa through the development of real time
visualization technology. A special emphasis lies on the interaction
with policy makers, local stakeholders and residents.

ISTP

ute of Science, Technology and Policy
Institut fiir Wissenschaft, Technologie und Politik

Figure 167: Page 04/04 of the ISTP Policy Brief with the title: "A digital twin for perception making in
lighting planning.”
Source: Michael Walczak (2020)
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Appendix: 8.10. C++ Code (Excerpt)

void AimportMobility::runGemSim ()

{

207

m_dCurrentTime = ((GetWorld()->GetTimeSeconds()) + timeAdd);
double CurrentTime = ((GetWorld()->GetTimeSeconds()) + timeAdd);
float nearest 02 = roundf (CurrentTime * 10) / 10;
float nearest = CurrentTime;
int time = 0;
int hour = 0;
int min = 0;
int sec = 0;
time = m dCurrentTime;
hour = time / 3600;
time = time % 3600;
min = time / 60;
time = time % 60;
sec = time;
GEngine->AddOnScreenDebugMessage (-1, 1.00f, FColor::White, FString::Printf (TEXT(,%f se-
conds“), nearest));
GEngine->AddOnScreenDebugMessage (-1, 1.00f, FColor::White, FString::Printf (TEXT(,%i hours,
%1 minutes, %i seconds“), hour, min, sec));
for (int i = 0; i < eventtimeFinal.length(); i++)
{

for (int j = 0; j < subNetwork->getLinkCount(); j++)

{

if (linkidFinal[i] == subNetwork->getLinkId(j) && (eventtimeFinall[i] ==

m_dCurrentTime))

{

int time = eventtimeFinal[i];
int person = personidFinall[i];

getxfrom = (subNetwork->getLink
j) ) ->getFromNode () ->getLocation
getyfrom = (subNetwork->getLink
j)) ->getFromNode () ~->getLocation

(subNetwork->getLinkId (-

0 .x0);
(subNetwork->getLinkId (-
0.y0);

getxto = (subNetwork->getLink (subNetwork->getLinkId(]j))->get-
ToNode () ->getLocation () .x());

getyto = (subNetwork->getLink (subNetwork->getLinkId(]j))->get-
ToNode () ->getLocation() .y ());

LocationStart = FVector (getxfrom,
LocationEnd = FVector (getxto, getyto,

getyfrom,
0.0f);

0.0f);

double distance =
j))->getLength());

(subNetwork->getLink (subNetwork->getLinkId (-

int traveltime = speedFinall[i];

float vehiclespeed = ((distance / traveltime) / distance);
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//%%%%%%%%%%%%%%%%%%%%%LOAD VEHICLES$%%%%%%%%%%%%%%%
FVector Direction;
FVector DirectionFinal;

LocationEnd - GetActorLocation() = Direction;

FRotator Rotation = FRotationMatrix::MakeFromX (LocationEnd -
LocationStart) .Rotator () ;

FActorSpawnParameters SpawnInfo;

Avehicle *vehicle = GetWorld()->SpawnActor<Avehicle> (Locati-
onStart, Rotation, SpawnInfo);

vehicle->SpeedV2 = vehiclespeed;

vehicle->LocationStart = LocationStart;
vehicle->LocationEnd = LocationEnd;

vehicle->id = person;
vehicle->starttime = time;

vehicle->getxfrom = getxfrom;
vehicle->getyfrom = getyfrom;

vehicle->getxto = getxto;
vehicle->getyto = getyto;

FString id label = FString::FromlInt (person);

vehicle->SetActorLabel (*id label);

//%%%%%%%%%%%%%%3%%%%%%%%%%%3RUNNINGS%%%%%%%%%%%%%5%%
vehicle->SetLifeSpan (traveltime) ;

break;

Figure 168: Real-time C++ code excerpt to execute and run "GEMSIim" public and private traffic
simulation data in the visualisation framework.
Source: Michael Walczak (2020)
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void AimportGDAL: :readBuildEnvironment ()

{

GDALDataset *poDS2;

poDS2 = (GDALDataset*)GDALOpenEx (,F://GUI/Ressources/Lausanne/densification/densification.
shp"“, GDAL_OF_VECTOR, NULL, NULL, NULL);

if (poDS2 == NULL)

UE_LOG (LogTemp, Log, TEXT(,Open failed"“));
exit (1) ;

UE_LOG (LogTemp, Log, TEXT(,Open succeded")):;

OGRLayer “*polayer;

polayer = poDS2->GetLayerByName (,densification™);
if (polLayer == NULL)

UE LOG (LogTemp, Log, TEXT(,NoLayerName"), polayer);

UE_LOG (LogTemp, Log, TEXT(,Layer"), polLayer);

OGRFeature *poFeature;

polLayer->ResetReading () ;
float x = PlayerLocationX;
float y = PlayerLocationY;
polayer->SetSpatialFilterRect (x - radius, y - radius, x + radius, y + radius);

int pointsCountDensification = 0;
int pointsCountDensification2 = 0;

while ((poFeature = polayer->GetNextFeature()) != NULL)

{
OGRGeometry *poGeometry;

poGeometry = poFeature->GetGeometryRef () ;
if (poGeometry != NULL
&& wkbFlatten (poGeometry->getGeometryType ()) == wkbPolygon)

TArray<FVector> vertices;

TArray<int32> triangles;

TArray<FVector2D> uvs;

TArray<FVector> vertices2;

TArray<int32> triangles2;

TArray<FVector2D> uvs2;

OGRPolygon *poPolygon = (OGRPolygon *)poGeometry;

OGRLineString *poExteriorRing = (OGRLineString *)poPolygon->getExteri-
orRing () ;

int numPoints = poExteriorRing->getNumPoints() - 1;

OGRPoint *centerPoint = new OGRPoint;
poPolygon->Centroid (centerPoint) ;

OGRPoint *currentPoint = new OGRPoint;
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if (pointsCountDensification % 2 == 1)
{
for (int i = 0; i < numPoints; i++)
{
poExteriorRing->getPoint (i, currentPoint);
vertices.Add (FVector (currentPoint->getX (), current-
Point->getY (), 0));
uvs.Add (FVector2D(i, 1 + 1)),

if (i + 1<numPoints)
{
triangles.Add (i) ;
triangles.Add (i
triangles.Add (i

1);
numPoints) ;

+ o+~

triangles.Add (i + numPoints + 1);
triangles.Add (i + numPoints);
triangles.Add (i + 1);

else

triangles.Add (i) ;
triangles.Add (0) ;
triangles.Add (numPoints * 2 - 1);

triangles.Add (numPoints) ;
triangles.Add (numPoints * 2 - 1);
triangles.Add (0) ;

for (int i = 0; i < numPoints; i++)

{
poExteriorRing->getPoint (i, currentPoint);
vertices.Add (FVector (currentPoint->getX (), current-
Point->getY (), height));
uvs.Add (FVector2D(1i + 1, 1i));

if (i + 1<numPoints)

{
triangles.Add (i + numPoints);
triangles.Add (i + 1);
triangles.Add (i) ;

triangles.Add (i + 1);
triangles.Add (i + numPoints);
triangles.Add (i + numPoints + 1);

else
triangles.Add (numPoints * 2 - 1);
triangles.Add (0) ;
triangles.Add (i) ;
triangles.Add (0) ;

triangles.Add (numPoints * 2 - 1);
triangles.Add (numPoints) ;
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N1

else

for
{

for

{

(int 1 = 0;

i < numPoints;

i++)

poExteriorRing->getPoint (i,
vertices2.Add (FVector (currentPoint->getX (),
Point->getY (), 0));

uvs2.Add (FVector2D (1,

if (i + 1<numPoints)

{

else

(int 1 = 0;

triangles?2
triangles2
triangles2

triangles2
triangles2
triangles?2

triangles2
triangles2
triangles?2

triangles2
triangles?2
triangles2

i < numPoints;

LAdd (1) ;
.Add (1
.Add (1

+ o+~

JAdd (1 +
JAdd (1 +
CAdd (1 +

LAdd (1) ;
.Add (0) ;
.Add (numPoints * 2

i++)

poExteriorRing->getPoint (i,
vertices2.Add (FVector (currentPoint->getX (),

Point->getY (),
uvs2.Add (FVector2D(1i + 1,

if (i + I1<numPoints)

{

else

triangles?2
triangles2
triangles2.

triangles2
triangles2
triangles?2

triangles2
triangles?2
triangles2

triangles?2
triangles2
triangles2

height));

JAdd (1 +
JAdd (4 +

Add (i)

JAdd (4 +
JAdd (1 +
JAdd (1 +

.Add(0) ;
.Add (numPoints * 2 -
.Add (numPoints) ;
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currentPoint) ;

i+ 1)),

1);
numPoints) ;

numPoints + 1);

numPoints) ;
1);

.Add (numPoints) ;
.Add (numPoints * 2
.Add (0) ;

i))i

numPoints) ;
1);

1);
numPoints) ;
numPoints +

.Add (numPoints * 2 -
.Add(0) ;
LAdd (1) 5

currentPoint) ;

1);

1);

current-

current-



TArray<FVector> normals;

TArray<FColor> vertexColors;
TArray<FProcMeshTangent> tangents;

mesh07->CreateMeshSection (pointsCountDensification, vertices, triangles,
normals, uvs, vertexColors, tangents, false);

FString MaterialAddress = ,Material‘/Game/StarterContent/Materials/M
Basic_Wall.M Basic_Wall‘“;

UMaterial* materialDensification;

materialDensification = Cast<UMaterial>(StaticLoadObject (UMateri-
al::StaticClass (), nullptr, *MaterialAddress, nullptr, LOAD None,
nullptr));

mesh07->SetMaterial (pointsCountDensification, materialDensification) ;

pointsCountDensification += 1;
TArray<FVector> normals2;

TArray<FColor> vertexColors2;
TArray<FProcMeshTangent> tangents2;

mesh08->CreateMeshSection (pointsCountDensification2, vertices2, tri-
angles2, normals2, uvs2, vertexColors2, tangents2, false);

FString MaterialAddressRoof = ,Material‘/Game/StarterContent/Materi-
als/M Basic_Wall.M Basic_Wall‘“;

UMaterial* materialDensification02;

materialDensification02 = Cast<UMaterial>(StaticLoadObject (UMateri-
al::StaticClass (), nullptr, *MaterialAddressRoof, nullptr, LOAD None,
nullptr));

mesh08->SetMaterial (pointsCountDensification2, materialDensification02) ;

pointsCountDensification2 += 1;

else

UE LOG (LogTemp, Log, TEXT(,no polygon geometry\n“)) ;

Figure 169: C++ code excerpt to import geo-located GIS building data into visualisation framework
including 3D extrusion, roof geometry and materialisation.
Source: Michael Walczak (2020)
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Appendix: 8.11. Unreal Engine Blueprint Code
(Excerpt)

Figure 170: Unreal Engine Blueprint Code excerpt to import geo-located pedestrian motion data into
a visualisation framework including a walking path, speed and 3D avatar.
Source: Michael Walczak (2020)
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Using Virtual Environments as an Evaluation Tool for Policy Making." Conference on Urban Studies & Planning. Athens
Paper Publication

M.Walczak. ,,Qualitative Visualisation of Quantitative Urban Models Impacting Policy Decision Making: A Case Study
of Urban Infrastructure Interventions.” 3. Doktorand_innen Symposium der Architektur. Linz: Kunstuniversitdt Linz.
Paper Publication

M.Walczak. ,,Qualitative Visualisation of Quantitative Urban Models Impacting Policy Decision Making: A Case Study
of Urban Infrastructure Interventions.” Shareland Doctoral Colloquium, ETH Zurich.

Book-chapter Publication

M.Walczak. ,,Design Your City: Lab, Interactive Map." City Action Lab, Integrated Urban Toolbox for Post-Socialist
Central and Eastern European Cities

Paper Publication

K. de Klerk, S. Lloyd and M. Walczak. ,,Preferential City Making: New digital Tools for In-situ Informal Settlements
Upgrading." UNESCO Tech4Dev Conference. EPFL.

Paper Publication

Prof. Dr. . Huber and M.Walczak. ,,From GIS to the Automatic Density Analysis Model (ADAM)."

International Bauhaus Colloquium. Dust and Data. Bauhaus University Weimar.

Paper Publication

Prof. Dr. . Huber and M. Walczak. ,,From GIS to the Automatic Density Analysis Model (ADAM)."

19.BRENET Conference. ETH Zurich.

Book-chapter Publication

R.Vital and M.Walczak. ,,Comparison with evolutionary algorithms of meshes produced by laser scanning and by
photogrammetry from a drone." Masada Notebooks, Report of the research Projects 2014, Vol. Il, edifir edizione

Firenze.
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2014 /09

2014 /05

Awards/Prizes
2018

2014 /05

2014 /02

2013

Competences

Languages

Frameworks

oS
Hobbies

Effective 14.02.2021

/L2

Paper Publication

R.Vital and M.Walczak. ,,Photographing Masada by a Drone: Quantifying the Accuracy of Photogrammetry."
18.1ICOMOS Symposium. Firenze.

Paper Publication

Prof. Dr. . Huber and M. Walczak. , Efficient-Solar-Planning Tool." 8. BRENET Conference 2014. ETH Zurich.
Workshop Publication

Prof. Dr. D. ). Gerber, Prof. Dr. O. Schoch and M.Walczak. ,,Holistic Creativity - Swiss performative design approach*
CAADRIA. Kyoto Institute of Technology (JP)

Urban planning competition Stuttgart ,Rosenstein’ with Johannes Tovatt and Ramboll Studio Dreiseitl (4th Prize)
Finalist SolarWorld Junior Einstein Award with Efficient-Solar-Planning Tool (Top 6)

Deutsche Solar GmbH, Freiberg (GER)

Burgdorf Innovation Prize with Event-Pavillon ,,FlexPlyPavilion” (2nd Prize)

Burgdorf (CH)

Nomination and Exhibition for Design Prize Switzerland with Event-Pavillon ,,FlexPlyPavilion* (Top 4)
Langenthal (CH)

German (Mother tongue), Polish (Mother tongue), English (fluent in writing and speaking), French (Basics)

C++, Grasshopper, Python, Processing, Shell, Bash

JavaScript, PHR HTML, CSS

Unreal Engine, Rhino, Ethereum Blockchain, Grasshopper Plugins including Quelea, Honeybee, Ladybug etc., EnerPol,
GEMSim, Q-GIS, ArcGlIS, ArchiCAD, Revit, Dialux, Ecotect, Arduino, Raspberry Pi, Access, Excel, Adobe Suite (Photo-
shop, Indesign, lllustrator; Dreamweaver, Premiere, AfterEffects and Lightroom), Cinema 4D, Maya, Sketchup
Windows, Mac, Linux

Playing, Recording and Experimenting with Music Instruments

Reading, Drawing, Hiking, Plants

Michael Walczak \
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