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Abstract

This research delves into the impact of Artificial Intelligence (Al),
particularly Al-generated images, on architectural design processes.
Initially exploring the dynamic and iterative nature of architectural
design, the study emphasizes the pivotal role of traditional and digital
tools. Focusing on the application of Al, the research contends that
when effectively employed, Al enhances creativity by swiftly providing
diverse design possibilities. While Al supplements the creative process,
the architect’s intuition remains paramount, ensuring the originality
of the final design. The research unfolds through bibliographical
analysis, surveys, and in-office workshops at Perkins&Will Sao Paulo
Studio, offering a comprehensive understanding of Al's potential in
architectural design. The study proposes the integration of Al as a
complementary design tool in architectural practices.

Keywords: Artificial Intelligence, Architectural Design, Design
Process, Text-to-Image, Midjourney.
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Resumo

Esta pesquisa investiga o impacto da Inteligéncia Artificial (1A),
especialmente a geracdo de imagens, nos processos de design
arquiteténico. Ao explorar inicialmente a natureza dindmica e
iterativa do design arquiteténico, o estudo destaca o papel crucial de
ferramentas tradicionais e digitais. Concentrando-se na aplicagcdo
da |A, a pesquisa argumenta que, quando empregada de maneira
eficaz, a |A aprimora a criatividade ao fornecer rapidamente diversas
possibilidades de design. Enquanto a IA complementa o processo
criativo, a intui¢do do arquiteto permanece primordial, garantindo

a originalidade do design final. A pesquisa se desdobra por meio

da andlise bibliogrdfica, e com pesquisas e workshops no estudio

da Perkins&Will em Sdo Paulo, proporcionando uma compreensdo
abrangente do potencial da IA no design arquiteténico. O estudo
propde a integracdo da IA como uma ferramenta de design
complementar nas prdticas arquitetonicas.

Keywords: Inteligéncia Artificial, Design Arquitetonico, Processo de
Projeto, Texto-para-Imagem, Midjourney.
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Introduction

Architectural design is a highly dynamic and
iterative process that involves self-correction
through research and development to meet
needs and resolve conflicts or issues that may
arise during the design of a building. Initially,
information is collected in a simple and
embryonic way, and it is up to the architect
to select, categorize and analyze data
according to what was planned and parallel
to what is relevant to the accomplishment of
the proposed design concept. The production
of many artifacts, such as sketches, rendering
images, 3D models, is vastly necessary for the
design and development of a design, making
the process highly dynamic and demanding
clear and well-founded decisions (Oxman &
Oxman, 1992).

Digital tools, such as Parametric Modelling,
Digital Fabrication and Artificial Intelligence
(Al) are valuable resources that expand

the architect’s range of possibilities during
the design process. With these tools, it is
possible to explore new shapes, perform
simulations and swiftly evaluate innovative

design solutions.

Al systems can analyze and learn from data,
identify patterns, and make predictions or
recommendations based on that analysis. In
recent years, Al has become an increasingly
powerful tool in the creative industry,
including the fields of architecture and
design. Despite concerns about whether

Al will stifle human creativity and lead to

a homogenization of design, this research
suggests that when used effectively, this
digital tool can enhance the creative process
by providing architects with a range of
possibilities and alternatives that can be
quickly evaluated and tested. By leveraging
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the power of computational intelligence
alongside with human intuition and creativity,
architects can explore innovative design
possibilities and rapidly evaluate singular
design solutions, while also ensuring that their
creative output remains original, distinctive,
and authentic.

Nevertheless, the architect’s creativity
remains paramount in this context, as they
must be able to exploit the full potential of
Al tools to create innovative and efficient
solutions that meet the needs of the client
and the design. While Al can help architects
generate a variety of potential designs
based on certain inputs and constraints, the
final design should still reflect the architect’s
artistic vision, intuition, and originality.

In recent years, the application of Al

as a generative design tool has gained
significant interest in the field of architecture,
particularly due to its potential to transform
the creative process. The integration of
computational algorithms, image-to-

image and text-to-image prompts in Al can
provide architects with new and innovative
approaches to explore design possibilities
and rapidly evaluate distinctive design
solutions, while also ensuring that their
creative output is original, distinctive, and
authentic. Implementing Al in the design
process can lead to more efficient and
effective architectural design production,
while enhancing the creativity and intuition of
architects.

The current investigation’s purpose is to
analyze the viability of Al as a generative
design tool in architecture. This method
involves the utilization of text-to-image
and image-to-image prompts to generate

n
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a diverse range of prospective designs,
based on specified inputs and constraints.
The integration of Al as a generative design
tool can potentially revolutionize the design
process by providing a new dimension of
exploration for innovative design possibilities
and rapidly evaluating distinctive design
solutions. The addition of Al can significantly
augment the design process, enabling

more efficient and effective production

of architectural designs, and potentially
providing solutions to the challenges posed
by traditional design methods. Therefore, it is
imperative to further study the potential of Al
in architecture and design, as it can enhance
the creative output of architects while
increasing efficiency and accuracy.

The proposed research was conducted using
the Midjourney and Veras Software, which are
widely used in the field of artificial intelligence
and machine learning. These tools offer a
range of functionalities that can be leveraged
to generate high-quality Al-generated
images from both image-to-image and text-
to-image prompts, which can be used as a
generative design tool in architecture. The

use of these Software enabled this research

to investigate the feasibility and effectiveness
of using Al-generated images in architecture,
as well as to identify the key factors that
impact the effectiveness of this approach.
Additionally, the use of these APIs allowed

for a comprehensive understanding of the
benefits, limitations, and challenges of using
Al-generated images in architecture and

enable the development of best practices
and guidelines for architects and designers
to effectively integrate these tools into
their workflows.

As a leading architecture firm committed

to innovation, sustainability, and social
responsibility, Perkins&Will is well-
positioned to explore the possibilities of

Al in architecture and design. The firm’'s
commitment underscores its dedication to
pushing boundaries and exploring innovative
design possibilities. By integrating Al images
as a generative design tool, Perkins&Will

can unlock new creative potential, enabling
architects to experiment with novel ideas and
approaches. Al can help architects expand
their creative horizons by generating designs
that may not have been conceived through
traditional design methods. Furthermore,
Perkins&Will's expertise in sustainable design
and building practices propels the potential
of Al to create more energy-efficient and
environmentally conscious designs. The firm’s
focus on social responsibility and community
engagement also offers an opportunity to
harness Al’s creative potential to develop
designs that are responsive to the unique
needs and desires of different communities.
By fostering a culture of creativity and
innovation, Perkins&Will can continue to

be at the forefront of the architecture and
design field, shaping the future of the built
environment through its exploration of the
possibilities of Al.

12
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Goals

Within the field of architectural design,
architects have at their disposal a wide

array of design tools and methods. These
tools are not replacements for architects

but rather aids, assisting architects in the
creative process and helping them find design
solutions. They encompass a broad spectrum,
including initial sketches, layout studies,
detailed planning, physical models, and
various forms of digital technologies, such

as, parametric modeling, digital rendering,
Building Information Modeling (BIM) and
various types of simulation software.
Architects also draw inspiration from
architectural literature, material catalogs,
specialized publications, and during the
engagement with other architects in design

review sessions.

The goal of this research is to incorporate
Al-generated images as another valuable
design tool within architects at the Sao
Paulo Perkins&Will Studio. Al-generated
images have the potential to serve as a
creative resource alongside these traditional
tools, contributing to the architectural
design process. The research aims to assess
the potential, efficiency, and challenges
associated with the use of Al-generated
images to inspire, support conceptualization
and communication, and facilitate the
discovery of innovative design ideas. In
essence, Al-generated images are introduced

Machine Visions

as a complementary design tool, enhancing
the architect’s ability to envision and
communicate architectural ideas effectively.

In addition to the main goal, this research
targets to explore the relationship between
Al-generated imagens and human creativity.
One interesting aspect of images created with
Al tools is the often ambiguity they present.
Much like initial sketches, Al-generated
images frequently possess a certain level of
ambivalence, leaving room for interpretation
and creative exploration. For the authors

of this research, this characteristic has the
potential to enhance human creativity
substantially.

By incorporating Al-generated images into
the architectural design process, architects
are exposed to visuals that, while influenced
by data and algorithms, retain an element
of interpretive openness. This quality allows
architects to view these images as creative
stimuli, much in the same way that sketches,
or abstract forms can inspire novel design
directions. The ambiguity in Al-generated
images invites architects to engage in

a dialogue with the visual information
presented, prompting them to extract
meaningful insights and envision innovative

design solutions.

13
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Methodological Procedures

Bibliographical Analysis: The research
commenced with a comprehensive
bibliographical analysis, focusing on the
concepts, theories, and applications of
Artificial Intelligence (Al) within the context
of architecture and design. This analysis
involved an in-depth exploration of scholarly
literature, academic journals, industry
publications, and relevant case studies. The
goal was to gain a thorough understanding
of the theoretical foundations and practical
implications of Al in architectural practice,

enabling the research team to develop a solid

conceptual framework for the subsequent
stages of the study.

Survey Distribution: Following the
bibliographical analysis, a survey was
designed to assess the awareness and
knowledge of Al among the architects at
Perkins&Will Sao Paulo Studio. The survey
was specifically tailored to address the
research objectives and consisted of a series
of questions aimed at gauging the level of
familiarity, interest, and engagement with Al
tools in the architectural design process. The
survey was administered electronically, and
all architects within the studio were invited
to participate. By collecting responses from
the architects, the research aimed to gather
valuable insights into their perspectives and
experiences related to Al in architecture.

In-Office Workshop: An in-office workshop
was conducted with the architects of
Perkins&Will Sao Paulo Studio. The workshop
provided an interactive and collaborative
setting where the architects could engage
directly with Al tools and apply them to
design projects of varying scales. Specifically,
the workshop focused on three distinct
project types commonly undertaken by the
studio’s CCC team: a single-family house, a
condominium of houses, and a mixed-use
building. These project types were selected to
reflect the prevalent architectural practices
within the studio and provide a meaningful
context for exploring the potential of Al tools.

During the workshop, the architects were
given hands-on access to a set of Al tools
specifically chosen to align with their project
types and objectives. The participants
worked in teams, fostering interdisciplinary
collaboration and knowledge exchange.
They were encouraged to utilize the Al tools
to enhance their design processes, generate
alternative solutions, and explore innovative
design possibilities. The workshop facilitators
provided technical guidance, support, and
resources to assist the architects in effectively
utilizing the Al tools and maximizing their
potential in the design projects.

The workshop sessions were designed to
encourage critical thinking, creative problem-
solving, and reflection on the integration of
Al into architectural practice. The architects
documented their experiences, challenges
encountered, and insights gained throughout

14
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the workshop. The aim was to not only
provide practical experience with Al tools
but also to foster a deeper understanding
of the benefits, drawbacks, and challenges
associated with their implementation in
architectural design.

By employing a combination of
bibliographical analysis, survey distribution,
and in-office workshop, this research aimed
to comprehensively explore the awareness,
engagement, and perspectives of the
architects at Perkins&Will Sao Paulo Studio
regarding the integration of Al tools in
architectural design. The methodological
procedures employed ensured a rigorous
and systematic approach, generating
valuable insights into the potential of Al

in transforming architectural practice and
informing future initiatives within the studio.

4t

Figure 01-02: Breno Veiga and
Fernando Longhi (Authors)
structuring the research.
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Chapterl

Theoretical notes about Artificial Intelligence

“So, the major question in architecture is to understand what one wants to do.
This understanding is not individual but rather a societal knowledge. What do we
desire? Then, the idea of the architectural model comes to mind. You have the
idea about a certain issue, imagine it in its entirety, understand that it needs to be
built, so you cast this idea to the model as an extension of your own mind.

For example, the computer. You have to use it, but later on, in another stage. It
calculates issues precisely, such as the wind force on the structure, for example.
Without the computer, we did everything with a brutal safety coefficient. But
it wasn't the computer that said you have to calculate the wind force, right? It
calculates what you tell it to calculate. And that's why this little model I'm going to
make is so intriguing and indispensable.” (Rocha, 2007, p.30)

PAULO MENDES DA ROCHA (1928-2021)
BRAZILIAN ARCHITECT, 2006 PRITZKER LAUREATE

Computer technologies as an innovation driver for
architectural design

In recent decades, the relationship between architecture and
computer technologies, as noted by Aish & Bredella (2017),
has given rise to fresh design principles and methodologies
that challenge established design and construction
processes. Particularly, the increased adoption of parametric
techniques and scripting has facilitated the development of
modeling and fabrication methods.

While we can palpably experience the profound impact of
these advanced tools in today’s architectural landscape,

it's essential to recognize that the development of these
transformative technologies happened several decades
ago. The roots of these innovations stretch back in time, with
pioneers in the field laying the foundation for what we now
consider integral to contemporary architectural practice.

The enduring influence of these early visionaries has paved
the way for the dynamic synergy between architecture

Figure 03: Al prompt for “a thumbnail for a
research that analyses the implementation of Al
image generation tools in architectural design” enduring nature of innovation in the architectural domain.

and technology that we witness today, underscoring the

Reflecting on the inception of Computer Aided Design
(CAD) systems, like Sketchpad introduced in 1963 by lvan
Sutherland at MIT (Massachusetts Institute of Technology),
it's remarkable to consider that these technologies have

17
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been an integral part of architectural
production for approximately six decades.
From those pioneering CAD platforms to the
contemporary realm of Building Information
Modeling (BIM) software, architecture

has traversed a remarkable path on its
journey towards digital transformation.
(Sutherland, 2003).

As observed by Veiga (2016), several
contemporary Computer-Aided Design (CAD)
tools employed in architecture were originally
adapted from other knowledge domains.
These technologies, emerging from diverse
backgrounds such as cinematic arts (Maya),
industrial design (Rhinoceros), and aerospace
engineering (CATIA), represent a convergence
of expertise from various domains. The cross-
pollination of ideas and methodologies from
these distinct fields has contributed to the rich
tapestry of tools available to architects today,
highlighting the interdisciplinary nature of
technological progress in architecture. This
confluence of knowledge and innovation
continues to drive architectural design
innovation forward.

While initially not conceived for architectural
design like the aforementioned tools, Artificial
Intelligence (Al) has the potential to redefine
and reshape the practices of architects and
designers, revolutionizing the creative process
in unforeseen ways. According to Bernal,
Haymaker & Eastman (2015), the progression
of computer-aided design research has
shifted its emphasis from solely computer-
assisted drafting and modeling to the
concept that computers can enhance these
tasks by manipulating abstract symbolic
structures akin to those generated by the
human intellect:

“Along with observing increased
computational power, we have
witnessed the development of several
computational approaches addressing
the entire cycle of the generation,
evaluation, and selection of design
alternatives. Such approaches range
from simply assisting to fully
automating or even augmenting the
actions of designers and impact the
efficiency and effectiveness of design
exploration” (p. 164).

A parallel approach is evident in Aish (2013), where
the author asserts that the conventional act of
directly modeling a building has evolved. Instead,
designers now craft a graphical representation

or script, the execution of which generates the
architectural model. This transformative shift enables
the creation of an entirely new genre of architecture.
Moreover, the design process undergoes a significant
transformation. Even a seemingly minor modification
to the graphical representation or script can wield

a profound influence on the resulting building, thus
opening the door to the exploration of an extensive
range of design alternatives.

As Scheurer (2010) points out, the capacity to

distill information from thousands of drawings

into a well-defined algorithm, and subsequently
generate thousands of configurations from just a

few parameters, exemplifies the profound impact of
scripting and digital tools on architectural design. This
transformative capability underscores the role of these
tools in streamlining and optimizing the architectural
design process, enabling architects to work more
efficiently and explore a multitude of design
possibilities with remarkable precision and agility.

18
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Furthermore, according to Burry (2011),
digital design has shifted from being an
aspirational skill to an integral component of
contemporary design practice. Architects and
designers have made a profound transition
from novice users to proficient creators of
digital tools. This transformation marks the
complete assimilation of digital technology
into the architectural design process, much
like the earlier discussions concerning CAD
tools. This ongoing integration of digital tools
underscores a fundamental change in the
design process itself, as architects now wield
these tools as extensions of their creative
vision, enabling more agile and innovative

design exploration.

In this rapidly evolving landscape of
architectural design, the integration of
technology has been a driving force behind
transformative changes. From the pioneering
days of computer-aided design to the
advent of parametric design and scripting,
architects and designers have continuously
harnessed technology’s power to enhance
their creative endeavors. However, as we look
toward the future, the emergence of Artificial
Intelligence (Al) promises a paradigm shift of
unprecedented proportions.

Al has the potential to challenge conventional
design methodologies and inspire novel
approaches. It represents not just another
tool in the architect’s toolbox but a dynamic
partner capable of analyzing vast datasets,
generating innovative design ideas, and
augmenting the design process in ways we
are only beginning to comprehend. As we
delve deeper into the realm of Al, we stand
on the precipice of yet another monumental
transformation in architectural practice,

one that will further amplify the efficiency
and creativity of designers, while pushing
the boundaries of what is achievable in
architectural design.

What is Artificial Intelligence?

Artificial Intelligence is everywhere, as
stated by Smith (2001) in an article published
in The New York Times. It integrates into

our daily lives, even though it may go
unnoticed. Beyond making our everyday
tasks more convenient and enhancing our
social interactions, Al has become a pivotal
component in the functioning of critical
infrastructures, such as airports and subways
systems. The far-reaching implications of Al
on both society and industry are profound
and still not entirely comprehensible. This
transformative force in the technological
landscape mirrors the impact that Building
Information Modeling (BIM), parametric
modelling and scripting had in previous
decades in architecture underlining the ever-
evolving nature of innovation in the field of
technology and design.

To discuss Al and architecture, however, it

is needed first to understand some basic
concepts. Al is often defined as the aspiration
to empower computers to carry out tasks akin
to the abilities of the human mind, such as
perception, association, prediction, planning
and motor control, as Boden (2016) observes.
Nonetheless, Al possesses the capacity to
accomplish tasks well beyond the scope

of human capabilities. Al can be defined

in various ways, and it is recognized that
there exist multiple variations that can be
categorized into several sub-divisions, such as

19
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Machine Learning and Deep Learning.

The discussion on artificial intelligence is
marked by Alan Turing’s groundbreaking
work, “Computing Machinery and
Intelligence” (Turing, 1950). Frequently hailed
as the “founder of computer science”, Turing
posed the fundamental question “Can
machines think?”, setting room for research
and development of the field. Shortly after
this publication, another pioneer in this field,
John McCarthy, introduced the term ‘Artificial
Intelligence’ in the Dartmouth Conference in
1956 alongside several other researchers, and
defined Al as “the science and engineering

of making intelligent machines, especially
intelligent computer programs. It is related

to the similar task focusing computers to
understand human intelligence, but Al does
not have to confine itself to methods that are
biologically observable” (p. 2).

Russell & Norvig (1995) also made a
significant contribution to the field of Al by
authoring the widely acclaimed textbook:
“Artificial Intelligence: A Modern Approach”
in 1995. Within its pages, the authors delve
into four distinct goals or definitions of Al,
each shedding light on the differentiation
between computer systems in terms of their
capacity for rationality and the nature of
their interaction with the world. The first
perspective, the “Human approach,” envisions
Al systems that either emulate human
thinking processes or mimic human actions.
In contrast, the “Ideal approach” seeks Al
systems that engage in rational thinking and
exhibit rational behavior. Alan Turing’s Al
concept aligns with the former, emphasizing
systems that imitate human actions.

At its core, Al is a multidisciplinary field that

marries computer science with the power of
robust datasets to enable problem-solving.
This fusion of disciplines also encompasses
subfields such as machine learning and
deep learning, often mentioned hand in
hand with artificial intelligence. These
specialized domains comprise a rich array of
Al algorithms designed to construct expert
systems capable of making predictions

or classifications based on input data. In
essence, Al leverages technology to replicate
and augment human-like cognitive processes,
advancing our ability to tackle complex
challenges in a data-driven world.

Al Onion Layers: Machine Learning and
Deep Learning

Over the past few years, there has been a
notable surge in the utilization of Al as a
generative design tool within the realm of
architecture. This growing interest primarily
stems from Al's capability to revolutionize

the creative aspects of architectural work. By
incorporating computational algorithms and
harnessing Al's image generation capabilities,
architects can now access novel and
imaginative methods for investigating design
potentials in tools such as Midjourney, Dalle,
and Veras, which provide a diverse set of tools
for producing high-quality Al-generated
images based on both image-to-image and
text-to-image prompts.

To effectively harness the capabilities

of these APIs (Application Programming
Interfaces), architects must have a notion of
both machine learning and deep learning
that underlie these tools. This understanding
is pivotal for architects to employ these

20
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applications judiciously and evaluate their
utility critically.

In “Architecture in the Age of Artificial
Intelligence”, Leach (2022) comments on what
is generally recognized as ‘Classical Al': “early
versions of Al referred to machines that had
to be programmed to process a set of data”,
which in other words tells that machines were
not capable of learning and only perform
what they were programmed to do. Al has
much evolved since Classical Al emerged,
giving room to machines that can learn and

program themselves.

Deep learning and machine learning are
integral components within the broader
field of Al (Figure 02). Machine learning
focuses on the development of algorithms
that enable computers to learn from vast
quantities of data and make predictions or
decisions. It encompasses various techniques,
including supervised learning, unsupervised
learning, and reinforcement learning, to
address a wide range of tasks such as image
recognition, natural language processing,
and recommendation systems.

Deep learning, on the other hand, is a subset
of machine learning that specifically deals
with neural networks composed of multiple
layers, known as deep neural networks. These
deep networks excel at capturing intricate
patterns and representations from complex
data, making them exceptionally powerful in
tasks like image and speech recognition. Their
ability to automatically extract hierarchical
features has led to groundbreaking
advancements in Al applications, from self-
driving cars to medical diagnosis.

Machine learning forms the backbone of Al,

Graph 01: Venn diagram of the relationship between
artificial intelligence, machine

while deep learning represents a cutting-
edge subfield within machine learning that
has significantly expanded the horizons of
what Al systems can accomplish, enabling
them to tackle increasingly complex and
nuanced tasks. Together, they play a
pivotal role in the advancement of artificial
intelligence.

Text-to-image generation foundations

Text-to-image generation models, like Dall-e
and Midjourney, typically work using deep
learning techniques, particularly built upon
Neural Networks and utilize them to achieve
their generative and discriminative tasks.

Named after the neurons in the human brain,
Leach (2022) states that these networks

are composed of ‘neurons’, which are the
information processing units, and ‘synapses’,
the connections that control the flow of

21

Machine Visions



Perkins&Will

Chapter I: Theoretical notes about Artificial Intelligence

information between these units. Having distinct
weight and directions, these connection points

have effective impacts on how the information is
processed. Leach (2022) describes that these models
“need to be trained by being fed a series of input-
output pairs as training examples. “The system
‘learns’ over a period of time and tries to find the
optimal weighting for each connection, so that when
feeding an input, the output matches - as far as
possible - the training examples” (p.22).

Text-to-image Al models are trained on large
datasets containing pairs of text descriptions and
corresponding images, as stated by Schuhmann,

et al (2021). For instance, a dataset might include
descriptions like “a white cat with blue eyes” paired
with images of white cats and blue eyes. When
given a text prompt or description, the model
encodes it into a numerical format. This encoding
often involves tokenization, where words are broken
down into smaller units (tokens), and then these
tokens are converted into numerical embeddings.
These encoded representations serve as input to the
generative neural network. (Ramesh, et al (2022).

The neural network, which is a crucial part of

these models, learns to map the encoded text
representations to corresponding image features.
This involves training the network on a vast dataset
of paired text-image examples, where the model
learns to understand the relationships between
words and visual elements. Over time, it becomes

proficient at generating images that align with the
textual descriptions.

The generation process entails the model producing
images that match the input text by combining and
manipulating visual elements in a coherent manner.
Depending on the specific architecture and training
methodology, these models may incorporate more
advanced structures to accomplish this task.

Midjourney utilizes advanced neural network
models to process natural language and produce
corresponding images. Accessible through the
online communication platform Discord, Midjourney
stands out for its user-friendly prompting process. A
prompt is described by Midjourney Documentation
as d “short text phrase” that will be interpreted by
Midjourney Bot to produce an image.

To generate an image, users simply input their
desired text that is executed by the “/imagine”
command, offering four resulting images. Below
these images there are two rows. At the top row,
you'll find four buttons labeled U1, U2, U3, and U4,
which serve the purpose of upscaling the selected
image. Upscaling effectively enlarges the image,
resulting in additional details by default. In the
bottom row, you'll encounter buttons labeled V1, V2,
V3, and V4, which enable the creation of variations
of the chosen image. Generating variants produces
four new images that share similarities with the
selected image in terms of style and layout.

Figure 02: Diagram of a
generic prompt structure

for Midjourney.
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Prompt engineering

Midjourney Documentation (Midjourney, n.d.) provides
insights into how users can effectively create prompts for
generating images. It also includes guidelines on crafting
descriptive and context-rich prompts, using specific
keywords or formatting techniques to elicit desired image
outputs, and possibly examples illustrating successful
prompt usage. Additionally, documentation covers best
practices and tips for using Midjourney.

Prompt engineering significantly influences the quality and
relevance of the generated image outputs in Midjourney.
Crafting precise commands is key to obtaining desired
results. A well-crafted prompt not only guides the models
but also ensures that the generated images align with the
user’s creative vision.

According to Midjourney Documentation, it's best to keep
prompts concise and straightforward, using simple, short
sentences that clearly describe what you want to see. Well-
constructed prompts that are descriptive and specific tend
to yield the most impressive results. For more advanced
prompts, you have the flexibility to include additional
elements, such as one or more image URLs, multiple text
phrases, and various parameters. Image URLs, when added
at the beginning of a prompt, can influence the style and

1t

Figure 04: Image generated with
Midjourney. Prompt “indoor long
shot of a high-end house with
timber ceiling, concrete facade, big
windows with clear glass, hanging
plants, tropical lush gardens on
the outside, bucolic view with
mountains, --ar 5:3”

&«

Figure 05: Image generated

with Midjourney. Prompt

“Mobile acoustic performance
shell by Canela Brazil canyon,
Itaimbezinho, timber structure,
inflatable skin, light - weight,
transparent fabric, concert lights,
a few musicians, few people
watching outside, sustainable,
zero carbon, retractable, cinematic
photo, highly detailed, sunset sky,

panoramic view”
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content of the final image, while the text
description forms the core of your request.

Parameters are another essential aspect of
prompt engineering, as they can modify how
an image generates, including features like
aspect ratios, models, upscales, and more.
Parameters are placed at the end of the
prompt to fine-tune the output according to
your preferences.

It's important to note that the Midjourney
Bot doesn’'t comprehend grammar, sentence
structure, or words in the same way humans
do. Word choice matters and using more
specific synonyms often leads to better
outcomes. Additionally, clarity is key, and it’s
advisable to describe what you want rather
than what you don’t want, as leaving out
details may result in unexpected variations.

When crafting prompts, consider including
relevant context and details, such as the
subject, medium, environment, lighting, color,
mood, and composition, to guide the bot in
generating images that align with your vision.
Also, using specific numbers and collective
nouns in place of plural words can enhance
the precision of your prompts, reducing
randomness and increasing the likelihood of
obtaining desired results.

Prompt engineering in Midjourney empowers
users to shape their creative vision into
tangible visual outcomes. Whether crafting
simple, concise prompts or delving into
advanced requests with image URLs and
parameters, the quality of generated images
hinges on the clarity and specificity of these
prompts. By following best practices, being

24

Figures 06-09: Images
generated with Midjourney
demonstrating its various
ways to help with the design
process by recreating
layouts, furniture, textures
and even graphic resources
for drawings.
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descriptive, and considering context, users

can unlock Midjourney’s full potential and
revel in the endless possibilities it offers for
image generation. In this dynamic interplay
between human creativity and Al capabilities,
prompt engineering emerges as the key

to transforming imaginative concepts into
remarkable architectural ideas.

+

Figures 10-11: Image generated
with Midjourney and Giovanni
Campari’s sketch. Prompt “a 3d
realistic, high-definition image of
a condominium of 6 houses with
timber and concrete facades,
timber louvers in a bucolic
neighbourhood sorrounded by
tropical lush trees, green gardens,
plants in the balconies, blue sky,
cinematic, --ar 3:2”

&«

Figures 12-13: Image generated with
Midjourney and Giovanni Campari’s
sketch. Prompt “a two floors

high end house with timber and
concrete facade, timber ceiling and
louvers, concrete structure, bucolic
sorroundings with tropical gardens,
blue sky 5:3”
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Veras, Integrating Al-Powered
Visualization with Architectural Software

Veras is an Al-powered visualization
application designed to generate images
through the utilization of 3D model geometry
as its substrate. This software is compatible
with industry-standard design software
including Sketchup, Revit, and Rhinoceros. At
its core, Veras employs an Al-based ideation
and rendering engine, offering users optional
prompt-based guidance. Although we couldn’t
find any public information regarding Veras
Al operation, we believe it's very similar to
Midjourney Bot.

According to Veras online information (Evolve
Lab, n.d.), a distinguishing feature of Veras is
its capability to harness the three-dimensional
nature of the input geometry, a challenging
dimension to control in current image-based
Al tools, such as Midjourney, Dall-e and Stable
Diffusion. This attribute ensures that Veras
does not dramatically alter the fundamental
shape or volume of architectural structures.
Instead, it excels in rapid transformations

of material compositions, environmental
conditions, and even the time of day, all

while preserving the structural integrity of

the building. Optimal results are achieved
when using a perspective view in conjunction
with specific graphical settings in the hosting
software (Revit, Sketchup, etc.), such as edge
display and shadow casting.

The application interface offers users
adjustable sliders for ‘Creativity Strength’ and
‘Style Strength’, alongside the flexibility to
fine-tune resolution and rendering iterations.
The strength settings dictate the extent

to which the Al replaces existing elements
within the Revit model, while Style Strength

controls adherence to textual prompts. Users
can also specify the context of their design,
whether it is an interior or exterior setting, and
incorporate elements of nature, atmosphere
(e.g., fog), or aerial viewpoints. Manipulating
the perspective view in Revit and updating the
Veras window for instance facilitates precise

control over the visual composition.

Veras accommodates user input in the form
of a text prompt, permitting the specification
of a wide array of design parameters. Users
can describe their desired outcome, stipulate
materials, glazing types, environmental
conditions, architectural styles (e.g., timber
cabin, modern concrete, residential/office),
and additional factors such as nighttime
settings or specific surface materials. With a
single text prompt, users have the capacity
to experiment with the strength and style
sliders, yielding diverse outcomes that are
typically characterized by their realism and
simplicity, thus streamlining the creative
process for users.

In this research endeavor, we initially aimed
to integrate the Veras software into our work.
However, we encountered several obstacles
that impeded the tool’s effective application
during subsequent research.

The primary obstacles we faced were twofold.
Firstly, we found it infeasible to employ the
tool in group workshops in order to assess the
software. This was primarily due to logistical
reasons: (a) it needed the preparation of 3D
files for each user group, a time-consuming
task that couldn’t be accommodated within
the workshop’s timeframe, and (b) the
availability of licenses was insufficient to
meet the desired demand. Secondly, when we
applied the tool to our architectural projects,
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Figures 14-21: The first image shows the
original mass from Revit 3D view, the
following images were generated with
Veras software. General prompt used:
“residential tower, [material] structure,
large windows, balconies with planters,
stores on ground floor”
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we discovered that it exhibited limited
compatibility with the 3D models we tested.

The generated images often failed to
accurately represent the loaded models,
even for seemingly straightforward tasks like
altering floor materials or wall coverings,

as suggested by developers. Furthermore,

in the study of facades, we observed that

the tool struggled to differentiate between
the project and its surrounding context, at
times introducing elements from neighboring
buildings into the architecture in question. It
became evident that prompts were crucial for
developing new visual alternatives, and we
found that the same best practices associated
with the Midjourney software could be
applied to Veras prompt engineering.

In response to the encountered challenges,
we made a strategic choice to discontinue
the utilization of the Veras software and
shifted our research focus towards the
Midjourney tool. It is important to note that
both software applications are still actively
evolving, holding significant promise for
prospective applications within the field.
However, it is essential to acknowledge the
inherent limitations within the scope of our
present research endeavor. Specifically, we
recognized the impracticality of undertaking
a comprehensive exploration of the intricate
and advanced functionalities embedded
within the Veras software at this juncture.

Despite these challenges and our strategic
shift, we remain aware of the compelling
attributes that Veras exhibits, particularly in
its seamless integration with the software
routinely employed by architects. Veras's user-
friendly and intuitive interface, coupled with
its near real-time visualization capabilities

for evolving three-dimensional models,
constitutes a potent resource poised to
expedite the architectural design process and
facilitate the materialization of concept ideas.
Consequently, we acknowledge the value of
conducting a more comprehensive, structured
study of the Veras software in the future,
recognizing its potential contributions to the
architectural domain.

Conclusion

The evolution of computer technologies

has profoundly impacted architectural
design, ushering in fresh principles and
methodologies that challenge established
practices. The journey from early pioneers like
Ivan Sutherland’s Sketchpad to contemporary
Building Information Modeling (BIM)
software illustrates the enduring influence of
technology on architecture. Today’s architects
harness the power of parametric techniques,
scripting, and digital tools to streamline and
enhance the design process.

Yet, a significant transformation lies ahead
with Artificial Intelligence (Al). Al has the
potential to revolutionize architectural design
by automating tasks, boost innovative design
ideas, and augment the creative process.
Architects now stand at the cusp of another
monumental shift, where Al becomes a
dynamic partner. Understanding Al is crucial,
with its roots in the aspiration to empower
computers to enhance human cognitive
abilities. Machine learning and deep
learning, integral components of Al, enable
computers to learn from data and extract
complex patterns, fueling advancements in
image recognition and other fields.
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The fusion of natural language processing
and computer vision techniques has birthed
a set of remarkable tools such as Midjourney,
Veras, Dall-e, Stable Diffusion, etc. that

can generate images, enabling architects

to bridge the gap between abstract ideas,
textual descriptions, and vivid visualizations.
Midjourney’s user-friendly interface for
instance simplifies the process, making it
accessible for architects to generate images
from their own text descriptions seamlessly.

Text-to-image generation models like
Midjourney employ deep learning
techniques, specifically neural networks, to
transform textual descriptions into visual
representations. These models are trained on
vast datasets of text-image pairs, allowing
them to understand the relationships
between words and visual elements. Prompt
engineering in Midjourney plays an important
role in achieving desired image outputs.
Crafting precise, context-rich prompts
empowers architects to shape their creative

vision into tangible visuals.

The potential applications of text-to-image
generation in architecture are diverse and
transformative. It offers architects the ability
to swiftly translate their design concepts into
visual representations during the early design
phase, aiding in quick experimentation and
concept communication. Moreover, it can
revolutionize the visualization of building
plans and layouts, as well as the creation of
intricate 3D models at early design stages.

However, it's important to acknowledge that
challenges lie ahead. The accuracy of this
technology relies on natural language, which
according to Thomas & Thompson (2023)

is inherently prone to imprecision, possibly

resulting in misinterpretations of architects’
descriptions and the creation of inaccurate
images. Moreover, the images produced

may exhibit bias due to potential biases in
the training data, user inputs, and employed
algorithms, unintentionally propagating
existing prejudices, preferences, and exclusion
within the generated content.

As the field continues to evolve and improve,
text-to-image generation holds the promise
of becoming an indispensable tool for
architects, enabling them to experiment
with diverse design concepts and create
compelling visual representations of their
ideas. Al-generated images are evolving
the way architects conceptualize and
communicate their design ideas almost like
a virtual sketchbook created by words. The
future holds a more efficient architectural
design process with Al-generated images
and similar innovations at the forefront. As
architects delve deeper into the realm of Al,
they are poised to harness its transformative
potential, pushing the boundaries of
architectural design and efficiency.
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Figure 22: Stephanie Luna (Arch I), Daniel Falc&o (Project

Architect), Mariana Lisboa (Arch Il) and Claudia Lessa (Project

Architect) during the Al Workshop.

This research conducted an activity
involving all architects in Perkins&Will’s
Sao Paulo Studio designed to assess the
knowledge and level of engagement with
Al tools in architectural design, particularly
focusing on the early stages of the design
process. It aimed to gather valuable
insights by measuring and understanding
awareness, knowledge, fears, and thoughts
among the studio’s employees regarding
the incorporation of Al tools into the
design workflow.

To achieve this, a comprehensive
questionnaire was designed and distributed
among all architects in the studio. The survey
aimed to explore the architects’ perspectives
on Al in architecture, specifically focusing on
their awareness of Al tools, their willingness
to participate in activities involving Al
implementation, and their opinions on

the advantages, disadvantages, and
challenges associated with Al integration in
architectural design.
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The form consisted of four questions, each
designed to provide meaningful insights into
the architects’ attitudes and experiences
with Al tools:

The first question, “Are you acquainted

with or interested in utilizing Artificial
Intelligence during the initial phases of

an architectural project?” focused on
evaluating the architects’ existing knowledge
and interest in employing Al tools during

the preliminary stages of architectural
projects. This inquiry aimed to gauge their
current engagement with Al and assess their
potential openness to incorporating these
tools into their design processes.

The second question, “Which Artificial
Intelligence tools are you familiar with?”
aimed to gauge the architects’ familiarity with
various Al tools. By exploring their exposure

to and knowledge of Al-based technologies
and applications relevant to architectural
design, the research aimed to gain a deeper
understanding of their prior experiences and
exposure to Al tools.

The third, “Would you like to participate in
an activity that involves the utilization of
Artificial Intelligence in a project?” delved
into the architects’ interest in participating
in activities involving the use of Al tools

in architectural projects. By gauging their
willingness to engage with Al and actively
contribute to initiatives related to its
implementation, the research sought to
identify potential avenues for collaboration
and engagement.

Lastly, “In your perspective, what are the
benefits, drawbacks, and challenges
associated with employing Artificial

Intelligence in the field of architecture?”
provided an open-ended opportunity for the
architects to share their perspectives on the
advantages, disadvantages, and challenges
associated with the utilization of Al tools

in architecture. This open-ended response
allowed the architects to freely express

their thoughts and opinions, providing
valuable insights into potential concerns,
opportunities, and areas of focus for future
implementation efforts.

The primary objective of this research activity
was to gauge the level of receptiveness and
enthusiasm among the architects towards
incorporating Al tools into their design
workflow. By examining their attitudes and
interests, the research aimed to identify
opportunities and challenges associated with
the integration of Al tools in a manner that
aligns with the needs and aspirations of the
architects at Perkins&Will's Sao Paulo Studio.

The core of any transformative endeavor lies
the recognition that people play a crucial role.
Understanding this fundamental principle,
the research recognized the significance

of placing the architects themselves at the
center of the investigation. By prioritizing their
perspectives and experiences, the research
sought to gather in-depth insights that would
inform and guide future initiatives.

The gathered insights serve as a valuable
resource, providing guidance for successful
implementation and integration of Al

tools within the studio. It emphasized the
importance of understanding the architects’
perspectives and aspirations to foster a
collaborative and innovative design process
that harnesses the potential of Al technology.
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Sao Paulo Studio Statistics

Perkins&Will's Sao Paulo Studio houses

a talented and diverse workforce of 89
individuals who play integral roles in the
design of architectural projects. Within this
environment, architects, designers, project
architects, and project managers come
together, totaling 81 professionals actively
engaged in various design-related activities.

To gather insights, a form was distributed

to all members of Perkins&Will's Sao Paulo
Studio, encompassing architects, designers,
project architects, and project managers. The
research successfully obtained responses from
42 individuals, representing a noteworthy
participation rate of approximately 51.9% of

Table 01: Workforce composition
and respondents’ statistics

the professionals directly engaged in design
activities within the studio.

Furthermore, these 42 respondents
constitute a substantial proportion of the
total workforce, accounting for 47.2% of

all individuals working at Perkins&Will’s

Sao Paulo Studio. This ensures that the
collected data encompasses a diverse range
of perspectives and experiences from a
significant portion of the studio’s design-
oriented professionals. Such extensive
participation strengthens the validity

and reliability of the data, enabling a
comprehensive analysis of the architects’
and designers’ awareness, engagement, and
perspectives regarding the integration of Al
tools in architectural design.
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Data Analysis

“Are you acquainted with or interested in
utilizing Artificial Intelligence during the
initial phases of an architectural project?”

Among the participants, a notable proportion
of 34 individuals, accounting for 81.0% of the
total respondents, affirmed their familiarity
with certain Al tools and demonstrated a
clear intention to incorporate them into their
architectural projects. This response indicates
a level of awareness and knowledge among
these participants regarding the existence
and potential benefits of Al tools in the
context of architectural design.

Conversely, 7 participants, representing 16.7%
of the total respondents, expressed a lack of
acquaintance with Al tools. However, despite
their limited knowledge in this areq, these
individuals demonstrated a strong interest in
utilizing Al tools in their architectural projects.
This subset of respondents highlights an
intriguing dynamic within the survey, where
participants recognize the potential benefits
of Al tools, even without prior familiarity.

Interestingly, a single participant, constituting
2.4% of the total respondents, indicated
both a lack of knowledge regarding Al tools
and a lack of willingness to utilize them

in an architectural project. This response
stands as an outlier within the dataset,
representing a unique perspective that
contrasts with most participants who
demonstrated either familiarity with Al tools
or expressed an interest in utilizing them.
The reasons underlying this individual’s
reluctance to embrace Al in their project
remain undisclosed, potentially stemming

from personal preferences, concerns, or

a different professional approach. The
presence of such a perspective underscores
the diversity of attitudes and opinions
within the architectural community
regarding the integration of Al tools, further
emphasizing the importance of recognizing
and accommodating varying viewpoints

in discussions surrounding Al adoption in
architectural design.

“Which Artificial Intelligence tools are you
familiar with?”

In response to the second question, the
participants identified a total of 18 Al tools.

It is important to note that while all these
tools fall under the category of Artificial
Intelligence, not all of them are directly
applicable to architectural design. Some of
the mentioned tools, such as Galapagos and
Grasshopper, are more design-oriented tools
that could be used in conjunction with Al
technologies.

Among the 18 Al tools mentioned, ChatGPT
emerged as the most widely recognized tool,
with 27 respondents indicating their previous
utilization or awareness of it. ChatGPT is

a language model developed by OpenAl.

It enables conversational interactions and
generates human-like responses based on
textual inputs. It can be used to facilitate
communication, idea generation, and
exploration of design concepts through text-
based interactions.

Following the mention of ChatGPT, it is worth
noting that Midjourney and Dall-e, two
text-to-image Al tools, were also recognized
by a significant number of participants.
Midjourney received 13 mentions, while
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Dall-e garnered 9 mentions. The inclusion
of these tools in the participants’ responses
indicates their recognition and interest in
utilizing Al technologies to generate visual
representations from textual inputs. This
highlights the growing importance of text-
to-image Al tools in the field of architectural
design and their potential to enhance

the visualization and communication of
design concepts.

Veras, mentioned by 7 participants, is a tool
that stands out for its compatibility with Revit
and Rhino models. Architects can extract
valuable insights from basic mass studies
using Veras and use them as a foundation to
generate new and innovative design ideas.

Other tools mentioned include Adobe Firefly
(5 mentions), Stable Diffusion (2 mentions),
Remodeled Al (2 mentions), and several
tools with 1 mention each: Stockimage,
Microsoft Designer, Dreamstudio, Control
net, Grasshopper, Autodesk Generative

Graph 02: Familiarity with Al Tools among Respondents

Design, Bard, Luma, Galapagos,
Biomorpher, and Bing.

On the other hand, 7 participants explicitly
mentioned that they had not yet utilized or
come across any Artificial Intelligence tools.

Graph lillustrates the level of familiarity that
respondents have with various Al tools. The
data reflects the responses of the participants
regarding their previous utilization or
awareness of Artificial Intelligence tools.

The graph showcases the percentage of
respondents who indicated familiarity with
each specific tool.
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“Would you like to participate in a workshop
involving the use of Artificial Intelligence
in a project?”

In response to the third question, which
inquired about the participants’ interest

in participating in an activity involving the
utilization of Artificial Intelligence (Al) in an
in-office setting, the majority of respondents
displayed a strong inclination towards
engagement. Specifically, 38 individuals,
comprising 90.5% of the participants,
expressed their affirmative response,
indicating their keenness to partake in a
1-hour workshop where they could actively
use and observe how Al works. Conversely, a
smaller subset of 4 respondents, accounting
for 9.5% of the participants, expressed

their lack of interest in participating in such
an activity. These responses demonstrate

a notable interest and openness among

most participants to actively engage with

Al technologies within a hands-on learning
environment. The enthusiasm and willingness
displayed by the majority further highlight
the potential for fostering knowledge and skill
development through interactive workshops
that showcase the practical applications of Al
in architectural design.

“In your perspective, what are the benefits,
drawbacks, and challenges associated with
employing Artificial Intelligence in the field
of architecture?”

When asked about the benefits, drawbacks,
and challenges associated with employing
Artificial Intelligence (Al) in the field of
architecture, the respondents provided
insights that were categorized into

several key topics.

Advantages

Speed: Respondents acknowledged that one
of the significant advantages of employing

Al in architecture is its ability to enhance

the speed of various design processes.
Al-powered tools can automate tasks that
traditionally required substantial time and
effort, such as generating volumetric studies
and producing high-quality renders.

Exploration of possibilities: Respondents
recognized that Al systems can generate,
and study different design ideas based on
provided data. This capacity for exploration
enables architects to consider a broader
range of design alternatives, facilitating a
more thorough and comprehensive design
exploration process.

Aid to creativity: The integration of Al in
architectural design can provide a supportive
environment for architects to express

their ideas and enhance their creativity.
Participants noted that Al tools can assist
architects, including those with limited
experience in complex software, in effectively
communicating their design concepts.

These tools offer intuitive interfaces and
simplified workflows that enable architects
to bring their ideas to life, visualize design
concepts, and present them to clients and
stakeholders. Additionally, Al can aid in the
development of intricate design details and
conceptual images, helping architects refine
their creative vision and deliver compelling
design proposals.
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Optimization and organization: Al's
potential to optimize work processes was
highlighted as another advantage. Architects
often engage in repetitive and bureaucratic
tasks that consume valuable time and

energy. Al-powered tools can automate these
tasks, ranging from generating tables and
documentation to analyzing large datasets.
By delegating such routine tasks to Al systems,
architects can focus their efforts on higher-
value activities, such as design thinking,
problem-solving, and strategic decision-
making. The optimization and organization
provided by Al can enhance efficiency, reduce
errors, and contribute to a more streamlined
architectural workflow.

Disadvantages

Risk of excessive dependence: One
notable concern raised by participants is the
potential risk of over-reliance on Al, which
may have consequences for human creativity
and originality in architectural projects.
While Al can expedite certain processes and
provide valuable insights, there is a danger of
relying too heavily on Al-generated solutions,
potentially leading to a homogenization of
design outcomes. It is essential for architects
to maintain a balance between leveraging Al
tools as aids and preserving their own unique
creative perspectives, ensuring that human
ingenuity continues to drive innovation in
architectural design.

Threat to employability: The rapid
advancement of Al technology raises

concerns about its impact on job
opportunities within the field of architecture.
Respondents expressed apprehensions
about potential job reductions, particularly
in tasks that can be automated or completed
more efficiently by Al systems. Architects
may face challenges in adapting to the
evolving landscape, requiring them to upskill
and embrace new roles that leverage the
capabilities of Al while complementing
human expertise.

Proper use of data: The respondents
emphasized the importance of correctly
applying the data provided by Al in decision-
making processes. They recognized that
misinterpreting or mishandling the Al-
generated data could lead to flawed design
outcomes. The architects highlighted the
need to consider their own sensitivity and
experience while incorporating Al-generated
insights into their design processes. They
stressed that Al should be viewed as a

tool to complement and enhance their
professional judgment rather than replace

it. The respondents acknowledged that

using Al data effectively requires a deep
understanding of its limitations, biases, and
context-specific considerations.

Guiding Al: The challenge of guiding Al
systems in the design process was also
acknowledged by the respondents. They
recognized that teaching and guiding the
machine to follow a line of thought and
critical experiences, akin to human designers,
is a complex task. The respondents expressed
the need to develop methodologies and
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techniques to effectively train Al systems to
understand architectural design principles,
aesthetics, and contextual factors. They
highlighted the importance of defining clear
parameters, constraints, and design criteria to
guide Al systems towards desired outcomes.
The respondents emphasized the significance
of striking a balance between allowing

Al to offer innovative suggestions while
maintaining human control and creative input
throughout the design process.

Discussion

In conclusion, the participants’ insights on

the benefits, drawbacks, and challenges
associated with employing Artificial
Intelligence (Al) in the field of architecture
reveal the complex landscape of integrating
Al into architectural practice. The advantages
of utilizing Al in architecture include
enhanced speed in design processes,
exploration of design possibilities, aid to
creativity, and optimization of work processes.
These advantages can lead to improved
efficiency, greater design exploration, and
enhanced presentation capabilities.

However, the respondents also identified
potential drawbacks and challenges.

The risk of excessive dependence on Al,

with the potential for homogenization of
design outcomes, raises concerns about
preserving human creativity and originality
in architectural projects. The threat to
employability due to automation and the
need for architects to adapt and upskill in the
face of rapid technological advancements is
a significant consideration. Proper use of data
is crucial, requiring architects to interpret

and apply Al-generated insights accurately,
considering their own sensitivity and
experience. Guiding Al systems in the design
process is a challenging task, necessitating
the development of methodologies to train Al
systems to understand architectural principles
and critical experiences.

Overall, the integration of Al in architecture
offers immense potential for enhancing
design processes, increasing efficiency, and
expanding design exploration. However,
careful consideration of the challenges and
potential drawbacks is necessary to ensure
a balanced approach. Architects must strike
a delicate balance between leveraging

Al tools to augment their creative abilities
while preserving their unique perspectives
and design sensibilities. The responsible
and thoughtful use of Al, guided by human
expertise, can lead to innovative and

sustainable architectural solutions.

As Al continues to evolve, it is essential

for architects to stay informed, adapt to
technological advancements, and embrace Al
as a complementary tool in their practice. This
requires ongoing training, collaboration, and
a critical approach to Al's capabilities and
limitations. By embracing Al’'s potential while
maintaining a human-centered approach,
architects can harness its power to drive
innovation, enhance design outcomes, and
create architecture that meets the evolving
needs of society.

38



Innovation Incubator Spring 2023

Machine Visions

Chapter II: Assessing awareness, engagement, and perspectives among Perkins&Will Sao Paulo Studio

In-Office Al Workshop

Following the assessment of awareness, interest,
and perspectives regarding the utilization of
Artificial Intelligence (Al) in architectural projects,

a subsequent activity was conducted to provide
participants with hands-on experience and foster
collaboration within Perkins&Will Sao Paulo Studio
Architects. This activity aimed to further explore the
potential of Al tools and promote interdisciplinary
engagement among architects from different sectors
and job functions.

A total of 31 employees participated in this interactive
workshop, which spanned over two Saturday
mornings and one Monday afternoon in August
2023. The workshop content remained consistent
across all three days, allowing participants the
flexibility to choose the session that best aligned with
their schedules and availability. This approach was
intentionally designed to accommodate the diverse
needs of our studio members and to encourage
active engagement.

The workshop was thoughtfully structured into four
key components to provide a comprehensive and
engaging learning experience for participants:

Research Presentation: The workshop started with

a research presentation by the authors, where the
goals and research methods of this investigation
were elucidated. This presentation served as a
foundational introduction, setting the stage for
participants to understand the workshop's objectives
and the broader context of Al integration in
architectural projects.

Introduction to Al Image Generation in Architecture
and Design: In the second part, the authors offered

a brief theoretical review that explored various
approaches to Al image generation, notably focusing

on text-to-image, image-to-image, and mass study-
to-image prompts. Participants were provided with
valuable insights into the underlying principles of Al
prompts, gaining a deeper understanding of how

to structure these prompts in both Al platforms used
in this research, Midjourney and Veras. This section
equipped participants with the necessary knowledge
to effectively engage with Al tools.

Hands-On Al Design Exploration: The third segment
of the workshop provided participants with a
hands-on experience using Midjourney and Veras.
Participants were divided into groups of a maximum
of six people, fostering a collaborative atmosphere
that enhanced discussion and engagement. During
this phase, each group engaged in creating design
ideas for a project, collectively exploring diverse
aspects such as moodboards, mass studies, and
materials, harnessing Al's capabilities to generate a
spectrum of design concepts. This practical exercise
empowered participants to visualize and experiment
with various design possibilities.

Group Discussion: To conclude the workshop, a group
discussion was facilitated. This session encouraged
participants to reflect on their Al-driven design
experiences, share their insights, and exchange
ideas. It fostered a collaborative atmosphere

where architects from different backgrounds and
perspectives could engage in a dynamic dialogue,
exploring the potential implications and applications
of Al in architectural practice.

The structured progression of the workshop, from
research context to hands-on application, aimed to
provide a holistic learning experience. Participants
were not only exposed to the theoretical foundations
of Al image generation but also actively engaged

in creative design processes, ultimately promoting
interdisciplinary collaboration, and enhancing their
readiness to leverage Al tools effectively in their
architectural work.
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Table 02: Group compositions, explored themes and
design methods.

Group Findings & Results

As previously mentioned, the workshop
unfolded over the course of three separate
days. each characterized by unique group
compositions. On the initial day, participants
were organized into two distinct groups,
denoted as Groups A and B. During the
second day, the participants formed a single
group, Group C. Finally, on the last day of the
workshop, the participants were grouped
into two separate groups, designated as
Groups D and E.

Notably, it is intriguing to observe that each
of these groups independently exercised
their autonomy in selecting diverse themes

and design methodologies to formulate their
design concepts. It is pertinent to clarify that
the authors of this research did not exert any
influence on the participants’ choice of design
methods. Instead, the groups were granted
complete freedom to determine both the
thematic focus and design approach they
wished to pursue.

Group A

As thematic focus, Group A decided to go with
a “Bamboo Habitat”. Their decision to explore
the incorporation of bamboo, known for its
flexibility, sustainability, and unique aesthetic
qualities, as a central construction material
was both innovative and environmentally
conscious. By opting for curvilinear forms,
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the group aimed to challenge conventional
architectural norms, opting for an organic,
flowing design language that harmonized
with the natural world. The group’s intent was
not merely to design a building but to create
a statement about the future of architecture,
one that embraces nature as an integral part
of the built environment.

The approach taken by this group parallels
the methods commonly employed by

FRE

architects, where data exploration is a

non-linear process, where architects often

o phie S i

utilize a variety of methods to discover ideas,
avoiding rigid constraints. The group started

by defining keywords and key concepts that

would guide their experiment, subsequently
they created textual prompts in Midjourney
that reflected their vision to the project. These
textual prompts served as a bridge between
their initial abstract concepts and tangible
design possibilities, giving a imagistic
dimension to the group’s initial ideas.

This initial phase served as a brainstorming
session, where abstract concepts were
transformed into design possibilities.
Subsequently, they transitioned to sketching,
introducing the analog element into Al.
Architects typically express themselves more
decisively through sketches and drawings,
making this method an effective means of
expressing their creative vision. This fusion
of traditional and digital methods not only
facilitated a more direct and expressive
input process but also demonstrated the
architects’ adaptability in harnessing the
capabilities of Al alongside their own creative

instincts. Finally, they incorporated Photoshop Figures 23-26:

to merge fragments of images generated Drawings, post-its and
by Midjourney, showcasing their ability to Al-generated images
created by Group A.
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manipulate and refine Al-generated content
to align with their vision.

In essence, Group A's journey through the
“Bamboo Habitat” theme encapsulated

the essence of contemporary architectural
exploration—a dynamic interplay of tradition
and innovation, sustainability and aesthetics,
and the convergence of digital and analog
techniques. Their process represented

a thoughtful response to the evolving
challenges and opportunities in architecture,
promising fresh insights into the potential

of bamboo as a construction material and

the profound synergy between Al and
Figure 27: Al-
generated image

created by Group B.

architectural design.

Group B

Under the theme “Reimagining Pinheiros
River,” Group B ventured to explore
innovative possibilities for the utilization

of this important watercourse in Sao

Paulo. The Pinheiros River weaves through
diverse neighborhoods, connecting regions
characterized by varying population densities
and urban attributes, spanning from the
northern to the southern parts of the city.
Historically, the mid-20th century witnessed

a transformation in the river's morphology
when extensive straightening measures were
applied, facilitating urban expansion into

its floodplains, and subsequently leading to
the construction of the Marginal Pinheiros
expressway—an indispensable transportation
artery for the city. Regrettably, these
engineering interventions, compounded by
the prioritization of road infrastructure lining

its banks, have engendered multifaceted Figure 28: Al-
challenges. These include severe water generated image
created by Group B.
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pollution issues, as well as the gradual

isolation of the population from the riverbanks,

which possess the latent potential to serve as
recreational and leisure spaces.

In response to this complex context, recent
years have witnessed gradual shifts in urban
planning and environmental initiatives aimed
at revitalizing the Pinheiros River. These
endeavors encompass enhanced sewage
collection and treatment systems, coupled
with the establishment of linear parks along
the river’s course. Despite these promising
developments, the transformation remains

in its initial stages. Against this backdrop,
Group B sought to imagine what this potential
future might hold.

Similar to Group A, Group B initially defined
keywords to create prompts in Midjourney and
develop their initial ideas and proposals. In a
subsequent phase, they began searching for
reference images on the internet depicting
the current state of the Pinheiros River,
characterized by murky waters due to extreme
pollution and expressways running along

its banks. The group used these reference
images as a starting point to envision a river
integrated into the daily life of the population,
with clean waters that could be used by the
community for leisure or transportation.

This distinctive design approach employed

by the team exhibits a captivating fusion of
textual prompts with existing visual references,
thereby enhancing the creative potential of
the text-to-image Al tools. It underscores

the versatility of this digital technology

as a catalyst for architectural ideation,
demonstrating its capacity to synergize with
diverse data sources and imagery in the
service of design innovation.

Group C

Group C proposed the conceptualization of
a university building. An intriguing facet of
this group was the inclusion of a director who
had previously been involved in a significant
project for a prominent university and
medical research center in Sdo Paulo. While
the project’s parameters were collectively
established, each architect brought their
own unique experiences and perspectives to
the table, enriched by their past involvement
in diverse architectural ventures. Notably,
Group C also boasted a contingent of senior
architects, including individuals holding the
roles of senior project designer and senior
project manager. This dynamic composition
significantly influenced the discourse
surrounding the project’s design concept and
its fundamental determinants.

In line with the methods embraced by the
initial two groups, Group C initiated their
creative journey by constructing textual
prompts, seamlessly integrating them into the
Midjourney platform. As the initial ideas took
form and substance, the group seamlessly
transitioned into the realm of sketching,

a time-honored medium in architectural
exploration. Through sketches, they ventured
deeper into the intricate exploration of the
university building’s interior spaces, aiming to
capture the essence of their design aspirations
within the digital canvas.

One intriguing observation arising from
Groups A & Cis the engagement with the
Midjourney platform was the discernible
divergence in outcomes when textual
prompts were employed as opposed to the
incorporation of images or sketches with the
prompts. When relying solely on text-based
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prompts, the generated images bore a closer
resemblance to traditional 3D architectural
renderings. These outputs exhibited a
heightened degree of realism, aligning

more closely with conventional architectural
visualization techniques.

In contrast, when both groups employed

the combined power of textual prompts

and accompanying images or sketches, the
generated images manifested a certain
sketched quality. These outputs retained an
element of artistic interpretation, offering a
hint of fluidity and hand-drawn aesthetics
within the digital domain. What set this
approach apart was the initial input provided

by sketches, which introduced a distinct layer
of creativity and personal expression into the
design process.

In practice, both types of generated images,
the more realistic and the somewhat sketch-
like, complemented each other effectively.

They contributed to a more comprehensive

discussion of the design concept. The
advantage of the latter, which incorporated

sketches, lay in its capacity to initiate the

process with a more expressive and intuitive
input, ultimately enriching the ensuing
digital exploration with a unique touch of the
architects’ creative intent.

Figures 29-32: Al-
generated images
created by Group C.
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Group D

Group D attempted to conceive a “Care
Center.” In contrast to their counterparts,
this group chose to decline supplementary
ideation methods, relying solely on
Midjourney for the inception of their concepts.
This approach had a discernible impact on
the evolution of their ideas and subsequently
influenced the results obtained. It's essential
to underline that the research’s primary aim
did not encompass intervening or exerting
influence over the design processes of the

participating groups; its role remained

nonintrusive.

The decision to rely solely on textual prompts
for ideation within the Midjourney platform
presented a considerable challenge. It
became apparent that architects faced
significant obstacles in understanding the
complexities of Midjourney’s syntax and

how the arrangement and significance of
words could wield substantial influence over
the outcomes. Additionally, the necessity to
provide text inputs in English, a language not Figures 33-35: Al-

generated images
created by Group D.

native to any of the participants, introduced

an extra stratum of difficulty to the process.
It is of paramount importance to underscore
that architects are inherently predisposed
to conceive, deliberate upon, and elucidate
ideas primarily through the medium

of sketches and drawings. This natural
inclination toward visual expression posed a
contrasting dynamic to the primarily text-
based approach, further emphasizing the
complexity of the endeavor.

The experience made by this group shed
light on the need for architects to acquire
an understanding of how to effectively

communicate with Al tools. Just as spoken
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languages have their unique sets of rules and
syntax that speakers must comprehend to
convey their ideas effectively, programming
languages, and more specifically, Al tools,
possess their own set of rules and structures.
These rules must be comprehended

to establish a seamless dialogue with
computers and harness the technology to
one’s advantage in the architectural design
process. Mastery of this digital language

is increasingly becoming an essential skill
for architects, enabling them to bridge the
gap between their creative vision and the
capabilities of Al-driven platforms.

Group E

Group E adopted a distinct approach
compared to the other groups. Their
objective centered on conceptualizing the
headquarters of a cosmetics company. which
also happened to be a client of the Sdo Paulo
studio. Rather than starting the process with
a predetermined set of architectural precepts
or stylistic preferences, they explored into the
foundational principles of the client’s mission,
values, and visionary pursuits.

By examining the client’s mission statement,
core values, and long-term aspirations, the
architects sought to establish a profound
alignment between the architectural
narrative and the client’s corporate identity.

This exercise sought to encapsulate a full
comprehension of the client’s operational
principles, cultural values, and spatial
requirements. Consequently, the textual
prompts generated were infused with

an intrinsic understanding of the client’s
distinctive identity. These prompts did not

Company Values:
creative and
inovative, joyful and
happy, enthusiastic,
diverse and full of
people, trustworthy,
sincere, satisfaction,
beautiful, inclusive,
collectivity and
teamwork

: Key-words

Figures 36
and Al-generated images
created by Group E.
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merely delineate architectural elements but
encapsulated a nuanced comprehension of the
client’s aspirations and organizational culture.

Moreover, the composition of Group E,
comprising architects of the Corporate Interiors
sector, added an additional layer of depth

to this exercise. This validation by architects
specializing in this architectural typology
engendered a notable dimension of intrigue,
affording compelling insights into the tool’s
efficacy and its potential ramifications.

In sum, Group E's approach to architectural
ideation transcended traditional paradigms,
forging a dynamic interplay between corporate
ethos, architectural form, and the innovative
potential of Al-driven design. This atypical
exploration exemplified the capacity of Al

tools to engage in a meaningful dialogue with
the multifaceted dimensions of contemporary
architectural practice.

Chapter Discussion

The groups’ endeavors into architectural design,
augmented by the integration of Al, have
illuminated a range of opportunities within the
architectural landscape. These explorations
displayed the multifaceted roles that Al can play
in shaping contemporary architectural practice.

Group A's synthesis of natural materials with
digital ideation showcases how Al can serve

as a catalyst for sustainable, nature-inspired
architectural innovation. In parallel, Group

B's embrace of textual prompts and visual
references highlights Al's potential in addressing
complex urban and environmental challenges.
The diverse themes and methodologies adopted
by these groups underscore the adaptability

and versatility of Al tools as enablers of
architectural creativity.

Group C’s venture into university building
design shows the capacity of Al to foster
interdisciplinary discourse. By seamlessly
integrating textual prompts with sketches, this
group unveiled a harmonious convergence of
traditional and digital approaches.

Group D’s exploration, centered exclusively
on textual prompts, underscores the need
for architects to master the language of Al.
The challenges encountered by this group
emphasize the imperative of Al literacy
within the architectural profession. Al's role
as a digital collaborator, akin to mastering a
distinct language for design communication,
holds transformative potential for
architectural practice.

Lastly, Group E's engagement with corporate
identity elucidates Al’s role in forging a profound
alignment between architectural concepts and
organizational values. By infusing Al-generated
textual prompts with nuanced understanding,
architects can craft designs that resonate with
the essence of a client’s mission and vision.

The validation of Al-generated concepts by
architectural experts reaffirms the potential of Al
to harmonize architectural ideation with real-
world requirements.

In sum, the groups’ findings collectively exemplify
the multifaceted collaboration between
architects and Al. The architectural profession
stands at a transformative juncture, where Al
serves as a versatile collaborator across diverse
domains. Architects can harness Al’s capabilities
to propel sustainable design, address urban
challenges, facilitate interdisciplinary discourse,
and align architectural narratives with

corporate identities.
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Final on-line form for participants

Following to the workshop, a comprehensive
online questionnaire was administered to the
participants, soliciting their reflections and
insights. This post-workshop survey sought to
gauge any perceptible shifts in participants’
perspectives concerning Artificial Intelligence
tools in architectural design.

Furthermore, it aimed to identify the

primary challenges encountered during the
workshop, emphasizing the critical areas
where participants faced hurdles when
interfacing with Al-powered design platforms.
Participants were also encouraged to share
their thoughts on the extent to which they
were able to guide the Al tools toward
achieving their intended design outcomes.

The survey inquired about participants’
viewpoints regarding the most feasible stages
within the architectural design process for
the application of the Al tools featured in
the workshop. Additionally, participants
were asked to articulate their post-workshop
impressions, delineating the advantages,
obstacles, and overarching challenges they
perceived in the integration of Artificial
Intelligence within the architectural

design process.

The collective responses to these inquiries
serve as a valuable supplementary dimension
to the findings of this study, offering a

more comprehensive understanding of

the participants’ evolving perceptions and
informed conjectures concerning Al’s role in
architecture.

After your participation in the workshop,
did your perception of Artificial Intelligence
tools change?

A common thread among participants

was their surprise at Al's image generation
capabilities. The Al’s ability to create
sophisticated architectural visuals was
viewed as impressive and enlightening.

This newfound knowledge fueled curiosity
and prompted participants to consider
applications they hadn’t previously
contemplated. They acknowledged Al’s
capacity to assist in generating design
concepts and providing visual representations
of architectural ideas, though they recognized
the need for refining techniques for optimal
effectiveness.

However, this enthusiasm was coupled
with an acknowledgment of the challenges
inherent in working with Al tools. Several
participants highlighted the difficulty of
creating text prompts that the Al could
consistently and accurately interpret. They
identified the necessity of delving deeper
into Al syntax and language processing,
understanding that realizing Al’s full potential
demanded a nuanced grasp of word
usage, phrases, and context within these
digital systems.

For some, the workshop didn’'t fundamentally
alter their perception of Al, as they already
possessed prior knowledge of the technology.
Nevertheless, their participation provided

a valuable opportunity to explore Al's
architectural applications in a hands-on
manner. They recognized that Al, while
promising, was still in its infancy within
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architecture. However, the workshop offered
valuable insights into its potential roles,
including as a tool for reference and design

exploration.

A recurring consensus was evident among
participants: the belief that Al could serve
as a supplementary tool, enhancing the

efficiency and creativity of architectural work.

It was seen as a means to streamline routine
tasks, freeing architects to concentrate on
higher-level design thinking. Furthermore,
participants regarded Al as a catalyst for
idea generation, capable of providing fresh
insights and solutions when used as part of a
collaborative, two-way relationship between

the user and the Al tool.

While some participants expressed
astonishment at the quality of Al-generated
images, they also recognized certain
limitations, such as the need for more precise
input and the ongoing evolution of Al
capabilities. Nevertheless, the workshop left
them with a sense of optimism, understanding
that this technology had the potential to be
an invaluable ally in the architectural process.
Continued exploration, experimentation,

and adaptation to evolving Al capabilities
were seen as key to harnessing its potential
effectively.

Table 03: Observations
and Recommendations
for Question #01.
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Do you believe you were able to guide the
Artificial Intelligence tool to achieve the
expected results?

The participants’ experiences in directing
Al tools to meet their expectations

were characterized by a sense of both
accomplishment and complexity. Several
participants acknowledged that they were
partially successful in guiding Al tools
towards their intended outcomes. However,
they noted that when they attempted to
refine and attain more precise results,

the Al's responses often deviated from
their original objectives. This deviation
sometimes led them to unexpected places,
although they were pleasantly surprised by
the Al's capabilities. It became apparent
that the Al often interpreted prompts quite

literally, highlighting the need for a more
nuanced approach.

Others expressed a more affirmative

stance, affirming that they were able to
direct the Al tools to achieve the expected
results, although after several attempts and
refinements. These participants mentioned
that their groups ultimately achieved
outcomes that aligned with their initial
expectations, demonstrating a learning curve
in effectively communicating with the Al.

There were also participants who described
their experience as “partially successful,”
indicating that while some results met their
expectations, others required better direction
when structuring prompts. They recognized
that achieving the desired outcome often
depended on the effectiveness of the
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prompt’s formulation.

Some participants began with affirmative
responses, noting that initially, the Al tools
delivered highly satisfactory results aligned
with their project goals. However, as they
expanded their scope to more complex
scenarios, such as designing a complex space
they encountered significant variations in the
Al's responses.

A common thread across participants’
responses was the acknowledgment that
while directing Al was possible, it often
required close attention and a focused
approach to achieve results closely aligned
with their initial ideas. Participants recognized
that success wasn't solely contingent on

Al tool capabilities but also hinged on the
direction provided by the user or team.

Many participants reflected on the initial
difficulties they encountered in their attempts
to guide the Al. They described the challenges
of working with highly complex and
imaginative ideas, emphasizing that Al often
responded more effectively to text prompts
than to blends of two Al-generated images.
Over time, participants developed a better

understanding of how the Al interpreted
words and commands, allowing them to fine-
tune their instructions more precisely. In some
instances, participants had to acknowledge
the limitations of Al, especially in handling
highly abstract or imaginative concepts,
leading them to redirect their efforts.

While a few participants indicated that they
still needed to gain a better understanding
of how to use Al effectively, others expressed
confidence in their ability to work with

these tools. They viewed the workshop as a
valuable starting point for further exploration
and experimentation with Al tools,
particularly in the context of architectural
design development.

In conclusion, participants’ responses
highlighted a spectrum of experiences

in directing Al tools to achieve expected
outcomes. Their reflections underscored
the need for nuanced communication with
Al, recognizing that success often required
iterations, adjustments, and an evolving

understanding of the tools’ capabilities.
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In which stages of the design process do
you think it is feasible to apply the Artificial
Intelligence Image Generation tools shown
in the workshop?

Participants widely agreed that Al Image
Generation tools find the most meaningful
application in the initial stages of design,
particularly during project conceptualization.
Al was perceived as a valuable resource for
quickly generating references, conducting
simulations of facades and materials, and
creating visual and graphic explorations of
design concepts. These tools were seen as
instrumental in producing initial design ideas,
facilitating communication with clients, and

streamlining the early phases of design.

Participants highlighted Al’s utility in

generating keywords and mood boards

to validate design directions with clients,
particularly during the often-unpaid phases
of study and prospecting. By reducing

the time required to create these visual
representations, Al supported architects in the
initial ideation and communication process.

The consensus was that Al tools were
especially helpful in the conception and
presentation of proposals for both building
and interior design. They aided in generating
design concepts, referencing images, and
inspiring creativity.

Generative Al tools like those explored

in the workshop were deemed suitable
for preliminary studies and concept
creation. They were seen as conducive to
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“thinking outside the box” and exploring
unconventional design possibilities, even
beyond the architects’ initial imagination.

The potential applications of Al were
noted from the inception of the project to
the development of concepts and ideas.
Participants expressed enthusiasm for Al’s
ability to assist in creating unique patterns
and textures for images and renders, a
practice they believed should be more
prevalent in the field. Additionally, Al was
viewed as a means to translate clients’
sometimes vague descriptions into tangible
design concepts.

The early phases of design, such as feasibility
studies, were identified as an ideal stage

for Al utilization. Al's capacity to provide
references and aid in the generation of
design ideas was particularly valuable
during this phase.

Participants suggested that, with greater
mastery of Al tools, they could be applied in
various design stages, including interiors and
detailing. The consensus was that Al could
potentially benefit all phases of architectural
work, provided architects become more
proficient in these tools.

The idea of using Al to expand creative
thinking and refine initial ideas in the form
of sketches or collages was widely accepted.
Al was perceived as a tool for broadening
the spectrum of design possibilities and
improving the quality of early-stage

design work.

Participants emphasized Al's role in exploring
new design possibilities, expanding
references, and thinking beyond conventional
design constraints. Al was regarded as an
enabler for architectural creativity, pushing
the boundaries of design concepts.

In conclusion, participants recognized the
diverse applicability of Al tools across multiple
stages of the architectural design process.
Their insights revealed a collective perception
of Al as a valuable resource for enhancing
creativity, streamlining communication with
clients, and facilitating the early stages

of design. This consensus underscores the
potential of Al to transform architectural
practice by empowering architects with
innovative tools and approaches.

53

Machine Visions



Perkins&Will

Chapter II: Assessing awareness, engagement, and perspectives among Perkins&Will Sao Paulo Studio

After your participation in the workshop,
what are the advantages, difficulties, and
challenges of using Artificial Intelligence
Image Generation in the architectural
design process?

Advantages of Al Integration:

One of the most prominent advantages
highlighted by participants is the agility and
vast range of references that Al tools offer.
They noted that Al allows for rapid generation
of design references and facilitates concept
development, streamlining the initial stages
of project ideation. This prompt workflow

enables architects to quickly explore design
alternatives and generate new ideas.

Moreover, Al’s ability to provide an almost
infinite and novel repertoire of design images
and concepts was emphasized. Participants
recognized that Al-generated images are
inherently diverse and continually evolving,
offering architects access to an array of

creative inspiration.

The speed at which Al can generate images
emerged as a significant advantage, enabling
architects to visualize their design ideas
swiftly. This accelerated image generation
process aids in concept materialization
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and the effective communication of
design proposals.

Al was also perceived as a means of
enhancing creativity. Participants noted

that it fosters fresh insights and proposals
that architects may not have arrived

at independently or that would have

taken significantly more time to develop.
Additionally, Al was seen as a valuable tool
for improving client collaboration by creating
visual representations that facilitate client
understanding and feedback.

Difficulties Encountered:

Despite its advantages, participants
acknowledged several difficulties associated
with Al integration. Understanding how Al
comprehends and interprets architectural
language and instructions posed a common
challenge. Participants found it challenging
to formulate accurate descriptions

and commands that would yield the

desired results.

Technical competence was another obstacle.
Participants recognized the need to develop
expertise in effectively navigating Al tools and
its host platforms. This entails acquiring the
skills to articulate design concepts within the
Al framework, a skill set crucial for maximizing
Al's potential.

Participants also acknowledged that Al

tools are still in the developmental stage,
occasionally leading to imperfect outputs.
They noted the importance of understanding
Al's capabilities and limitations, actively
participating in its refinement, and not solely
relying on its results.

Challenges Faced:

In addition to difficulties, participants
identified broader challenges related

to Al integration in architectural design.
Overcoming resistance and prejudice among
more traditional architectural professionals
was recognized as a significant challenge.
Encouraging widespread acceptance

and usage of Al in architectural practice
necessitates cultural shifts within the industry.

Concerns surrounding data security and

the handling of data within Al platforms
were highlighted as pertinent challenges.
Architects seek assurances regarding the
responsible usage and protection of sensitive
project data.

Maintaining diversity in design solutions

and avoiding overreliance on Al-generated
ideas to prevent conventional and biased
outcomes was another challenge discussed.
Participants emphasized the importance of
preserving human creativity and ingenuity in
the design process.

Professional adaptation to the rapidly
evolving landscape of Al tools was also
identified as a challenge. Architects need
to continually update their skills and stay
informed about Al's development and
integration into practice.

Ensuring the quality and contextual relevance
of Al-generated results, particularly
concerning local and cultural contexts, was
recognized as a complex challenge. This
entails meticulous oversight and validation of
Al-generated outputs.
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Do you think Artificial Intelligence will
change our profession? How?

On Collaboration:

Many participants expressed optimism about
Al's potential to become a valuable ally in
architectural design. They envisioned Al as a
tool that could assist in the creation of new
architectural projects and, more notably,
automate manual aspects of the design
process. This automation, they believed,
would allow architects to allocate more time
and focus toward studying and developing
superior solutions.

Furthermore, participants recognized Al’s
capacity to optimize various processes within
architecture and present technical solutions.
However, they emphasized that Al should

be seen as a complement rather than a
replacement for the sensitivity and expertise

of skilled architects. In this view, Al would
revolutionize the industry but not supplant its

human professionals.
On Transforming Processes:

The consensus among participants was that
Al's impact on architecture would manifest
in two phases. In the short term, Al would
accelerate processes, enhancing efficiency
and aiding in tasks like image generation.
However, participants envisioned a more
profound transformation in the long term,
where Al could potentially replace entire
processes, from creative ideation to repetitive
tasks, such as design documentation

and detailing.

They saw Al as a tool for initial project
development, generating variations and
improved versions of initial concepts.
Additionally, Al could streamline tasks
related to project feasibility and legislative
compliance. This shift might enable
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architects to dedicate more time to informed
decision-making.

Nonetheless, participants recognized that
these changes would likely affect work hours
and the distribution of responsibilities within
architectural firms. They raised questions
about how the industry would adapt to these
shifts and the role of human professionals in
decision-making processes.

On Human-Computer Interaction:

Several participants emphasized the
collaborative aspect of Al integration. They
believed that architects would need to
actively contribute to and guide Al systems,
feeding them with knowledge, technical
expertise, legal regulations, and architectural
principles. In this vision, architects would
become stewards of Al, harnessing its
capabilities for more efficient and innovative
architectural solutions.

On Design Evolution:

Participants also anticipated that Al would
impact the evolution of architectural
design styles. They speculated that Al
could contribute to the emergence of new
architectural movements, characterized by
digital fabrication and innovative design
approaches. Simultaneously, they foresaw
a counter-culture movement in Academia
and among some architects, preserving the
human creative essence in contrast to Al-
aided designs.

In conclusion, participants’ perspectives

on the influence of Al on the architectural
profession are diverse and multifaceted.
While many foresee Al as a powerful tool
that can enhance architectural processes,
they also underscore the irreplaceable role of
human architects in creative decision-making
and design. The trajectory of Al's integration
into architecture remains a subject of ongoing
exploration, offering both opportunities and
challenges for professionals in the field.
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Guidelines for the implementation of Al Image Generation

tools in the Design Process

“Al makes smart people faster, it doesn't make
people smarter.”

SHRESHT NAGPAL, VICE PRESIDENT AT INTROBA
Digital Practice Core eXchange - Our Use of Al at Perkins&Will, July 18" 2023

In the realm of architectural design,

the incorporation of state-of-the-art
technologies stands out as a crucial
determinant in molding the future trajectory
of the industry. lllustrating this profound shift,
the present research takes cues from the
implementation strategy utilized by Veiga
(2021), who successfully integrated daylight
simulation tools into the design process of a
prominent architectural design firm in Brazil.

This systematic methodology breaks down
the implementation process into four
interdependent areas: Technology, Process,
People and Management. In the Technology
phase, the focus is on selecting digital tools
for the company’s design process, considering
objectives, complexity, cost, and the team'’s
skills. Subsequently, in the Process phase,
steps are developed to seamlessly integrate
this chosen technology into the company'’s
design process. This involves defining stages,
establishing data exchanges, and clarifying
responsibilities. The People aspect follows,
where the process is structured to empower
company employees to adeptly operate

the technology based on their existing
knowledge and skills. Supporting documents
and training are provided to ensure a smooth
transition. The final phase, Management,

involves a comprehensive analysis of
implementation results against predefined
objectives. This evaluation considers project
quality, stakeholder value perception,

and competitive advantage. The method
underscores the interdependence among
these areas, emphasizing the importance of a
systematic diagnosis at each phase.

As Al technologies offer exceptional
capabilities in architectural visualization and
concept development, architects and design
professionals must meticulously evaluate
the best-suited technologies. The selection
of Al tools should be informed by a deep
understanding of their potential applications
at various stages of the design process.

This involves not only identifying the most
suitable Al platforms but also assessing how
these tools can seamlessly integrate into

the architectural workflow. The technology
chosen should align with the requirements
and goals of the architecture studio, ensuring
that it complements the existing design
processes rather than disrupts them.

Furthermore, it is paramount to discern

how these technologies can be effectively
applied at various junctures of the design
management process. Education and
training emerge as critical components here.
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Architects and staff within architectural firms
should receive comprehensive training in Al
image generation, encompassing not only
the technical aspects but also the creative
and conceptual dimensions, as well as how
to critically consume these tools. This equips
them with the skills and insights needed to
leverage Al as a powerful ally in the design
process, enhancing creativity, efficiency,

and innovation.

Additionally, adept management of this
implementation, considering both its
immediate and long-term implications,

is central to its overall success. Architects

and design managers must be cognizant

of the challenges and opportunities that Al
integration presents. A clear and adaptable
management strategy should be in place,
addressing issues such as data security,
quality control, and the evolving landscape of
Al capabilities. It's essential to strike a balance
between embracing the potential of Al and
maintaining the essential human touch in
architectural design.

The following guidelines have been
formulated based on the feedback from
participants who actively engaged in the
workshop discussions, as well as insights
gleaned from the review of literature review.
By synergizing the practical experiences and
reflections of workshop participants with the
insights drawn from the broader architectural
discourse, these guidelines encompass a
thorough range of considerations. They aim
to empower architecture studios to navigate
the terrain of Al implementation, considering
both the experiential and theoretical
dimensions of this technology.

Graph 03: Proposed Method of Implementation based on
Veiga (2027).
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Technology

Architectural firms should assess the
potential of Al tools, considering their image
generation capabilities and compatibility
with existing software. The seamless
integration of these tools into the studio’s
technological framework is of paramount
importance, with a particular emphasis on
aligning them with architectural software and
data formats. Expanding beyond the realm
of tools, the section on Data Management
and Quality Control emphasizes the critical
role of curating high-quality architectural
data. A well-organized and clean dataset is
identified as a crucial element for effectively
training Al models, enabling them to produce
accurate and contextually relevant design
images. Concurrently, the necessity for robust
data security measures is underscored to
safeguard the confidentiality of sensitive
architectural information. Within the domain
of Training and Skill Development, architects
are urged to foster technical proficiency in
utilizing Al tools. Strategic investments in
training programs are deemed essential to
equip architects with the necessary skills

for seamless interaction with Al systems.
Moreover, an intricate understanding

of Al syntax and language processing is
deemed indispensable, facilitating the
crafting of precise text prompts that yield
desired outcomes.

1. Al Tool Selection and Integration

1.1. Evaluate Al Tools Carefully: Architectural
studios should conduct thorough assessments
of available Al tools to identify those most
suited to their specific needs. Paramount
among these considerations is an in-

depth exploration of the Al tool’'s image
generation capabilities. The ability to create
sophisticated and relevant architectural
visuals is a critical aspect, as it directly
influences the tool’s efficacy in contributing
to the design process. Compatibility with
existing software within the architectural
studio’s technological ecosystem is another
pivotal factor to analyze. Ensuring that the
selected Al tool seamlessly integrates with
the established software infrastructure is
essential for cohesive and efficient workflow
integration. Furthermore, the ease of
integration itself is a key determinant, as a
user-friendly and straightforward integration
process can significantly impact the adoption
and effectiveness of the Al tool.

1.2. Integrate Al Seamlessly: Ensure

that selected Al tools can be seamlessly
integrated into the existing technological
infrastructure of the architecture studio. This
integration demands meticulous attention
to compatibility, ensuring that the chosen

Al tools harmonize effortlessly with the
established architectural software in use.
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2. Data Management and
Quality Control

2.1. Curate High-Quality Data: Prioritize
the collection and curation of high-quality
architectural data, like relevant sketches,
keywords, plans, textures and materials.
Clean, well-structured data is essential for
training Al models to produce accurate
and relevant design images. The quality of
the input data profoundly influences the
efficacy of Al models, shaping their ability to
comprehend architectural nuances, trends,
and design principles.

Moreover, this emphasis on data quality
serves as a proactive measure in mitigating
biases and inaccuracies that could potentially
arise during Al model training. It establishes
a robust framework wherein Al becomes

a reliable and informed collaborator in

the architectural design process. Thus, the
deliberate curation of high-quality data
emerges not only as a preparatory step but
as an enduring commitment to fostering
the synergy between Al capabilities and
architectural creativity.

2.2, Data Security Measures: Implement
robust data security measures to protect
sensitive architectural information. A

crucial aspect of data security within the
architectural landscape is the careful
consideration of materials that are fed into
Al applications. Notably, certain materials,
such as renders for ongoing projects, plans,
and other sensitive content, should be treated
with maximum caution, and excluded from
the purview of Al processes. This discerning
approach is essential to prevent inadvertent
exposure of confidential information

and uphold the integrity of ongoing

architectural projects.

Architectural professionals and companies
bear the responsibility of developing and
implementing policies governing the usage
of Al within studios. It's noteworthy that,
across the architectural landscape globally,
policies for Al applications are still in the
developmental stage in many firms. In

the context of Al, the sharing of sensitive
architectural material raises significant
concerns. Given the dynamic nature of digital
information and the lack of control over its
subsequent storage and access, architectural
studios are advised against sharing sensitive
material without rigorous scrutiny. The
absence of control over where the material

is stored and who gains access to it poses
inherent risks to the confidentiality and
security of architectural data.

3. Training and Skill Development

3.1. Technical Proficiency: The emphasis on
technical proficiency extends beyond a mere
acknowledgment of Al’s existence within

the architectural landscape; it calls for a
proactive approach in cultivating expertise
among architectural professionals. These
training initiatives should be crafted to offer
hands-on experiences, enabling architects
to navigate Al tools with confidence

and efficacy. By delving into practical
applications, architects can develop a
profound understanding of how Al interfaces
with the intricacies of architectural design.
The goal is to foster a level of expertise that
transcends theoretical knowledge, enabling
architects to leverage Al tools as dynamic
collaborators in the creative process.
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Investing in such training programs becomes
pivotal for architectural studios aspiring

to harness the full potential of Al. These
initiatives should cover not only the technical
aspects of Al tool usage but also the broader
implications for design thinking processes.
Architects need to comprehend not just the
functionalities of Al tools but also how these
tools can augment their creative insights,
streamline workflows, and contribute to
innovative design solutions.

3.2. Al Syntax and Language: Al Syntax

and Language pose a distinctive challenge
and opportunity. Developing a nuanced
understanding involves more than a surface-
level comprehension of how Al interprets
language; it necessitates a profound grasp
of the underlying mechanism that drive
language processing. Architects need to
comprehend the details of how Al translates
textual inputs into actionable design
outputs, navigating the particulars of syntax,
semantics, context, and the significance
assigned to words in a prompt.

The art of crafting prompts extends beyond
conventional language use, demanding a
sensitivity to the specific syntax preferences
of Al models. Architects must become

adept in tailoring their instructions to align
seamlessly with the linguistic patterns that Al
tools comprehend.

Design Process

At the intersection of architecture and Al,
architects are confronted with the imperative
of redefining their approach to design
processes. In this section, the focus sharpens
on the dynamic nuances of Collaborative
Design Integration, transcending the
conventional perception of Al as a mere

tool to position it as an integral creative
partner. Architects are encouraged to adopt
a two-way interaction model, fostering
collaboration that iteratively refines designs
under the guidance of human expertise.

The exploration extends beyond static
methodologies to delve into Continuous
Learning and Adaptation, underscoring the
need for flexible workflows that adapt to the
ever-evolving landscape of Al capabilities.

4. Collaborative Design Integration

4.1. Al as a Creative Partner: Encourage
architects to view Al as a creative partnerin
the design process. Cultivate an atmosphere
conducive to collaboration, fostering a
dynamic synergy between architects and Al
tools. Highlight the profound potential that
emerges when human ingenuity intertwines
with the computational capabilities of Al,
emphasizing the transformative impact on
the overall creative output of architectural
endeavors. This paradigm shift encourages
architects to not only harness Al for its
technical prowess but to integrate it
seamlessly into the collaborative fabric of
the design process, thereby unlocking novel

dimensions of creativity.
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5. Continuous Learning and Adaptation

5.1. Experimentation Culture: Nurture an
Experimentation Culture within the studio,
fostering an environment where architects
actively engage in experimentation and
exploration. Encourage architects to

delve into the creative possibilities offered
by Al-generated concepts, providing

them with the freedom to explore new
possibilities. Emphasize the importance of
experimentation as a catalyst for creativity
and innovation, allowing architects to push
boundaries and discover novel ways in which
Al can enhance the design process.

People

The focal point rests on providing architects
not just theoretical knowledge but,

more importantly, hands-on experience.
Educational initiatives are strategically poised
to extend opportunities for architects to
actively immerse themselves in the intricate
realm of architectural design, engaging with
Al applications. Acknowledging that well-
informed professionals are better equipped
to unlock the profound potential of Al,

there emerges a strategic imperative for
initiatives to ensure architects are not merely
acquainted but deeply familiar with the

expansive capabilities and possibilities that
Al introduces to the realm of architectural
creativity.

6. Education and Training Initiatives

6.1. Hands-On Experience: Facilitate an
immersive educational experience for
architects by providing them with practical,
hands-on exposure to Al tools. Educational
initiatives should extend beyond theoretical
knowledge, offering architects tangible and
practical encounters with Al applications

in the domain of architectural design.
Emphasize the significance of practical
exposure, enabling architects to actively
engage with Al tools, fostering a deeper
understanding of their functionalities

and potential within the architectural
creative process.

6.2. Al Familiarity: Promote a comprehensive
understanding of Al among architects to
ensure their familiarity with its capabilities
and potential in the realm of design. It is
imperative that architects possess knowledge
that goes beyond mere awareness, enabling
them to comprehend the intricacies of Al
applications. Well-informed professionals are
better equipped to harness the full spectrum
of Al capabilities effectively within the

architectural domain.
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Management

The focus converges on the imperative

of Impact Assessment, urging the
implementation of robust mechanisms

to monitor the influence of Al on design
processes. Regular evaluations become
paramount, facilitating a nuanced
understanding of Al's effectiveness, and
allowing for agile adjustments where
necessary. Recognizing the profound shifts
that Al integration may necessitate, the
discourse unfolds into Change Management.
Architectural studios are prompted to
acknowledge that the introduction of Al

can reshape project management and
design processes, necessitating a strategic
implementation of change management
strategies for a seamless transition. As the
exploration evolves, the spotlight shifts to the
realm of Innovation Support, emphasizing
the creation of an environment that not only
accommodates but actively encourages
innovation through Al.

7. Strategy Development

7.1. Strategic Implementation: Strategic
Implementation involves the meticulous
development of a comprehensive plan for the
seamless integration of Al into architectural
design, encompassing both project and
design management aspects. Architects and
Managers are encouraged to define clear
objectives, identifying specific use cases
where Al can bring substantial value. This

entails a detailed articulation of guidelines
governing Al usage, establishing a framework
that outlines the goals to be achieved, the
associated costs of implementation, and
methods for evaluating the effectiveness of
the Al implementation.

8. Monitoring and Evaluation

8.1. Impact Assessment: Implement
mechanisms for monitoring the impact of

Al on design processes. Regular evaluations
should be conducted to measure the impact
on efficiency, creativity, and overall project
outcomes. The iterative nature of this
assessment process allows architectural
teams to make informed adjustments as
necessary, ensuring that Al continues to
align with evolving project requirements and
contributes positively to the design processes.

9. Innovation Support

9.1. Encourage Innovation: Creating an
environment that actively encourages
innovation involves providing comprehensive
support to architects as they explore novel
applications of Al in their design endeavors.
Emphasizing a mindset that embraces
unconventional thinking and problem-solving
becomes pivotal, encouraging architects

to challenge traditional design paradigms
through the creative integration of Al.
Additionally, this support should extend to
initiatives that specifically target design
process innovation, ensuring architects

have the resources and encouragement to
reimagine workflows and methodologies.
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Vinicius Camargo
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Figures 37-43: Participants
interacting during the
Al Workshops.
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Figures 44-46: Participants
interacting during the
Al Workshops.
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