27 N3y
?‘;/éiJSREM‘%Q

e-Journal

X International Journal of Scientific Research in Engineering and Management (1IJSREM)

Volume: 08 Issue: 04 | April - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

Application Of CGANs (Conditional Generative Adversarial Networks) In
Architecture

Mayank Pandagre
Guide: Ar. Sarang Bhide

School of Architecture, IPS Academy, Indore

Abstract

This research paper delves into the expansive applications of Conditional Generative Adversarial Networks (cGANS)
within the realm of architecture. Moving beyond traditional design methodologies, it investigates how cGANs can be
employed to generate diverse architectural solutions that are both innovative and contextually responsive. While a
portion of the study does focus on a case study involving generative design based on radiation analysis in Indore city,
the scope of the research is much broader. It encompasses a comprehensive exploration of the potential of cGANSs in
various aspects of architectural design and planning. The paper also includes a demonstration of a generative design
model, showcasing the capabilities of cGANSs in creating optimized design outcomes. The findings underscore the
transformative implications of integrating advanced machine learning techniques in architectural practice, heralding a
new era of design that is adaptive, sustainable, and forward-thinking.
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Introduction

The field of architectural design is continually evolving, with the integration of cutting-edge technologies becoming
increasingly common. Conditional Generative Adversarial Networks (CGANSs), a type of Generative Adversarial
Networks (GANSs), have emerged as a promising technology with the potential to revolutionize architectural design
processes.

CGAN:Ss are artificial intelligence models capable of generating data that aligns with specific conditions. This unique
capability presents a wealth of opportunities in architecture, where designs often need to meet specific criteria.

This research paper explores the potential of CGANSs in the context of architectural design. It provides a thorough
review of existing literature and an in-depth analysis of the current state of research in the field. The study aims to
clarify the architecture and operation of CGANs and highlight their potential applications in architecture.

The paper also presents key insights from case studies and comparative analyses, providing a practical perspective on
the integration of CGANSs in architectural design practice. Despite the existing limitations of GANSs, particularly in
terms of data accuracy and tool usability, the study emphasizes the transformative potential of this technology in
architecture.

This research lays the groundwork for future investigations into the applications of CGANSs in architecture, opening
up new possibilities for innovative design solutions that could reshape the field. As we continue to explore the limits
of architectural design, technologies like CGANs will undoubtedly play a pivotal role in defining the future of the
industry.

Aim

The aim of this study is to delve into the potential of CGANSs, a variant of Generative Adversarial Network (GAN) that
enables the generation of data with specific attributes, in the realm of architecture.

Objectives
The primary objectives of this research paper are as follows:

1. Understand CGANs: To gain a comprehensive understanding of Conditional Generative Adversarial
Networks (CGANS), including their structure, functioning, and unique capabilities.

2. Review Existing Literature: To conduct a thorough review of existing literature on the application of CGANs
across various domains, with a focus on their use in architectural design.

3. Analyse Current Research: To analyse the current state of research in the application of CGANSs in
architecture, identifying gaps and opportunities for further exploration.

4. Case Study Analysis: To conduct detailed case studies on specific applications of CGANSs in architecture,
providing practical insights into their potential benefits and limitations.

5. Future Implications: To discuss the implications of the findings for future research in the field of architecture,
particularly in relation to the integration of CGANSs in architectural design practice.

6. Contribute to Knowledge Base: To contribute to the existing body of knowledge on the application of
advanced technologies like CGANs in architectural design, paving the way for innovative design solutions.

These objectives aim to provide a comprehensive understanding of the potential of CGANSs in architecture and set the
stage for future research in this field.
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Need

The need for the research paper on “Application Of CGANs (Conditional Generative Adversarial Networks) In
Architecture” arises from several factors:

1. Technological Advancement: With the rapid advancement in technology, it’s crucial to explore how these
developments can be applied in various fields, including architecture. CGANSs represent a significant breakthrough in
artificial intelligence and understanding their application in architecture could lead to innovative design solutions.

2. Efficiency in Design Process: The use of CGANs could potentially streamline the architectural design
process, making it more efficient. By generating designs that meet specific conditions, architects can save time and
resources.

3. Gap in Existing Research: While there has been considerable research on the application of GANSs in various
fields, there is a lack of comprehensive studies exploring their use in architecture. This research paper aims to fill that
gap.

4, Future Implications: Understanding the potential of CGANs in architecture could have significant

implications for the future of the field. It could pave the way for new design methodologies and transform the way
architects work.

5. Contribution to Knowledge: This research paper contributes to the existing body of knowledge by providing
a comprehensive understanding of the potential of CGANSs in architecture. It sets the stage for future research in this
area.

Scope

The research is primarily focused on investigating the potential of Conditional Generative Adversarial Networks
(CGANSs) in the realm of architecture, particularly in the creation of architectural designs. It will scrutinize the existing
applications of CGANSs in architecture and aim to create a CGAN model specifically for generating architectural
designs.

However, the research will not extend to other types of Generative Adversarial Networks (GANSs) or their applications
in different fields. This implies that while the research will focus on the specific application of CGANSs in architecture,
it will not investigate the potential use of other types of GANSs in this field or the application of CGANSs in other
domains.

Limitations

1. The quality of the generated designs heavily depends on the quality and diversity of the training data.
2. The complexity of architectural designs may require a significant amount of computational resources.
3. The generated designs may lack practicality and feasibility in real-world scenarios.

The generated designs may lack practicality and feasibility in real-world scenarios.

The approach of the study encompasses a comprehensive review of prior research and articles on the application of
CGANSs across various domains. It also scrutinizes the current research landscape in the application of CGANSs in
architecture. The study further demystifies the structure of CGANS, elucidating their functioning and their potential
applications in architecture.

© 2024, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM29561 | Page 3



http://www.ijsrem.com/

27 N3y
?‘;/éiJSREM‘%Q

e-Journal

International Journal of Scientific Research in Engineering and Management (1IJSREM)
a Volume: 08 Issue: 04 | April - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

The key discoveries of the study include:

1. GANSs have found applications in several aspects of architectural design practice, ranging from the generation,
development, and evaluation of designs to the expression of final solutions.

2. GANSs can be utilized at different scales in architecture, from complex functional buildings to detailed layout
designs of residential units.

3. The advent of GANSs allows designers to swiftly present design outcomes at various stages, significantly
enhancing work efficiency.

4. However, GANs currently have several limitations, primarily in terms of data accuracy and tool usability.

1. What is Conditional Generative Adversarial Networks (CGANS)

Conditional Generative Adversarial Networks (CGANs) have become popular recently in the field of artificial
intelligence for their excellent results in image generation. This new method in the machine learning field has also
attracted the attention of many researchers in the architecture domain. Generative design is a design method in which
the output - such as architectural form, textures, colors, sounds, light, and shadow - is generated by a set of rules or an
algorithm system. However, the one main problem in generative design is that a designer has to manually set up the
design parameters in order to generate an output. For architectural design, one of the most common applications of
generative design is using a technique called 'design optioneering'. That means a designer can generate a lot of different
design scenarios at the early stage of the design and then those generated outputs can be used to evaluate how well
each design could fit the location and the environmental settings. However, to get the result of design optioneering, it
usually requires long waiting computational time. The parallel processing and high efficiency in the testing process of
CGAN:Ss allow thousands of design options to be tested simultaneously. CGANs make generative design even more
interactive and can provide real-time feedback during the designing process. It is believed that the automation and
intelligence of CGANSs in architectural design can potentially make use of computer's ability in design production,
rational and innovative thinking throughout the whole design process. By setting the different parameters of the
networks in the generative design process, architects can explore a wide variety of different design outputs in a fast
time. My research will first encourage the development and the use of generative design, which allows both the
architects and the clients to explore and investigate different design options. And also, | will analyze how well the
CGAN:Ss can integrate into the design practice and how the technology may potentially influence the way of architects
thinking.

Conditional Generative Adversarial Networks (CGANS) are a variant of Generative Adversarial Networks (GANSs)
that generate data based on specific conditions.

GANSs are deep learning models used to create random, plausible examples that meet our requirements. They are
composed of two key parts: a Generator Network and a Discriminator Network. The Generator Network creates new
data, while the Discriminator Network differentiates between real and fake data.

In a CGAN, the data generation is conditional on certain input information, which could be labels, class information,
or any other relevant features. This conditioning allows for more controlled and targeted data generation.

The structure of CGANs involves providing additional information (denoted as y) to both the generator and
discriminator. In the generator, the prior input noise (z) and y are merged in a joint hidden representation.

1.2 Training Process
Indeed, the training process for Conditional Generative Adversarial Networks (CGANS) involves a cycle of training

the generator and discriminator networks. The generator network takes in a batch of random noise vectors and
corresponding input information, and it generates a batch of floor plan designs based on this input. The discriminator
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network then receives both real floor plan designs and the generated designs (along with their corresponding input
information), and outputs probabilities indicating whether it believes each design to be real or generated.

In Conditional Generative Adversarial Networks (CGANS), the loss function is split into two components: one for the
generator and one for the discriminator.

. Discriminator Loss: The discriminator’s job is to distinguish between real and fake data. It penalizes itself
for incorrectly classifying a real instance as fake or a fake instance (produced by the generator) as real. The
discriminator loss function is expressed as log(D(x)) + log(1-D(G(z))), where D(X) is the probability that the real image
is correctly classified by the discriminator, and D(G(z)) is the probability that the fake image produced by the generator
is correctly labelled.

. Generator Loss: The generator’s role is to sample random noise and generate an output from it. This output
is then classified by the discriminator as either “Real”, or “Fake” based on the discriminator’s ability to differentiate.
The generator’s loss is then calculated from the discriminator’s classification — it is rewarded if it successfully deceives
the discriminator and penalized otherwise. The generator loss function is expressed as log(1-D(G(z))), where D(G(z2))
is the probability of the discriminator classifying the generated image as real.

In CGANS, both the generator and discriminator are conditioned on additional information like labels. This allows the
model to generate data of a specific class.

In the context of architectural design and museum design, this process can be incredibly useful. For instance, the
generator network could be trained to generate floor plans that meet specific
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2 Application

CGANSs have been proposed as a method for designing floor plans for various types of buildings, including museum
exhibition halls. A CGAN-based method has been developed that can automatically generate a variety of floor plan
designs for museum exhibition halls in different schemes, providing designers with more choices and flexibility. This
method can also carry out design optimization through human-computer interaction, allowing for iterative
improvement according to user needs and feedback. By using CGANSs to generate optimized floor plan designs for
museum exhibition halls, architects can create spaces that are more conducive to user experience and interaction. For
example, the floor plans generated by CGANs may be designed to improve the flow of visitors through the museum,
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making it easier for them to navigate and interact with the exhibits. The floor plans may also be designed to enhance
the visual appeal of the museum, creating a more engaging and immersive experience for visitors. The technology to
generate floor plans and capture data using Conditional Generative Adversarial Networks (CGANS) typically involves
a combination of specific hardware and software tools. Here is a more detailed look: Software: GAN Architecture:
Generative Adversarial Networks (GANS) are a type of machine learning system that are known for their ability to
generate Al. They were first introduced by lan Goodfellow and his team in June 2014. GANs consist of two neural
networks that compete with each other in a game where one’s gain is the other’s loss. Given a training set, this technique
learns to generate new data that has the same statistics as the training set. GANs are designed to automatically train a
generative model by treating the unsupervised problem as supervised and using both a generative and a discriminative
model. They offer a way to perform sophisticated domain-specific data augmentation and solve problems that require
a generative solution, such as image-to-image translation. The key concept of a GAN is based on the “indirect” training
through the discriminator, another neural network that can determine how “realistic” the input appears, which itself is
also being updated dynamically. This means that the generator is not trained to minimize the distance to a specific
image, but rather to deceive the discriminator. This allows the model to learn in an unsupervised manner. GANSs can
be compared to mimicry in evolutionary biology, with an evolutionary arms race between both networks. They are an
exciting and rapidly evolving field, delivering on the promise of generative models in their ability to generate realistic
examples across a range of problem domains.

2.1 Data Collection Software:

Pix2PixHD: Pix2PixHD is a specific type of Generative Adversarial Network (GAN) that has been employed for the
recognition and generation of floor plans. It is an advanced version of the original Pix2Pix model, which was developed
for image-to-image translation tasks.

In the scenario of generating floor plans, Pix2PixHD can be trained on pairs of images, where one image is the input
(such as a basic sketch of a floor plan), and the other image is the expected output (like a detailed floor plan). The
model learns to convert the input image into the output image, effectively learning to create detailed floor plans from
basic sketches.

Additionally, Pix2PixHD can be utilized for floor plan recognition. In this case, the model is trained on pairs of images,
where one image is a detailed floor plan, and the other image is a simplified or abstracted version of the floor plan.
The model learns to identify the structure and layout of the floor plan from the detailed image, and to replicate this
structure and layout in the simplified or abstracted image.

REDCap (Research Electronic Data Capture): REDCap (Research Electronic Data Capture) is a secure web
application specifically designed for the creation and management of online surveys and databases. It is particularly
beneficial for research studies.

Developed by a consortium initiated at Vanderbilt University, REDCap is tailored to support both online and offline
data capture for research studies and operations.

The system offers an easy-to-use interface for validated data entry, audit trails for tracking data manipulation and
export procedures, automated export procedures for seamless data downloads to common statistical packages, and
procedures for data integration and interoperability with external sources.

REDCap is designed to be compliant with HIPAA regulations. However, it is important to note that it is not 21 CFR
Part 11 compliant. For non-profit organizations who join the REDCap Consortium, the use of REDCap is free.
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REDCap is a valuable tool for data collection in research, providing a secure and efficient platform for building and
managing online surveys and databases.

Dacima Survey: Decima Survey, a component of the Dacima Clinical Suite, is a highly advanced web survey software.
It enables the creation of online surveys, forms, polls, quizzes, and questionnaires that can be filled out anonymously,
with a token, via email or SMS, using a tablet or a smartphone.

The software offers a variety of features to enhance the survey creation and data collection process. These include
customizable invitation emails/SMS, configurable reminder emails/SMS, customizable welcome, EULA, login,
completion, timeout pages, the ability to create conditional dependencies, eligibility/inclusion checks, the ability to
create multiple forms, the ability to add dynamic form logic, different data extraction options, and built-in reports.

Dacima Survey is the only web survey software that complies with FDA 21 CRF Part 11, Good Clinical Practices
(GCP), and has a complete audit trail, making it the best choice for medical, health-related research surveys, and post-
marketing drug surveys.

Medidata Rave EDC: Medidata Rave EDC (Electronic Data Capture) is a comprehensive and robust system designed
for the capture, management, and reporting of clinical research data. It is utilized in Phase I-1V studies and simplifies
the clinical trial process.

Rave EDC is a key component of the Medidata Platform — a unified platform for clinical research that connects
processes, eliminates the need for data reconciliation, and provides cross-functional and cross-study data insights. It
offers numerous benefits to sponsors, CROs, and sites including accelerated study start and DB lock, flexibility for
mid-study changes, improved site experience and performance, and real-time insights through the Medidata Clinical
Cloud.

Rave EDC’s key features include centralized administration, real-time data validation, streamlined data review and
guerying, and reporting and analytics. It also provides a user-friendly interface for sites to enter data, efficient query
management, and ease of data extraction.

, Rave EDC offers quick implementation and maximum control to support clinical trials. It enables clinical research
teams to capture, cleanse, and manage study data, ensuring efficient trial execution across every phase of the clinical
trial life cycle.

Kofax Mobile Capture: Kofax Mobile Capture is a platform that converts a smartphone or tablet into an advanced
scanning device. It leverages patented image processing and on-device optical character recognition (OCR)
technologies to automatically capture, extract, and validate content from paper documents, eliminating the need for
manual data entry and providing a seamless experience for users.

The platform supports multiple customer engagement points and delivers more services via the customers’ preferred
channel. It also enables right-channelling capabilities with comprehensive analytics to optimize the customer
experience and resolves issues at any stage of the process with single-platform control.

Kofax Mobile Capture enhances customer self-service by integrating powerful data extraction and interactive
validation software into mobile apps. It provides customers with real-time data and communication, increases customer
satisfaction with transactional communication, and supports multiple points of real-time engagement.
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The platform also offers actionable insights into mobile capture performance. It identifies performance spikes, drop-
offs, bottlenecks, document costs, and other metrics via real-time dashboards, enabling quick improvements.

Kofax Mobile Capture is a comprehensive mobile capture platform that transforms mobile devices into advanced
information-capture devices, ensuring optimal image quality. It effectively addresses challenges related to lighting,
blur, background, and document size.

Medrio: Medrio is a platform that offers a suite of electronic data capture and e-clinical tools for clinical trials. It
provides solutions for a variety of trial types, including decentralized clinical trials (DCT), direct data capture (DDC),
electronic data capture (EDC), electronic consent, randomization, and trial supply management (RTSM), and electronic
patient reported outcomes (ePRO), among others.

Key features of Medrio include:

o Medrio CDMS/EDC: This is more than just an electronic data collection (EDC) tool. Medrio’s clinical data
management system (CDMS) combines an intuitive user interface, seamless on and offline data capture capabilities,
and comprehensive data management in a single solution.

. Medrio eCOA/ePRO: This feature, with its user-friendly interface and flexible data capture options,
empowers participants, clinicians, and observers to report outcomes conveniently and accurately, enhancing data
guality and study efficiency.

. Medrio eConsent: This feature ensures compliance, increases comprehension, and empowers efficient study
management. Robust features like multi-signer support and paper consent uploads enable participants to consent from
anywhere — remotely or onsite.

Medrio’s solutions are designed for ease of use, and are scalable and connected through one unified platform, providing
real-time access and control of your trial data. With almost two decades leading the industry, Medrio understands your
unique challenges and can meet you wherever you are on your journey — guiding you toward success at an accelerated
pace.

Bioclinica EDC: Bioclinica Express EDC is a robust electronic data capture (EDC) solution that enhances every stage
of the clinical trial process. It leverages the latest web technologies to monitor protocol compliance and expedite study
closure, thereby improving the speed and quality of clinical trials.

Express EDC is recognized for its rapidity and quality, which are essential in the dynamic environment of clinical
trials. It employs innovative web technologies to oversee protocol compliance and accelerate study closure,
contributing to the speed and quality of every part of the clinical trial process.

Express EDCplus, an extension of Express EDC, is a comprehensive EDC “technology transfer” program. It assists
organizations in exerting greater control over the development and implementation timelines of the technology used
to support their clinical trials.

Bioclinica Express EDC is a powerful tool that streamlines the clinical trial process, ensuring protocol compliance,
accelerating study closure, and enhancing the overall quality of clinical trials.

AnyDoc: AnyDoc is a product of Hyland, is a powerful software solution that automates the extraction of data from
incoming documents, thereby enhancing key workflows. Here is a breakdown of its key features:
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. Capture of Precise Information: AnyDoc employs Optical Character Recognition (OCR) to extract data from
a wide range of documents, including machine-generated data, handwritten content, and barcodes.

. Reduced Business Process Cycle Duration: The software is capable of automatically extracting and
validating data swiftly. It uses custom business rules for verification procedures, ensuring accuracy with minimal
human intervention.

. Quick Data Integration into Workflow: AnyDoc can efficiently and seamlessly transfer data into various
systems such as content management systems, ERPs, accounting applications, or BPM systems.
. Enhanced Data Accuracy: The software guarantees the precision of the captured information through image

enhancement technology, data recognition engines, and the consistent application of your business rules.

AnyDoc can be used in conjunction with OnBase or any other third-party content repository. The software was initially
developed by AnyDoc Software, a company established in 1989, and was later acquired by Hyland Software in 2013.

Oracle InForm: Oracle InForm is a robust application by Oracle Health Sciences that streamlines the process of data
capture and study management in clinical research. Here is an overview of its functionalities:

. Data Collection: Oracle InForm employs a secure web browser for the collection of data from clinical studies,
encompassing a broad spectrum of data sources for a holistic view of the study.

. Clinical Study Oversight: The application is engineered to oversee the entire clinical study process, from
subject screening and enrolment to visit tracking, query resolution, and data evaluation.

. Data Viewer: An integral part of the InForm application is the Data Viewer, offering a real-time snapshot of
data across various Vvisits and sites.

. Interoperability: Oracle InForm can be seamlessly integrated with other products from Oracle Health

Sciences, facilitating a smooth workflow for users.

Oracle InForm is a product of Oracle Health Sciences, a branch of Oracle specializing in software solutions for the
health sciences sector. The most recent version of Oracle InForm available is 7.0.

Each of these tools has its own unique features and capabilities, and they are all designed to streamline data collection
and management in various fields, particularly in research and clinical trials. They help in improving the efficiency,
accuracy, and speed of data collection, thereby enhancing the overall quality of the research or study.

Hardware: The hardware requirements can vary significantly based on the project’s scale and needs. A high-
performance computer equipped with a robust GPU is needed to train the GAN models. For data collection, different
tools can be used depending on the type of data being collected.
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4, Demonstration

4.1 Data Collection and Preprocessing
The first step in our methodology involved collecting EPW data, which provides detailed hourly information about
various weather parameters. This data was then preprocessed to be used as input for the CGAN model.

4.2 Conditional Generative Adversarial Networks (CGANS)

CGANSs are a type of Generative Adversarial Network (GAN) that includes additional conditional variables that
influence the data generation process. In our case, the CGAN model was trained to generate facade designs based on
the input EPW data.
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4.3 Facade Design Generation

The trained CGAN model was used to generate a variety of facade designs. Each design was created with consideration
to the specific weather conditions provided by the EPW data, ensuring that the designs were optimized for their
intended environmental conditions.

4.4 Radiation Analysis

The generated facade designs were then analyzed using Grasshopper, a graphical algorithm editor tightly integrated
with Rhino’s 3-D modeling tools. Specifically, we conducted a radiation analysis to evaluate the performance of each
design.

4.5 Results
Our results indicate that the use of CGANSs for facade design can lead to more environmentally responsive and efficient
buildings. The radiation analysis conducted on Grasshopper further validated the performance of the generated designs.

4.6 Data Used
EPW weather data of indore city (source : http://weather.whiteboxtechnologies.com/ISHRAE)
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5. Conclusion

The research presented in this paper underscores the transformative potential of Conditional Generative Adversarial
Networks (cGANSs) in the field of architecture. The exploration of cGANs’ applications, ranging from generative
design based on radiation analysis to various other aspects of architectural design and planning, has revealed their
capacity to generate diverse, innovative, and contextually responsive architectural solutions. The demonstration of a
generative design model further exemplifies the capabilities of cGANSs in creating optimized design outcomes. This
research concludes that the integration of such advanced machine learning techniques can significantly enhance
architectural practice, paving the way for a new era of adaptive, sustainable, and forward-thinking design. Future work
could further investigate the potential of cGANs in specific architectural applications, contributing to the ongoing
evolution of architectural desigh methodologies.
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