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Ayman Assem' Abstract: This research presents a novel Al-driven approach for
architectural conceptualization that effectively merges physical and digital
design domains. The effectiveness of the suggested framework was
thoroughly assessed via a design competition that tasked participants with
developing an innovative faculty gate design. The approach consists of a
seven-stage framework: site analysis and documentation, initial
documentation, conceptual development, physical model creation, model
documentation, Al design generation, and Al design enhancement. This
framework creates a seamless integration of practical design
methodologies and sophisticated Al technologies, including stable
diffusion and diverse web Uls. Participating teams exhibited the
framework's versatility by utilizing several design tactics, including
analogical and metaphorical design methods. The abstracted white paper
models served as crucial controllers for Al-generated designs, enabling a
smooth transition from physical ideation to digital reality. The final phase
utilized Al methodologies like inpainting, outpainting, and upscaling to
improve the generated designs. The competition results highlighted the
framework's effectiveness, with participants demonstrating a range of
innovative approaches and successful integration of physical modeling
with Al-enhanced design visualization. This methodology combines
physical modeling with Al-driven design tools, enabling architects to
investigate a wider range of creative options while maintaining a link to
conventional design methods. These results indicate that the seven-stage
Al-integrated design framework could significantly revolutionize
architectural conceptualization.
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1. Introduction

The incorporation of artificial intelligence (Al) into architectural design has transformed the
methods by which architects conceive, create, and showcase their concepts. As Al technologies
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advance, their integration into the design process has become more common, providing novel
options for innovation, efficiency, and creativity[1]. This study presents and assesses an
innovative Al-driven approach to architectural conception that effectively merges physical and
digital design domains, connecting conventional design processes with advanced Al technology.
Recent advancements in Al applications for architecture indicate a transition towards more
advanced generative design tools and decision support systems. Chaillou (2020) illustrates the
capability of Al to generate floor plans and enhance spatial configurations [2], whereas Sari
(2022) investigates the application of machine learning in green architectural design. These
achievements highlight the increasing potential of Al to transform architectural practice, from
initial conceptualization to final design refinement[3].

The proposed methodology effectively addresses the necessity of utilizing Al's potential in
architectural practice[4]. Although AI has been utilized for particular design activities, such
generative design and parametric modeling [5], a holistic framework that incorporates Al across
the whole design process remains absent [6]. This study introduces a framework that
amalgamates physical modeling, parametric design, Al-driven improvements, and a unified
toolchain, using recent progress in explainable Al (XAI) [7] and human-agent interaction [4].
The methodology aims to improve transparency and interpretability in Al-assisted architectural
design processes by integrating these principles. The framework corresponds with the increasing
trend of utilizing Al for the optimization of intricate systems [8], facilitating more efficient
exploration of design spaces, swift iteration on concepts, and intelligent refining of design
components [9]. It utilizes Al to enhance human creativity and decision-making, allowing
architects to address contemporary design difficulties with increased agility and accuracy [10].

The efficacy of the proposed framework is assessed via a design competition, which acts as a
testbed for testing its ability to stimulate innovation, augment creativity, and optimize the design
process. The competition, named "Gateway to Tomorrow," invites contestants to create an
innovative faculty gate utilizing Al technologies. Participants construct a speculative physical
maquette and subsequently utilize Al techniques to convert it into a comprehensive architectural
design.

Recent years have witnessed the emergence of analogous Al-driven architectural design
competitions and workshops, highlighting the increasing interest in incorporating Al into the
design process. These events investigate the capabilities of Al in creating innovative architectural
designs and enhancing building efficiency. This study contributes to the topic on Al's influence
in architectural practice by offering an Al-driven design framework and analyzing its
implementation in the "Gateway to Tomorrow" competition[11]. It provides insights into the
systematic integration of Al into design workflows, potentially transforming the methods by
which architects envision, develop, and present their ideas [4]. The framework seeks to provide
architects with the requisite tools and methodologies to utilize Al proficiently, hence facilitating
the advancement of design and the creation of creative solutions that address the changing
demands of society[12].
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2. Literature Review

2.1. Al in Architectural Design:

The incorporation of Artificial Intelligence in architectural design has experienced notable
advancement, especially in computational design techniques and generative methods. According
to recent research, artificial intelligence applications have changed conventional design
processes and show a clear trend toward machine learning-driven solutions improving technical
optimization as well as creative processes. Beyond simple automation, the application of
artificial intelligence in architecture currently includes complex decision-support systems and
generative frameworks allowing designers to investigate many design opportunities while
preserving creative control[13]. Early-stage design decisions have especially been affected by
this change since artificial intelligence systems can quickly create and assess several design
options, thereby guiding architects to make better informed decisions while maintaining their
creative agency. Despite advancements in Al-driven architecture design, current approaches
frequently lack a comprehensive approach that effectively merges physical modeling with digital
processes across the full design workflow. The deficiency in existing practices restricts Al's
ability to improve conventional design methods while preserving the tactile and intuitive
qualities of physical model-making, underscoring the necessity for a holistic framework that
connects these two domains.

2.2. The Applications of Stable Diffusion and ControlNet in Architectural Design:

The incorporation of artificial intelligence (AI) in architectural design has created new
opportunities for form development and design enhancement. Stable Diffusion, developed by
Rombach et al. (2022)[14], has emerged as a formidable technology for image production and
manipulation among different AI innovations. Its capacity to generate high-quality,
photorealistic representations from abstract notions or rudimentary sketches renders it very
advantageous in architectural visualization and conceptualization[15].

ControlNet, an extension of Stable Diffusion created by Zhang et al. (2023)[16], facilitates
enhanced precision in the generation of images. This technology is particularly pertinent in
architectural design, since it allows designers to preserve specified structural components or
spatial arrangements while investigating diverse aesthetic options. ControlNet models, including
Edge Detection, Depth Map, Normal Map, and Segmentation, fulfill specific functions in the
design process (Fig.1), ranging from conserving structural lines and guaranteeing spatial
coherence to keeping surface details and delineating various areas within an architectural
design.[17]
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2.3. Architectural Competitions in Practice:

Architectural competitions have become essential venues for evaluating novel approaches and
promoting design quality in the constructed environment. These competitions progressively
incorporate digital tools and assessment frameworks, converting conventional evaluation
processes into more methodical and transparent methodologies. Recent studies demonstrate that
contests act as catalysts for innovation, with most winning submissions featuring unique
technology methodologies or design solutions[18]. The amalgamation of multi-criteria decision
models with digital evaluation instruments has markedly improved the objectivity and efficiency
of competition evaluations, especially in smart urban planning scenarios where intricate
characteristics must be concurrently addressed. Research indicates that competition results are
significantly affected by both explicit design criteria and the implicit knowledge of jury
members, with quality assessment becoming more refined through the adoption of dialogue-
based evaluation methods and digital transformation tools. Contemporary architectural
competitions have adapted to incorporate digital workflows, parametric design instruments, and
sophisticated visualization technologies, allowing entrants to investigate intricate design
solutions while upholding stringent evaluation criteria through entropy-based design assessment
models that facilitate the quantification of subjective architectural qualities[19].

3. Methods and tools

This study utilizes a comprehensive methodology that combines conventional architectural
design methods with advanced Al technology to establish an innovative framework for
architectural conceptualization. The proposed approach consists of a seven-stage framework that
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integrates physical and digital design processes to promote innovation and revolutionize the
architectural design field. The innovative Al-driven architectural design methodology is visually
represented in a flowchart (Fig.2), illustrating the seven-stage Al-integrated design framework
which merge the physical and digital design realms.
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Fig.2: The Seven- Stage Al- Integrated Design framework source: created by the author

The following section provides an illustration of the proposed seven stages of the framework,
showcasing its comprehensive approach to integrating traditional architectural methods with
advanced Al technologies.

Stage 1: Site Analysis and Documentation:

The methodology commences with an extensive site analysis and contextual investigation.
This foundational stage guarantees the eventual product responds adequately to its
surroundings and intended purpose, hence establishing the framework for the full design
process

Stage 2: Initial Documentation:

High-resolution photographs of the contemporary environment are essential reference
material. This material establishes a foundation for design creation and facilitates the
seamless integration of Al-generated components into the real-world environment.

Stage 3: Conceptual Development:

The design process moves into creative inquiry incorporating numerous ideation
methodologies. This stage stimulates creative thinking by use of analogical and metaphorical
tools thereby building the intellectual basis for architectural intervention.

Stage 4: Physical Model Creation:

Designers transform conceptual concepts into abstract white physical forms that emphasize
fundamental volumetric and spatial relationships. These models serve as essential
intermediaries between abstract concepts and digital transformation.

Stage 5: Model Documentation:

The physical model is methodically photographed from multiple perspectives, in accordance
with the original site data. These visuals become essential references for the design
development process generated by artificial intelligence.
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e Stage 6: Al Design Generation:
The methodology employs advanced artificial intelligence technologies, particularly Stable
Diffusion and several Web Uls, to transform abstract models into intricate architectural
visualizations. This phase enables the exploration of many design possibilities, materials,
and contextual interactions.

e Stage 7: Al Design Enhancement:
The final phase involves inpainting, outpainting, and upscaling—advanced Al enhancement
techniques. These devices ensure constant and refined end products through precise
modifications and enhancements, hence facilitating iterative advancement.

This methodology facilitates a seamless integration of traditional architectural methods with
artificial intelligence technology, enabling designers to maintain creative control while
leveraging computer power. The framework facilitates the seamless integration of artificial
intelligence-generated components with physical settings, thereby producing designs that are
both innovative and contextually appropriate. Despite the framework's efficacy, some teams
encountered difficulties in seamlessly integrating physical modeling with Al-generated designs,
especially in maintaining the original design intent during the digital transformation process. The
differing levels of AI tool expertise among participants underscored the necessity for
standardized training and guidelines to guarantee consistent implementation of the framework
across various skill sets.

4. Case Study: Design Competition Application

To properly evaluate the suggested seven-stage Al-integrated design framework and its potential
influence on the field, it is crucial to analyze its implementation in a practical setting. A case
study technique facilitates a thorough evaluation of the methodology's efficacy, practicality, and
results in a real-world context. Analyzing the application of the Al-integrated design process in
a competitive context yields useful insights into its strengths, limits, and potential areas for
enhancement. The "Gateway to Tomorrow" design competition exemplifies an optimal case
study for examining the effectiveness of the proposed technique in promoting innovation,
augmenting creativity, and refining the architectural design process. The competition offers a
formal framework for competitors to use the Al-integrated design methodology, facilitating a
rigorous assessment of its efficacy across various projects and design teams. This case study
seeks to validate the methodology's capacity to revolutionize architectural conceptualization and
to discover optimal practices for its effective implementation. Additionally, the case study
method facilitates the acquisition of comprehensive, qualitative data regarding participants'
experiences, obstacles, and achievements in utilizing the Al-integrated design methodology. This
information is essential for comprehending the practical ramifications of the suggested technique
and guiding future modifications and adjustments. The case study enhances comprehension of
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the methodology's influence on design quality, efficiency, and teamwork by analyzing
competition results, jury assessments, and participant feedback.

4.1. Summary of the competition brief:

The "Gateway to Tomorrow" competition aimed to assess the efficacy of the seven-stage Al-
integrated design framework. Participants were assigned the job of creating an innovative faculty
gate by integrating traditional design methods with advanced Al technology. The competition
brief included a systematic template for submissions, with parts for concept development,
physical model creation, site photos, Al-generated final design, Al parameters, and workflow
documentation. This framework closely corresponded with the suggested seven-stage Al-
integrated design approach, facilitating a thorough evaluation of its practical implementation.

4.2. Demographics and background of participants:

The competition drew a varied group of 32 registered teams, consisting of undergraduate
architecture students. Each team had three to four individuals, promoting collaborative design
methodologies. Out of the enrolled teams, 31 submitted final projects for review successfully.
The elevated completion rate of 96.9% indicates robust involvement with the Al-integrated
design challenge. The competing teams exemplified a diverse spectrum of architectural
education, contributing an array of talents and viewpoints to the competition.

5. Implementation of the methodology in the competition context:

Participants were obligated to adhere to a systematic workflow that roughly resembled the seven
phases of the suggested framework. The competition entries were assessed by a panel of six
judges, consisting of both academic personnel and professional architects. This varied jury
guaranteed a thorough evaluation of the initiatives from both theoretical and practical viewpoints.
The evaluation criteria corresponded with the aims of the Al-integrated methodology, examining
elements such as inventiveness, functionality, aesthetic appeal, effective Al integration, and
presentation quality.

Parametric The Gate . :
. The Gate The Gate Main The Des
Gate E> Gate E> Conceptual E> White Paper Model Al Design Enhancenlirrllt
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Fig.3: Applying the seven-stage Al-integrated design framework on Design Competition
(Case study), source: created by the author
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The application of the Seven-Stage Al-Integrated Design Workflow (Fig.3) integrates traditional
architectural design techniques with advanced Al tools to provide innovative gate designs. The
process starts with Gate Determination, selecting existing locations or proposing new ones to
establish a contextual basis. Then, Gate Photography acquires high-resolution site photos for Al
integration. Participants in parametric conceptual design utilize innovative ideation techniques
to generate fresh concepts, which are subsequently refined into a White Paper 3D Abstracted
Model emphasizing volumetric and spatial characteristics. Architectural Model Photography
captures the physical model for impeccable digital integration. The Al Design Enhancement
phase employs technologies such as Stable Diffusion, Fooocus, Automatic 1111, and ComfyUI
to generate detailed architectural representations and examine design alternatives. Ultimately,
refining and finalization employ Al techniques such as inpainting, outpainting, and upscaling to
iteratively enhance the design. This integrated method ensures a seamless integration of physical
and digital elements, hence fostering architectural innovation and solidifying designs in real-
world contexts.

5.1.Stage 1: Site Analysis and Documentation / Gate Determination:

The preliminary phase of the seven-stage Al-integrated design framework encompasses the
essential tasks of gate selection and early photography. The initial stage contextualizes the entire
design intervention, ensuring that the final product is anchored in its intended location.
Participants had the choice to either select a pre-existing gate or suggest a new gate location for
their design proposals. The analysis of competition data indicated a notable trend in gate selection
preferences. Most of the teams, 58% (18 out of 31), decided to utilize an existing gate, while
39% (12 teams) elected to create a new gate. The preference for using existing gate locations
suggests that participants were interested in exploring innovative design possibilities within the
context of the current faculty entrance.

5.2.Stage 2: Initial Documentation / Gate Photography

After selecting the gate, participants took high-resolution pictures of the designated place. The
initial pictures functioned as an essential reference for the subsequent design phases, offering a
visual foundation for the amalgamation of Al-generated elements with the physical surroundings.
The pictures needed to possess adequate quality and clarity to allow precise site research and
ensure smooth integration of the final design. (Fig.4) depicts a representative instance of gate
selection and initial photography from a competitor teams. The graphic presents a proposed new
gate placement, taken in high quality, clearly illustrating the site context and prevailing
conditions. The photograph's composition and clarity reflect the team's painstaking approach and
comprehension of the significance of this initial step.
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3
Fig. 4: Proposed new Gates location and initial photographic examples,
source: created by the author

Likewise, (Fig.5) illustrates some examples of the existing gate selection and photographing
procedure, this time from teams that achieved a high ranking in the competition. The snapshot
offers a detailed depiction of the current site circumstances, encompassing adjacent structures
and landscape features. This comprehensive study of the site context is crucial for ensuring that
the final design adequately addresses its environment.

The gate selection and early shooting phase establishes the foundation for the whole design
process, guiding conceptual development and subsequent Al-driven design generation. By
meticulously choosing and recording the site, participants create a robust contextual foundation
for developing their inventive gate designs. The incorporation of figures from the submitted
works offers concrete illustrations of the gate selection and early photography procedures. These
graphic aids elucidate the significance of this step and demonstrate the varied site circumstances
and contexts considered by the competition entrants. The selection of the gate and the initial
photography phase are essential elements of the seven-stage Al-integrated design framework. It
establishes the foundation for the entire design intervention, ensuring that the final product is
anchored in its intended surroundings and attuned to its context. The competition results illustrate
the participants' comprehension of the significance of this fundamental phase, as seen by the
meticulous selection and reporting of gate placements and site conditions.
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5.3.Stage 3: Conceptual Development / Parametric conceptual design of the gate
Subsequent to gate selection and initial photography, the seven-stage Al-integrated design
framework advances to the essential phases of conceptual development and physical modeling.
These stages encompass a creative investigation of design concepts and their conversion into
concrete, simpler physical models that embody the essence of the architectural idea. In the
conceptual development phase, participants engaged in ideation, producing innovative design
concepts for their selected gate placements. The competition findings revealed a diverse range
of approaches in architectural conceptions. The majority of teams, 58% (18 out of 31), adopted
a form-oriented approach, focusing on the formal and structural aspects of the design. 23% (7
teams) emphasized a meaning in their concepts or uses a symbolic approach, while 16% (5
teams) utilized a metaphorical approach. Only 3% (1 team) chose an analogical method (Fig.6).
This distribution of conceptual strategies indicates a strong preference for form-driven designs,
with a significant portion of teams also prioritizing the symbolic or meaningful aspects of their
gate designs. The variety of approaches suggests that participants explored multiple avenues to
create engaging and innovative entrance experiences, balancing form, meaning, and symbolism
in their architectural concepts.
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Fig.6: Diverse Conceptual Approaches in Architectural Design: (a) Symbolic, (b) Form-oriented, (¢)
Metaphorical, and (d) Analogical, source: created by the author

5.4. Stage 4: Physical Model Creation / The gate white paper abstracted model

After establishing the conceptual approach, participants began constructing physical models with
basic materials such white paper or cardboard. The models, termed "White Paper 3D Abstracted
Models," functioned as simplified representations of the architectural concept, emphasizing
fundamental volumetric and spatial relationships. The abstract character of these models enabled
participants to focus on essential design components without distraction from complex details.
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(Fig.7) illustrates a 3D abstract model from a White Paper developed by some of the participating
teams. The model has a pristine, minimalist aesthetic, including uncomplicated geometric shapes
organized to illustrate the fundamental composition and massing of the proposed gate design.
The application of white paper fosters a sense of cohesion and accentuates the interaction of light
and shadow on the model's surfaces.

Fig.7: Illustration of a 3D Abstracted Model for a White Paper, source: created by the author

(Fig.8) exemplifies another significant instance of conceptual development and physical
modeling. This model exemplifies a sculptural methodology, including fluid, organic shapes that
imply motion and dynamic. The model's abstracted character enables the observer to concentrate
on the overall form and spatial relationships, while simultaneously conveying a distinct sense of
architectural intent.

Fig.8: Volumetric Exploration through White Paper 3D Abstracted Model,
source: created by the author

The physical modeling technique was essential in connecting conceptual concepts with the next
Al-driven design phases. Participants refined their ideas and established a robust foundation for
the Al-generated design elaboration by converting their conceptions into concrete, three-
dimensional shapes. The White Paper 3D Abstracted Models functioned as crucial reference
points, directing the AI algorithms in producing intricate, photorealistic architectural
representations that adhered to the original design intent. Furthermore, the physical modeling
phase prompted participants to engage in critical analysis about the spatial and volumetric
dimensions of their designs, considering elements such as scale, proportion, and the interplay
between solid and void. This practical, iterative technique enhanced comprehension of
architectural principles and facilitated the development of ideas through tactile exploration.
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The conceptual formulation and physical modeling phases of the seven-stage Al-integrated
design framework are crucial for laying a robust basis for the ensuing Al-driven design
procedures. Through a creative investigation of ideas and their translation into simpler physical
models, participants refined their thoughts, ensured spatial and volumetric coherence, and
established clear reference points for the Al algorithms. (Fig.06 and 07) illustrate the varied
conceptual methodologies and the efficacy of physical modeling in encapsulating the core of
architectural concepts, as exemplified in White Paper 3D Abstracted Models.

5.5.Stage 5: Model Documentation / The Gate model photography

The Model Documentation step signifies a crucial transition between physical and digital design,
necessitating thorough photographic documentation of the White Paper 3D Abstracted Model.
Teams obtain high-resolution images from various strategic vantage points that accurately
correspond with the original site documentation views, ensuring consistent camera heights
between 1.6 and 1.8 meters to represent human eye-level perspectives. The documentation
procedure requires regulated lighting, clean neutral backdrops, and appropriate exposure settings
to capture the intricate features of the white models, with images shot at a least of 4K resolution
to guarantee optimal quality for Al processing.

These meticulously recorded pictures are crucial control elements for the ensuing Al-generated
design development process, with 84% of teams employing Canny/Linear models and 23%
adopting Depth mapping to preserve spatial coherence. The systematic documentation method
encompasses principal views from the front, side, and three-quarter angles, as well as meticulous
recordings of certain architectural features and spatial relationships. This extensive photographic
documentation guarantees that the final digital representations preserve the intended architectural
design while allowing for creative augmentation via Al tools, with the quality and accuracy of
these photographs directly impacting the efficacy of the Al generation process.

5.6.Stage 6: Al Design Generation / The gate main Al design generation:

Participants employ several Al tools and platforms, offering an extensive array of features for
Al-enhanced architectural design. These technologies provide user-friendly interfaces,
comprehensive customization possibilities, and strong performance, allowing users to effectively
utilize Al. This project seeks to transform the architectural conceptualization process by
integrating traditional physical modeling approaches with advanced Al technology. The
suggested framework provides architects and designers with a robust toolkit to investigate
innovative design options, optimize the design process, and expand the limits of architectural
creativity. The harmonious fusion of physical and digital domains, along with the creative
potential of Al, creates new opportunities for architectural innovation and facilitates a
transformational future in architectural design (Fig.9).
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Fig.9: The Al Stages of the Workflow from Physical Model to AI-Enhanced Design,
source: created by the author

In the "Gateway to Tomorrow" competition, contestants adhered to a rigorous procedure of
model photography and Al-generated design development. This phase connected the physical
and digital domains, employing Al to enhance and develop design concepts. The procedure
commenced with capturing images of the White Paper 3D Abstracted Models at angles aligned
with the original site shots. This facilitated a smooth transition between the physical environment
and the Al-generated designs.

Participants subsequently employed Al techniques to convert their abstract models into intricate,
lifelike architectural renderings. The competition data reveals a diverse adoption of Al interfaces
for design generation. Most teams, 61%, utilized AI Web Uls as their primary platform for Al-
driven design generation. Online Al Uls were the second most popular choice, used by 29% of
the teams, while 10% opted for Node-Based Web Uls (Fig.10). This distribution demonstrates
the variety of Al tools available to designers and the flexibility of the proposed methodology in
accommodating different technological preferences. The Al-generated design development
encompassed several essential stages, with teams leveraging these different interfaces to execute
their design strategies. The choice of Al interface likely influenced the specific workflows and
techniques employed by each team, contributing to the diversity of outcomes observed in the
competition.

Node-Based Web Uis - 10%

0% 10% 20% 30% 40% 50% 60% 70%

Fig. 10: Distribution of Al Tool Usage among Participating Teams, source: created by the author
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This bar chart visually represents the preferences of participating teams in terms of Al tool

selection, highlighting the predominance of Web-based UI solutions in the competition context.

The chart underscores the importance of accessible and user-friendly Al interfaces in facilitating

the integration of Al technologies into architectural design processes. The Al-generated design

development encompassed several essential stages:

e Initial Image Generation: Stable Diffusion was employed to create preliminary design
variations derived from the captured model.

e ControlNet Application: Diverse ControlNet models, including Canny/Linear (used by 84%
of teams) and Depth map (employed by 23% of teams), were implemented to preserve certain
design features while facilitating creative experimentation.

The Al-generated design elaboration process involved several key steps, which varied among

the teams depending on their chosen Al tools and techniques. (Fig.11, 12 and 13) showcase three

distinct examples of Al workflows applied by the participants, demonstrating the diversity of
approaches in leveraging Al technologies for architectural design. (Fig.11) illustrates the Al
workflow of one of the teams, which primarily utilized the Stable Diffusion model with the

WebUI interface such as Fooocus and Automatic1111. The team's process began with the white

paper 3D abstracted model, which was then photographed and used as an input for the Al model.

Through iterative refinement using inpainting and outpainting techniques, the team gradually

enhanced the design, adding detail and texture to the generated images. The final step involved

upscaling the image to achieve a high-resolution architectural rendering.

=

7 =

Base image. Adding styles:[Fooocus V2, Fooocus  Prompt modifications, adding more  Mix two pictures as prompt images.  Inpaint to add and fix some details.
Enhance, Fooocus Sharp)]. styles.

Initial Gate selection Whitalpapeririodal,

Fig.11: Al Workflow Example - Stable Diffusion with Fooocus WebUI,
source: created by the author

(Fig.12) presents the Al workflow employed by another, which focused on leveraging the
ControlNet extension for Stable Diffusion and using node-based webui such as ComfyUI. The
team began by processing the photograph of their white paper model using edge detection and
depth estimation techniques. These processed images served as conditioning inputs for the
ControlNet model, guiding the Al-generated design to maintain the desired structural and spatial
characteristics. The team then engaged in iterative refinement, using inpainting and outpainting
to enhance specific design elements.
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Fig.12: Al Workflow Example - Team B (ControlNet with node-based Stable Diffusion WebUI),
source: created by the author

(Fig.13) depicts the Al workflow of another team, which adopted a hybrid approach combining
multiple online Al tools. The team started with a photogrammetry-based 3D reconstruction of
their physical model, which they then used as a reference for generating a detailed 3D model in
Rhino. This 3D model served as the basis for creating a series of renderings using Stable
Diffusion, with the team employing techniques such as depth map estimation and normal map
generation to guide the Al output. The final step involved post-processing the generated images
using Photoshop to achieve the desired architectural visualization quality.

(3) convert abstract model into  (4) merge step 3 on photoshop +  (5) upscaling by comfiUi physical model

(1) Removing old gate via Al (2) Defining the edges through
. f%m e realistic model (black & white ) adding %US"‘ES

inpaint + Adding new fence photopea using com

Fig.13: Al Workflow Example - Team C (Hybrid Approach with Photogrammetry, Rhino, and Online
Al platforms), source: created by the author

These examples demonstrate the diverse range of Al workflows and techniques employed by the
participants, highlighting the flexibility and adaptability of the Al-integrated architectural design
methodology. By leveraging different Al tools and approaches, the teams were able to generate
unique and compelling architectural designs that showcase the potential of Al in enhancing
creativity and visualization in the design process.
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5.7.Stage 7: Al Design Enhancement / The design enhancement of the gate

The final stage of the Al-integrated architectural design methodology involves the optimization
and refinement of the Al-generated designs. This crucial phase leverages advanced Al techniques
to enhance the quality, detail, and realism of architectural visualizations, pushing the boundaries
of what is achievable in digital design representation. In the context of the "Gateway to
Tomorrow" competition, participants employed a variety of Al-driven enhancement techniques
to refine their designs. The competition data reveals significant trends in the adoption of these
techniques:

A remarkable 56% of teams utilized inpainting techniques, these methods allow for selective
modification and extension of specific areas within the generated images, enabling participants
to refine details and expand their designs beyond the initial boundaries. Most of participating
teams (80%) reported using Al upscaling techniques. This unanimous adoption underscores the
importance of high-resolution, detailed visualizations in architectural presentations. Al upscaling
algorithms can significantly enhance image quality, revealing intricate textures and fine
architectural details that may not be apparent in lower-resolution renderings. (Fig.14) could
illustrate the progression of a design through these enhancement stages, showcasing the
transformation from an initial Al-generated image to the final, refined architectural visualization.
memedeted [

et} The image generated |' 3 ‘ '
solid cube at the top é ) cube with different iconic

started to get the third

' ‘
wasn't recognized by the ‘ W | I8 color to make it easier for
Ai I3 '~- a Al to recognize it

Start level Final Result

Advanced Level

Finally we started to
apply a soft render mode
by applying specific lora
model
<FormFinder-x|_v2 safete

The image generated as
2D gate not 3D so we
decided to put the
maquette for edges
controlling through
"canny" in the second trial

We started to frame the
Outlines on Photoshep

nsors> using controlnet
& preprocessors to
control the design

Steps 38, CFG 8
FormFinder Lora model

to save the 3rd dimension
of the gate

Stop at

N ZIL

Faoocus V2
| Fooocus Enhance
I Fooocus Sharp

Image Prompt Image Prompt Image Prompt Image Prompt  PyraCanny PyraCanny PyraCanny Loaded image N Depthanything Anime Lineart

Stop at=0.5 Stop at =05 Stop at=0.5 Stopat=03 Stopat=05 Stop at = 0.5 Stop at =0.5 preprocessor preprocessor
weight=10 weight=0.5 weight=1.1 weight=0.5 weight=14 weight=1.2 weight=0.8 Strenght 0.9 Strength 0.7, sketch
controlnet

Fig. 14: Progression of Al-optimized design enhancement,
source: created by the author

The high adoption rates of these enhancement techniques reflect their effectiveness in elevating
the quality of architectural visualizations. However, it's important to note that the successful
application of these tools requires a nuanced understanding of both architectural design
principles and Al capabilities.
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6. Conclusions

The Seven-Stage Al-Integrated Design framework, validated by the "Gateway to Tomorrow"
competition, exhibits considerable potential for revolutionizing architectural design
methodologies. A review of 31 submitted projects demonstrates substantial evidence of the
methodology's efficacy in integrating physical and digital design domains while preserving
creative integrity. The competition findings reveal varied tool adoption trends, with 61% of teams
using Stable Diffusion WebUlIs, 56% applying inpainting techniques, and 80% leveraging Al
upscaling methods.

The "Gateway to Tomorrow" design competition demonstrated the effectiveness of the Seven-
Stage Al-Integrated Design framework in merging physical and digital design realms. This
innovative approach offers several advantages over traditional design methods, as summarized
in (Table 1).

Table 1: Comparative Analysis: Al-Integrated vs. Traditional Design Methods in architectural
Conceptualization, source: created by the author

no. Aspect Al-Integrated Approach Traditional Design Methods
: ) Rapi tion of multipl . .
1 Design Exploration apid genera }on of mutlipte Limited by time and manual effort
options
2 Visualization Quick, high-quality renderings | Time-consuming manual rendering
3 Iteration Speed Fast Al-assisted refinements Slower manual adjustments
4 Phys1ca1—D1g1ta1 Seamless transition Often disconnected processes
Integration
: : ) I ften 1 t 1
5 Efficiency 75-85% efficiency rating Varies, often lower due to manua
processes

This comparison highlights the Al-integrated approach's ability to enhance design exploration,
visualization quality, and iteration speed while maintaining a strong connection between physical
and digital design processes.

The framework encompassed multiple conceptual methodologies, with form-oriented designs
representing 58%, symbolic approaches 23%, metaphorical methods 16%, and analogical
techniques 3%. This variation illustrates the methodology's adaptability in integrating various
creative strategies while maintaining technical viability. The framework's efficacy is notably
apparent in its capacity to expedite design iteration cycles, elevate visualization quality, and
augment design exploration capabilities, all while ensuring the successful integration of physical
and digital approaches.

(Table 2) illustrates a detailed comparison of design evolution across the top nine participating
teams, illustrating the transition from first site images to white paper models and culminating in
final Al-enhanced designs. The table illustrates exceptional efficiency ratings in Al
implementation, with teams attaining scores ranging from 75% to 85% in their utilization of Al
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technologies. The highest-performing team obtained an 85% efficiency rating, while three teams
achieved 82%, two teams reached 80%, and three teams secured 75% efficiency.

Table 2: Comparative Analysis of Preliminary Concepts, White Paper Models, and Final Al-
Enhanced Designs for some of the participating teams, source: created by the author

Initial Photograph White paper Model Al-Design Eglsclfg CZIOf
1 85%
) 82%
3 82%
4 82%
5 80%
6 80%
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7 75%
8 75%
9 75%

The study's technique notably enables swift design exploration and improvement. Participants
successfully generated, refined, and presented intricate architectural concepts within a limited
timeframe, demonstrating the capacity of Al-integrated design to markedly expedite the ideation
and visualization processes. This enhancement in efficiency could significantly impact
architectural practice, allowing designers to investigate a wider array of possibilities and
iterations within standard project timescales.

The framework demonstrates considerable potential; however, limitations, including the
necessity for specialized Al expertise and possible biases in Al-generated designs, must be
addressed in future research, along with investigating its scalability to various architectural
contexts such as urban planning, heritage conservation, and sustainable design.

This methodology demonstrates potential for integration into educational and professional
settings. Future advancements must concentrate on enhancing Al tool integration protocols,
broadening the framework's applicability across various architectural typologies, establishing
standardized evaluation metrics for Al-enhanced design processes, and formulating
comprehensive guidelines for incorporation into architectural curricula. The Seven-Stage Al-
Integrated Design framework signifies a notable progression in architectural design technique,
providing a systematic yet adaptable framework for integrating AI technologies while
maintaining traditional design principles.

Subsequent study ought to concentrate on enhancing this methodology, tackling the issues
associated with Al tool effectiveness, and investigating its applications across many architectural
contexts. The incorporation of this methodology into architectural curriculum and professional
development initiatives could equip future architects to utilize Al technologies proficiently in
their design practices.
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As Al advances, techniques such as those outlined in this study will undoubtedly assume a more
significant role in influencing the future of architectural design. By adopting these technologies
and establishing frameworks for their efficient application, architects can augment their creative
powers, refine design results, and tackle the intricate difficulties of modern built environments
with more agility.
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