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Abstract: This study discusses the application of AI technology in the design of traditional Chinese-
style architecture, aiming to enhance AI’s matching accuracy and sustainability. Currently, there are
limitations in AI technology in generating details of traditional Chinese-style architecture, so this
study proposes a method of fine-tuning AI pre-training models, by extracting samples of traditional
architectural style elements, to enhance the trajectory and output accuracy of AI generation. The
research method includes constructing AI pre-training models, using DreamBooth and ControlNet
tools for personalized training and perspective control. Through experimental verification, this study
found that pre-trained models can effectively enhance the accuracy and controllability of AI in the
preliminary design of architecture. At the same time, the application of ControlNet technology has
significantly improved the accuracy and realism of architectural rendering. The value of this study
lies in proposing a new method that combines AI technology with the process of traditional Chinese
architectural design, which can help architects better protect and inherit the culture of traditional
Chinese architecture. Through this method, it can reduce the difficulty of learning traditional Chinese
architectural design, optimize the design process, enhance design efficiency, and provide strong
support for the sustainable development of traditional Chinese architecture.

Keywords: architectural representation; architectural design; artificial intelligence; DreamBooth;
Stable Diffusion

1. Introduction
1.1. Existing Problems

Traditional architecture is one of the core elements of Chinese historical and cultural
heritage, with significant historical and cultural value. However, the complex wooden
structures of Chinese traditional buildings pose a huge challenge for the average architect,
who often requires years of accumulated experience and practice to design buildings with
appropriate proportions and detailed perfection in traditional Chinese style. In China’s
architectural design industry, the design of traditional style buildings is separate from
modern architectural design. Although this separation allows dedicated traditional-style
architects to undergo continuous training and rapid growth, it also makes it difficult for
technological advancements in the field of modern architectural design to be directly
applied to the design process of traditional Chinese-style buildings. In the preliminary
design phase, Chinese architects would provide clients with at least three design proposals,
mainly including 2D floor plans and 3D architectural renderings. The designs must often
go through numerous revisions during multiple discussions with clients and government
regulatory departments, costing architects time and pointless works. The main reason for
this efficiency is the insufficient communication and discussion during the preliminary
design phase. Architects often have to revise or even redo designs whenever new ideas are
proposed by the client and officials in the later stages.
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Therefore, finding a way to integrate traditional Chinese architectural elements into the
modern architectural design process has become a significant challenge that contemporary
Chinese architects must face.

Currently, as a creative auxiliary tool, AI generative technology has made significant
progress in the field of modern architectural design. However, many traditional Chinese
architectural images primarily exist in the form of paintings on the internet. Therefore,
AI training based on these online image resources tends to present traditional Chinese
architecture in a painted style, as shown in Figure 1, which illustrates this problem in both
Midjourney and DALL-E 3. However, the paintings displayed in Figure 1 are significantly
different in form and structure compared to real buildings. Thus, even if AI can generate
images of traditional Chinese architecture by learning from painted images, these images
have limited applicability in actual architectural design. This results in a problem: the
application of AI technology in designing traditional Chinese architectural styles has not
yet been practical. Additionally, research on the use of AI in traditional Chinese architecture
primarily focuses on related AI technologies like BIM (Building Information Modeling),
with relatively few studies involving recent Diffusion Models.
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Figure 1. Huizhou architecture generated by other AI tools.

Considering the aforementioned factors, the current application of AI technology
in the design process of traditional Chinese architecture faces numerous limitations and
challenges, rendering it incapable of addressing the existing issues within the traditional
architectural design process. Overall, the main challenges of applying AI technology in
traditional Chinese style architectural design are first, ordinary large AI models lack a deep
understanding of traditional Chinese architectural styles, and second, these AI models are
weak in generating details of traditional Chinese-style architecture.

1.2. The Sustainability of This Technological Approach

This study demonstrates the potential of AI in preserving and promoting traditional
architectural culture. By accurately capturing and reproducing the unique characteristics of
Chinese traditional architecture, AI empowers architects to seamlessly integrate traditional
elements into contemporary designs. This not only simplifies the learning process, but
also facilitates the widespread application of traditional architectural styles, allowing
traditional culture to transcend time and space. Moreover, this integration of AI and
traditional architecture promotes sustainable development by ensuring that traditional
architectural forms can adapt to modern needs, fostering a harmonious coexistence of
culture and technology.
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It proposes a novel AI framework to enhance the design process of traditional architec-
ture. By leveraging a dataset of traditional architectural elements and a denoising diffusion
model, the AI can generate visually accurate and structurally sound design schemes. This
approach not only streamlines the design process, but also promotes sustainable practices
by preserving the unique characteristics of traditional architecture while incorporating
modern design principles.

1.3. Materials and Methods

The relationship between AI-assisted design and construction design can be viewed as
an iterative optimization process. AI-generated initial design schemes provide a foundation
for subsequent construction design, while feedback from the construction design process
can, in turn, optimize the AI’s initial design. This cyclical process enables close integration
of design and construction, achieving more efficient and accurate design goals. Additionally,
artificial intelligence technology also plays a significant role in the construction phase.
Taking the BRAILS (Building Recognition and Intelligence for Large-Scale Structures)
system developed by the US National Science Foundation as an example, this system
can assess the vulnerability of urban buildings to natural disasters such as earthquakes,
hurricanes, or tsunamis, providing data support for seismic retrofitting and resilience
enhancement of buildings.

The method proposed in this research primarily targets the early stages of the architec-
tural design process (Figure 2). Throughout the entire design process, this method aims to
address the existing issues in Section 1 related to AI, including the inadequate reflection
of traditional architecture and others. By harnessing AI, it outputs visual architectural
schemes containing traditional architectural elements, even while reducing the precision of
the modeling in traditional architectural design. This approach will lessen the workload in
traditional architectural design projects and alleviate the burden on designers.
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1.4. The Significance of the Research

During the rapid urbanization process in China over the past thirty years, many ancient
buildings have been damaged, and numerous cities have been filled with international style
buildings. This phenomenon has not only led to the loss of historical and cultural heritage,
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but has also severely impacted the uniqueness and cultural depth of cities. Against this
backdrop, the development of pseudo-classic buildings has accelerated. Pseudo-classic
buildings reflect the essence of traditional Chinese culture, enhancing cultural identity
and pride among people, while also playing a significant role in tourism by attracting a
large number of visitors and bringing substantial economic benefits to local areas. The
government has strongly supported the construction of pseudo-classic buildings at the
policy level, encouraging social forces to participate in the protection and utilization of
such buildings through various financial support and incentive measures. Moreover,
pseudo-classic buildings provide a relaxing environment for people in modern urban
life, helping them escape the pressures of daily life through their unique aesthetics and
cultural atmosphere. In the context of China’s rapid urbanization, the imitation of ancient
architecture not only serves as a means of preserving and inheriting historical culture but
also responds to the psychological needs of modern people.

By utilizing artificial intelligence (AI) to assist in the design of ancient-style buildings,
the phenomenon of “thousand cities with the same appearance” can be effectively avoided.
Particularly, through the integration of regional characteristics of Chinese ancient architec-
ture, buildings with unique cultural and historical value can be created. AI can analyze
large volumes of historical architectural data, extract unique architectural elements and
styles from different regions, and ensure that each project reflects distinct local features.
It also aids in selecting and optimizing the use of local building materials and traditional
craftsmanship. By generating multiple design variants, AI provides more options, helping
designers explore different design possibilities while ensuring the accurate incorporation
of cultural elements into new designs.

2. Literature Review
2.1. Cultural Significance of Traditional Chinese Architecture

Traditional Chinese architecture is unique and has a long history, dating back to the
Zhou Dynasty, which was 2500 years ago [1]. Compared to modern architecture, traditional
Chinese architecture emphasizes a harmonious coexistence with the natural environment.
Simultaneously, there exists a tense competitive relationship between traditional archi-
tecture and modern architecture [2]. Traditional Chinese architecture embodies a wealth
of cultural values, and in the context of China’s rapid social transformation, protecting
traditional Chinese architecture is extremely important for the inheritance of Chinese cul-
tural values [3]. Over the past two decades, China’s rapid urbanization has given rise to a
large number of buildings with low cultural value and high energy consumption, making
“a thousand cities all look alike” in contemporary society [4,5]. The group of traditional
Chinese buildings reflects a long history of evolution. Its form, style, and regional culture
are closely related, making it an important window for studying Chinese culture [6]. Fur-
thermore, many traditional Chinese architectural elements and decorations have formed
typical Chinese cultural symbols and traditional philosophical thoughts [7].

Traditional Chinese architecture centers on the core values of symmetry and balance.
By arranging major architectural elements symmetrically around a central axis, it creates
a harmonious overall structure. This symmetrical layout reflects the aesthetic concept of
balance and coordination pursued in ancient Chinese architecture. The design incorporates
the philosophy of the Five Elements (Wu Xing), striving for balance and harmony through the
selection and use of materials, colors, and forms that complement or counteract each other. Feng
Shui plays a crucial role in traditional architecture, emphasizing the importance of choosing
suitable geographic locations, orientations, and environmental layouts to achieve favorable
Feng Shui and auspicious energy flow, thereby bringing prosperity and good fortune [8].

Additionally, carvings, patterns, and decorations in architectural elements often em-
body mythological stories and symbolic meanings, representing wishes for good fortune,
wealth, and protection, thus infusing the buildings with unique cultural significance. The
use of wooden structures and dougong (interlocking wooden brackets) is a distinctive
feature of Chinese architecture. Through the ingenious mortise and tenon technique, these
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structures are made solid and stable, showcasing the exquisite craftsmanship of ancient
Chinese woodworking. Traditional buildings frequently use local materials such as wood,
brick, earth, and glazed tiles, which play significant roles in both structure and decoration
while highlighting the unique charm of regional culture.

In traditional Chinese architecture, gardens and buildings often merge to form a har-
monious coexistence with the natural environment. Elements such as artificial hills, ponds,
pavilions, and plants in the gardens serve as important complements to the architecture,
creating a poetic and pleasant living environment. Traditional Chinese architecture, with
its unique design concepts, architectural forms, and cultural connotations, displays a rich
historical and cultural heritage, reflecting the wisdom and traditional values of the Chinese
people [9,10].

2.2. Application of AI in Architectural Design

Starting from Disco Diffusion in February 2022 [11], with the widespread application of
the Diffusion Model [12], AI technology has brought revolutionary changes to architectural de-
sign, providing architects with greater creative space. Based on this technology, AI-generated
architectural images can not only resonate with the original design, but also provide new
perspectives for architectural design [13]. By constructing a dataset specific to indoor deco-
ration styles and leveraging the robust Diffusion Model as a foundation [14], it enables the
efficient generation of interior decoration designs that cater to specific styles and functions.
Insights drawn from studies on certain generative AI optimization techniques underscore
the significance of enhancing the accuracy of AI-generated designs [15]. AI design tools with
enhanced precision can better assist architects in improving design quality and efficiency [16].
Li, Chengyuan et al. discussed the trend in applying generative AI technology in architectural
design, particularly the rapid development of deep generative models [17]. Furthermore, a
series of AI platforms based on the diffusion model, led by MidJourney, have been extensively
incorporated into the architectural design process. This type of AI technology is also referred
to as one of the representatives of the Fourth Industrial Revolution [18,19].

With respect to the effects of other studies that utilize the Diffusion Model to optimize
interior design [14], it can be concluded that similar methods have received ample empirical
validation in interior design, and Midjourney, based on the principle of the Diffusion Model,
has been proven able to generate architectural and site images close to their original forms
in the context of Islamic architectural heritage [20].

And text-to-image [21] technology can directly generate architectural renderings
through textual descriptions of architectural details and image style parameters; while
the Image-To-Image technology is based on providing drawings with an architectural
perspective to AI, combined with textual descriptions, to produce the final architectural
rendering. Chen, J et al. [16] indicate that the use and selection of guiding words not only
influence the direction and style of the generated architectural design, but also have a
decisive impact on the final design outcome.

Gan, R et al. proposed a novel text-to-image model, iDesigner, for the field of interior
design, and the quality of the generated images is enhanced by strategically applying
prompt engineering and large language models (LLMs) [22]. Moreover, by using tech-
nologies such as image processing, 3D CAD-2024 design, and additive manufacturing, the
images recommended by AI can be transformed into tangible, manufacturable projects [23].
Similarly, AI is used in the preliminary sketch design of high-rise buildings, generating
sketches based on user’s geometric-shape preferences and building-integration preferences,
while preserving creativity and diversity [24]. This preliminary design sketch can also be
colored and blended by a novel Y-shaped Generative Adversarial Network (GAN) applied
to the given architectural sketch. This new type of Y-shaped GAN, through embedding
an attention mechanism model, colors the sketch while maintaining a state of triangular
balance [25,26].

AI technology not only includes design optimization and architectural performance
prediction, but also has rendering capabilities comparable to those of professional software.
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The application of AI in design tasks can not only assist designers, but also improve the
entire design process [27]. Even when design requirements are not yet clear, AI is capable
of overcoming challenges within a defined space [28]. Meanwhile, not only in the realm
of 3D design, but also during the 2D design phase, AI can play a role. There are currently
several platforms available online, such as Finch, Mnml AI, and Maket.

The construction details of traditional architecture will indeed have an impact on
AI, and the study of traditional architecture will also affect how AI interprets other build-
ings [29]. Based on the outstanding rendering and creative capabilities of AI, the architect
Kaveh Najafian used the AI program Midjourney, with iconic architecture as the theme, to
explore the possibilities of designing that architecture in other architectural styles. They
challenge the inherent impression of traditional architectural singular forms, showing the
dynamic, changeable, and innovative potential of architecture [30]. Architect Rolando
Cedeño de la Cruz also utilized AI to reimagine the ziggurat of Mesopotamia, blending
elements of ancient and modern, such that the new ziggurat design retains the mystery and
solemnity of ancient architecture while infusing the briskness and brightness of modern
art, displaying a unique aesthetic of the combination of the past and present [31].

In terms of interior design, Chen, J. et al. aslo optimize interior design effects using
architectural model fine-tuning [32]. They proposed a new improved aesthetic diffu-
sion model for generating aesthetically pleasing interior designs in batches. This model
combines diffusion models with a semantically diffusion-guided AI architectural design
workflow, enhancing the practicality of diffusion models in the field of interior design.
Designers can obtain corresponding results by inputting design requirements in text form.
This method provides a novel design approach for interior designers.

In the field of historical architecture, scholars have explored the performance of AI
in the context of architectural heritage [33]. The AI-embedded teaching model has a
positive impact on student learning, especially in terms of “innovative ability” and “work
efficiency” [34,35]. Sukkar et al. [20] discuss the limitations of AI generation tools such as
Midjourney and how they influence the definition of Islamic architecture in AI. A small
number of studies have explored the current state and future outlook of AI in architectural
design [36]. Additionally, the value of AI in assisting designers to solve more complex
problems was explored [32]. At the same time, the relationship between some famous
architects, such as Antoni Gaudí, and designs generated by AI has also been explored [37].
The results of semi-structured interviews with 16 experienced architectural designers also
demonstrated that these models contribute to enhancing creativity, visualization, and
imagination, especially in the early stages of design. However, there are also difficulties
and potential threats, necessitating further improvements to the tools to adapt to the field
of architectural design [38].

As indicated, AI can assume a crucial role in the field of architectural design educa-
tion [39]. Establishing an understanding of AI among designers is instrumental in driving
the development of education. It supports the fostering of personalized academic learning
paths, the cultivation of collaborative learning platforms with educators, and the realization
of simulations and scenario construction [40,41]. For the realm of architectural design, such
cognitive establishment is of paramount importance [42].

The impact, challenges, and future prospects brought about by AI image generators
have become a focal point of current discussions [43]. AI still falls short in understanding
key constraints in architectural design, such as plot area, height restrictions, and design
regulations [44]. Although AI offers exciting new avenues for architectural creativity,
its practical application still requires the formulation of creative solutions to address the
aforementioned complex issues [17]. The currently commercially available text-to-image
systems have issues with creativity and appropriateness when generating images, which
may limit their effectiveness in engineering design [45].
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2.3. The Principles of Generative AI

Diffusion models, also widely known as diffusion probabilistic models, are a family of
generated models that are Markov chains trained with variational inference. The logic of
this technology is iteratively refining noise into a vector representation of high-resolution
images under the guidance of text prompts. Internally, the prompts are tokenized and
encoded into vector representations using the CLIP (Contrastive Language–Image Pre-
training) neural network. Guided by the text representation, Stable Diffusion progressively
refines the vector representation of the image by using the U-Net (Convolutional Networks
for Biomedical Image Segmentation) neural network to predict and eliminate noise, thereby
enhancing image quality and adherence to the prompts. Finally, the image representation
is upscaled into a high-resolution image [46].

Initially the inspiration came from nonequilibrium thermodynamics techniques, which
introduced a novel high-resolution image synthesis approach, termed denoising diffusion
probabilistic models [12]. It allows the models to generate images of a specific subject, given
a few reference examples. This approach can greatly reduce computational resources while
retaining image details. This method can be used for generating various types of images,
including text-to-image synthesis, unconditional image generation, class-conditional image
synthesis and super resolution. This page also provides some experimental results, demon-
strating that this method can greatly reduce computational resources, while maintaining
high quality (Figure 3).
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In summary, while all four models aim to generate new data, they achieve this goal
through different mechanisms [47]. Generative Adversarial Networks (GANs) exhibit cer-
tain limitations in text-to-image generation tasks. Although conditional GANs can achieve
some degree of association between text and images by introducing text embeddings,
they still suffer from unstable generation results and difficulties in precisely controlling
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the correspondence between text and images. Particularly when generating images with
specific architectural styles or themes, GANs often struggle to capture subtle text dif-
ferences, leading to inconsistencies between generated images and textual descriptions.
VAEs rely on a proxy loss, and flow models require specialized architectures to build
reversible transformations.

In contrast, Diffusion Models demonstrate stronger potential in text-to-image gener-
ation tasks. By gradually recovering images from noise, Diffusion Models can generate
high-quality and diverse images. More importantly, the text embeddings in Diffusion
Models are tightly coupled with the image generation process, enabling the model to pro-
duce images that are highly consistent with text descriptions. Especially when handling
fine-grained text prompts commonly found in architectural design, Diffusion Models can
generate images with rich details and stylistic variations. Additionally, Diffusion Models can
effectively avoid mode collapse and maintain the ability to generate images from different
categories through their intrinsic regularization mechanism. By introducing category and
theme information during training, Diffusion Models can generate architectural images with
specific styles or themes, while preserving an overall understanding of the category [48].

The training pseudo-codes for the Diffusion Model and the GAN model are shown in
Algorithms 1 and 2. Their differences can primarily be discussed from the perspectives of
generation method, loss function, and training objective:

Algorithm 1. Pseudo-code for Training a Diffusion Model

Input:
Pre-trained Stable Diffusion model
Subject images ‘subject_images’
Class images ‘class_images’
Output:
Fine-tuned model
1: Load pre-trained Stable Diffusion model;
2: Load images of subject and class;
3: Generate text embeddings for subject and class using text encoder;
4: for ‘epoch = 1, 2, . . ., num_epochs’ do
5: for ‘subject_image’, ‘class_image’ in zip (subject_data, class_data) do
6: Encode subject and class images into latent space;
7: Add noise to the latents;
8: Perform denoising step on the noisy latents using subject and class embeddings;
9: Calculate loss for subject and class;
10: Add regularization term to the class loss;
11: Backpropagate and optimize;
12: end for
13: Print epoch loss;
14: end for
15: Save the fine-tuned model;

Generation Method: the GAN generates fake samples through the generator and uses
the discriminator to distinguish between real and fake samples, whereas the Diffusion
Model generates images through a denoising process in the latent space.

Loss Function: the GAN updates the model using both the generator’s loss and the
discriminator’s loss, while the Diffusion Model updates the model using the loss of the
subject and class images, as well as the loss from the denoising diffusion process.

Training Objective: the goal of the GAN is for the generator to produce fake samples
that are indistinguishable from real samples, while the goal of the Diffusion Model is to
generate accurate and expected images through the denoising process.

When applied to architecture, combining the latest Diffusion Model technology with
previous image-generation techniques can bring a completely new workflow to the entire
architectural design process. Nowadays, there is research [49] proposing a workflow
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that interconnects different deep learning models, such as GANs (Generative Adversarial
Networks) [50] and NLMs (Normalized Least Mean Squares), to decompose and handle
multiple levels and features of architectural design, to address the current limitations of
language model-based image generation.

Algorithm 2. GAN Training Process

Input: Real samples S_real, Generator G, Discriminator D, Number of epochs num_epochs

Output: Trained Generator G, Trained Discriminator D

1. Initialize Generator G and Discriminator D
2. Define loss function and optimizers for G and D
3. for epoch = 1, 2, . . ., num_epochs do
4. for each batch of real samples S_real do
5. Generate random noise z = torch.randn(batch_size, noise_dim)
6. Generate fake samples S_fake = G(z)
7. Train Discriminator D:
8. Calculate loss for real samples:

loss_D_real = loss_function(D(S_real), real_labels)
9. Calculate loss for fake samples:

loss_D_fake = loss_function(D(S_fake.detach()), fake_labels)
10. Total Discriminator loss:

loss_D = (loss_D_real + loss_D_fake)/2
11. Update Discriminator D parameters:

optimizer_D.zero_grad()
loss_D.backward()
optimizer_D.step()

12. Train Generator G:
13. Generate fake samples S_fake = G(z)
14. Calculate Generator loss:

loss_G = loss_function(D(S_fake), real_labels)
15. Update Generator G parameters:

optimizer_G.zero_grad()
loss_G.backward()
optimizer_G.step()

16. end for
17. Output training loss loss_D, loss_G
18. end for

Return: Trained Generator G, Trained Discriminator D

In this experiment, the authors employed two methods to validate their workflow.
The first method involved using individual NLMs (Normalized Least Mean Squares) to test
a design scenario, comparing the impact of different text prompts and visual references on
the results. The second method utilized a hybrid workflow, combining NLMs (Normalized
Least Mean Squares) with other GANs (Generative Adversarial Networks), such as Style-
GAN [51] and CycleGANs (Cycle-Consistent Generative Adversarial Networks) [52], using
a specific architectural dataset for feature decoupling and domain transformation. The
authors presented the results of both methods and analyzed the subjectivity and creativity
of designers in different design tasks and processes, and explored how this workflow
supports creative thinking and design innovation.

Regarding the model training section, research on fine-tuning diffusion models abroad
stems from the method proposed by Imagen for developing custom text-to-image diffusion
models. Foreign research on finetuning Diffusion Models originates from the method of
customizing text-to-image Diffusion Models proposed by Imagen research and develop-
ment.
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Besides training Diffusion Models, researchers at Stanford University have studied
methods to assist image generation in order to generate results that conform to the con-
structed models, to aid architectural design and computer vision [53]. They give a new
framework that leverages lightweight adapters to enable precise controls over pre-trained
models. It enables the input of additional conditions, such as edge maps, segmentation
maps, and key points, and can be trained on a small dataset in an end-to-end manner [54].
This method is used to control large Diffusion Models to facilitate the input of additional
conditions. By leveraging various conditioning techniques, such as boundary map con-
trol, pose control, segmentation map control, and normal map control, it can enhance
the flexibility and diversity of image generation. Compared to general text-to-image or
image-to-image [55], the differences between the two are as follows.

ControlNet’s current pre-trained models are mature and applicable to more scenarios,
being able to support more kinds of condition detectors (nine major categories), while the
text-to-image and image-to-image adapter is designed and implemented in an engineering
approach that is simpler, more flexible, and easier to integrate and extend.

With ControlNet, text-to-image and image-to-image can be guided by more than one
condition model. For example, it can use both depth and a segmentation map as input
conditions at the same time, or use a sketch as guidance within an inpainting mask region.

3. The AI Training Method

A thorough understanding of the training principles (Figure 4) is crucial for master-
ing the method to enhance architectural rendering effects. Inspiration for this research
method partly comes from existing research by Han, Q et al. on AI learning of traditional
Chinese architecture [56]. Building upon this inspiration, the present study employs CLIP
(Contrastive Language–Image Pre-Training)-based contrastive learning in DreamBooth to
validate its learning capability for traditional Chinese architecture.
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The principle of DreamBooth is to form a new language–visual dictionary for Diffusion
Models, linking new vocabulary to specific themes that users want to generate. It is to
embed images of a given theme into the output domain of the model, so that unique
identifiers can be used to synthesize them, to reduce the issue of similar AI models in
Figure 5 being unable to correspond to specific architectural styles.
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In order to distinguish the model effects before and after architectural fine-tuning,
the architectural training set of this session needs to meet the following two conditions
(Figure 5):

• The original model has a poor response to this design style;
• The images used for training should have a clear and distinct design style;

3.1. Integration of Architectural Training Datas

The Huizhou architecture dataset utilized in AI training should encompass a rich array
of distinctive features that are emblematic of this traditional Chinese architectural style. This
includes the iconic horse-head walls, intricate Huizhou-style carvings, and the characteristic
white walls and black tiles that define the aesthetic of Huizhou buildings. Additionally, the
dataset should emphasize the unique group layout of these structures, showcasing how
individual buildings are arranged in harmony to form cohesive communities (Figure 6).
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As shown in Figure 6, during the dataset construction process, to address the poor
response of the original model to traditional Huizhou architecture and Antoni Gaudí
architectural styles, this research collected over 50 and 150 images, respectively, related to
these two architectural styles, from the Pinterest website. Each image was meticulously
annotated with its corresponding architectural style and spatial function in a text file. Thus,
the “Traditional Huizhou Architecture and Antoni Gaudí Dataset” was established.

3.2. Analysis of the Model-Training Convergence Process

The classification method for the dataset is also explained in Figure 7. Figure 8 diagrams
are intended to illustrate the key steps and concepts in the training process, enabling
architects to have a clearer understanding of the principles and methods of model training.
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Figure 8. Inputting data, parameter setting, design evaluation, and parameter command.

This study utilizes the open-source project “sd_dreambooth_extension” available on
GitHub, for training on the WEBUI interface (Figure 9).

By training according to the training values specified in the parameters mentioned
above and recording the loss and learning rate (lr) at each stage, the resulting graph curve
graph is shown in Figure 10. As seen from the graph, with the increase in epochs, the loss
values also begin to converge.

Figure 10 indicates that as the number of training iterations increases, the model’s
understanding of the training set deepens, and the feature learning becomes more refined,
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resulting in a decrease in loss values and convergence towards a stable state. This result
further demonstrates the improvement of the model in the learning process during this
study. Additionally, in the later stages of training, the text learning rate and the Unit
learning rate gradually decrease. This is to prevent potential overfitting of the model to the
training set, due to excessively high learning rates.
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In Figure 11, it is apparent that as the number of training steps increases and the
number of epochs gradually rises, the model’s fit to the training sets of Antoni Gaudí and
Huizhou architecture continuously and steadily improves. This trend indicates that, over
the long-term training process, the model in this study gradually enhances its ability to
recognize and understand these two architectural styles.
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For each epoch stage in this study, a model was set up, and consistent parameters
were used to generate the models at each stage for comparison. This approach allows for
a clearer observation of the process by which the model gradually learns the features of
the training set. Particularly when directly comparing the effects of the first Epoch with
those of the fifth Epoch in Figure 11, the difference in the degree of fit becomes especially
pronounced. These two epochs represent the results before and after training, respectively,
clearly demonstrating the model’s progressive improvement in its ability to recognize the
types of architecture in the training set during the learning process.

3.3. The Selection of Experimental Subjects in DreamBooth

The training platform and AI model (non-Chinese origin) need validation for tradi-
tional Chinese architecture. To verify, select an internationally renowned, highly distinctive
architectural style. A well-known style aids AI understanding, while a distinctive style
helps assess research method effectiveness. Rapid transformation of a generic building into
a specific style will demonstrate efficacy. The validation process allows optimization of the
technical roadmap through parameter adjustments, establishing a robust foundation for
future applications in traditional Chinese architecture.

From a logical perspective, it would be most reasonable to initially select a traditional
Chinese architectural style. However, the various styles of traditional Chinese architecture
do not reflect preferences of individual architects, but rather regional architectural char-
acteristics [57]. It was not until the 1920s that China saw the emergence of a professional
architect in the modern sense, when a group of Chinese students who had studied architec-
ture at the University of Pennsylvania in the United States returned to China [58]. Prior to
this, traditional Chinese architecture was predominantly designed by craftsmen, whose
names were mostly unknown.

Therefore, it is challenging to select a group of internationally renowned and highly
unique styles within traditional Chinese architecture to initially validate the effectiveness
of our research method. Choosing Antoni Gaudí as our first example in this study, is due
to the following reasons:

(1) Although Gaudí’s career spans different stylistic periods, his works exhibit a unique
“architectural marvel”, with a strong personal style. In world architecture history,
Gaudí’s works are unparalleled. Thus, we use Gaudí’s works for AI model training
and experimentation to intuitively assess our methodology’s effectiveness.

(2) Gaudí’s era marked the transition from classical to modern architecture, blending
both elements in his works. Similarly, this study aims to present Chinese traditional
architectural styles using AI technology, inevitably incorporating modern features
due to functional modernization. This fusion parallels Gaudí’s work.

4. Results

It is necessary to conduct preliminary experiments on the research methods proposed
in this paper to verify that the method can reflect the cultural characteristics of the region in
the preliminary design stage of architecture, and to see whether it can effectively improve
the accuracy and controllability of AI-rendered images in the current environment.

The CFG scale is set to 7.0 to enhance the persuasiveness of the results. The default
number of Steps for image Diffusion is 20.

4.1. Visual Evaluation Metrics

Firstly, it is essential to evaluate the potential of DreamBooth in image style restoration,
because if its capability in style restoration is inadequate, discussing its practical assistance
to architects becomes meaningless. Therefore, this paper validates the actual effect of
DreamBooth through a comparative study of the architectural art styles of Antoni Gaudí.
Details regarding the response of the original model to this design style can be seen in
Figure 12.
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When this study assesses the results after using the basic untreated pre-trained model,
it can be observed that although the output architectural style diagram responds to the
embedded text identifiers such as “building facade diagram” in the instructions, the
response to the “by Antoni Gaudí” text identifier is not ideal (Figures 5 and 10). In contrast,
after evaluating the results by the fine-tuned pre-trained model, it can observe that the
effect diagrams are closer to the curved, arched and arc features that are unique to Antoni
Gaudí’s architectural works (Figure 12). This phenomenon indicates that the model is a
better fit and match for the “by Antoni Gaudí” text identifier. It can generate novel variant
architectural effect images according to the dataset used for training, while retaining the
features of the dataset (Figure 6).

However, traditional AI rendering workflows often result in architectural renderings
that deviate significantly from the expected images in terms of local details. Therefore,
enhancing the controllability of renderings becomes a crucial concern.

4.2. Precision and Controllability Enhancement Comparison

The previous practical workflows may lead to diffusion and fusion of elements. This
may not achieve the desired effects for architectural renderings that require high accuracy
in the later stages of design. For this reason, this paper introduces the new technology
ControlNet, and in practical applications, its effectiveness is validated by evaluating its
accuracy in mapping features of the original images (Figure 13).

To highlight the importance of ControlNet in the preliminary design of buildings,
Figure 12 also presents a comparative analysis on results of using and not using ControlNet.

Firstly, when denoising the original images solely using Image-To-Imageimage-to-
image without employing ControlNet, a significant difference is observed between the
rendered results and the original architectural images when the denoising strength is
adjusted to 0.65 (Figure 13). Specifically, there are distortions in architectural details and
structural deformations, leading to less practical rendered results. Conversely, when the
denoising strength is reduced to 0.45, the generated image shows little difference from the
original image, but lacks noticeable rendering effects (Figure 13).

However, the use of ControlNet enhances the accuracy of generated images in depict-
ing scene structure, reducing “jagged” deformations.

Results in Figure 14 result show that MLSD tends to read the outlines of external
straight edges in this set of images, while curvy structures are often ignored in the mapping.
Therefore, in one of the comparative groups with relatively simple building outlines, MLSD
can perform better, but in the other two architectural renderings, the expression of building
structures is relatively chaotic on MLSD. The Depth neural network structure will obtain
a logical image identifying the foreground and background. It based on white and black
colors after mapping the original image information, so the architectural renderings of
buildings have a relatively obvious depth of field and vividly restore the shadows of
buildings. The generated depth maps clearly show that it focuses on the spatial distance
relationships between objects within the image. However, it grasps the details of buildings
poorly. In comparison, the Canny neural network structure model can well identify the
edge contours of various objects in the three contrast groups in the images.
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4.3. Evaluation of Traditional Architectural Design

Based on the previous methods, this section will issue clear commands to AI, forming
a visualized design process for Huizhou architecture with reduced modeling workload,
providing real-time information feedback for architects. Through the objective evaluation
of visualization schemes by multimodal AI, the value of each scheme can be judged, thereby
enhancing the sustainability of AI technology in Chinese-style buildings.

The initial modeling images of the four groups of input images only include basic
modeling of the site and the arrangement of doors and windows. The modeling part is
relatively rough, as it does not follow the specific form of Huizhou architecture. The reason
behind this is to validate whether AI can provide visually complete designs even with
lower modeling accuracy.
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Since displaying all results would make each image too small to be easily identifiable,
this paper randomly selected three generated results from each group as examples, to
showcase the overall effects (Figure 15).
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This study evaluates the degree of heritage and the usability value of the fine-tuned
model for Huizhou architecture design through two assessment metrics:

• Assessment of the restoration extent of the Huizhou architecture style and its land-
scape.

• Evaluation of whether the generated Huizhou architecture designs meet the rationality
requirements for spatial structure as stipulated in the original project brief.

This paper uses the CogAgent multimodal model to evaluate the results, which are as
follows (Figures 16 and 17):
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The recognition results of the generated Huizhou architecture designs are shown in
Figure 17, where the vertical axis represents words that frequently appear in the descriptions
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identified by the CogAgent model, and the horizontal axis represents the number of images
that meet these descriptions.
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From the quantity statistics chart of Huizhou-architecture design results generated
by the CogAgent model (Figure 16), it can clearly be seen that the model has the ability to
generate core features of Huizhou architecture after fine-tuning. The model can generate
images that reflect key features of Huizhou architecture with a ratio of over 70%, including
Natural Landscape, Grove, White Building, etc. The low recognition numbers of certain
keywords (such as Black Roof) are primarily due to the smaller proportion of these elements
within the overall architecture, leading to fewer recognitions.

The analysis shows the model can capture Huizhou architecture’s core principles: na-
ture integration and Yin–Yang balance. AI successfully integrates these unique features into
various aspects, including building shape, structure, materials, and decoration. Rendered
images also display these traits in door and window design and cantilevered roof eaves
(Figure 16).

5. Discussion
5.1. Methodological Practices in the Application of Traditional Chinese Architecture

As stated in Section 4, this paper has successfully demonstrated the effectiveness
of the proposed method through empirical research. However, supporting the method
theoretically is not sufficient. It is crucial to empirically demonstrate its practical applica-
bility within the architect’s workflow, as shown in Figures 1 and 2. The method needs to
transition from a theoretical level to a concrete form of practical application (Figure 18).

Therefore, to comprehensively investigates its application effects and value, this study
focused on a practical application surrounding the ancient-town design project currently
being advanced in Huangshan City, Anhui Province, which is part of an old-city revival
plan. This verification aims to demonstrate the effectiveness of integrating AI technology
with traditional architectural design, enabling the application of traditional architecture
within modern architectural processes. The convergence of this technology and culture
represents a crucial avenue for achieving long-term sustainable development, aligning
with the dual requirements of innovation and continuity in sustainable design, thereby
promoting the sustainable inheritance of ancient architectural culture.
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5.2. Challenges in Traditional Chinese Architectural Design

In contemporary China, the design of ancient cities faces numerous challenges in
the practice of cultural heritage preservation. The complex forms have restricted the
development of traditional Chinese architecture. Imagine the modeling time required for
these forms, which would be several times that of general modern architecture.

In architectural design, Huizhou architecture embodies several unique design features.
These features include the following aspects (Figure 19):
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Figure 19. The traditional Huizhou-style architecture which reflecting the typical Huizhou architec-
tural style.

Huizhou architecture often integrates with the surrounding landscape, emphasizing
the layout based on Feng Shui principles. The village structures are compact, with narrow
streets and alleys, presenting a maze-like layout. The buildings predominantly adopt the
courtyard compound form. Structurally, Huizhou architecture relies primarily on wooden
frames, with distinctive horse-head walls. Additionally, Huizhou architecture boasts a rich
array of decorative arts, such as brick carving, wood carving, and stone carving, which can
be found throughout. Roof forms include “hard top” (gabled roof), “suspended top” (hipped
roof), and “resting top” (gable-and-hip combination), with upturned eaves and covered
with small blue–green tiles. Interior design places emphasis on axial symmetry, featuring
spacious and bright halls. Furniture often showcases Ming and Qing Dynasty styles.

Huizhou architecture is closely intertwined with clan culture. Architectural structures
like ancestral halls and memorial archways embody the honor and status of clans, while
academies and schools also hold significant positions. Furthermore, Huizhou architec-
ture prioritizes environmental sustainability. Through design elements such as courtyards,
yards, and windows, it maximizes the utilization of natural light and air circulation, enhanc-
ing residential comfort. Moreover, local materials such as wood, blue bricks, and stones are
extensively used, promoting a harmonious coexistence with the natural environment.
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5.3. Evaluation of Spatial Rationality

This evaluation primarily focuses on Groups 2, 3, and 4, which, unlike Group 1, have
explicit requirements for the architectural structure set in the Input Images (Figure 20). For
the parts involving doors and windows, there are clear specifications for the position, size,
and even the architectural style.
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In the process of evaluating structural rationality, this research adopted three main
architectural structure-location accuracy indicators: the position of doors and windows,
the layout of walls, and the design of pavements. These indicators correspond to important
elements in architectural design. Precise assessment and scoring of these three critical
factors are carried out.

In Group 2, 3, and 4 (Figure 21), each group contains ten Huizhou architecture schemes.
These schemes have been scored, and the scoring trend for each scheme is illustrated in the
following three tables.

Using some generated Huizhou architecture proposals as examples, this section ex-
plains the scoring criteria for architectural structure rationality. The assessment is based on
a comparison with the structures in the original Input Images (Figures 20 and 21). Doors
and windows, walls, and pavements are evaluated factors, and scores are assigned based
on their accuracy and rationality. If any obviously irrational structures are identified during
the comparison process, such as parts highlighted by red rectangles, no scores will be
awarded for those sections.

Based on detailed analysis of the data in Figure 20, it is apparent that within all
evaluated images, the structural accuracy of the walls is undoubtedly the most prominent.
This observation is not coincidental, but is proven by consistency shown across 30 sets
of generated results. In fact, out of these 30 sets, only one did not receive a score, which
speaks volumes about the fine-tuned model’s performance in designing complexity and
achieving precision.

On the other hand, although the structural accuracy of the doors and windows may
not be on par with that of the walls, its performance is still quite commendable. Out of
30 generated results, scores were awarded to 24 sets. Despite being slightly inferior to the
performance of the wall section in numerical terms, doors and windows are undoubtedly
also an important consideration in the overall assessment.
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5.4. Improving Design Efficiency

As shown in Figure 22, even with significantly reduced modeling accuracy and the
exclusion of Huizhou architectural factors, the visualization rendering process in the design
phase can still achieve the same visual effect as Huizhou architecture in reality. It shows that
even with a limited budget, architects can realize the refinement and functional features of
Huizhou architecture style within a small-scale construction, thereby effectively revitalizing
China’s ancient techniques, particularly exhibiting the innovation of Huizhou architecture
style and presenting a broad and creative architectural vision.

Sustainability 2024, 16, x FOR PEER REVIEW 26 of 29 
 

 
Figure 22. Comparison of modeling workload. 

6. Conclusions 
6.1. Application and Value 

This research confirms the method’s practicality in traditional architecture, providing 
a theoretical foundation for Huizhou architecture in China. By comparing DreamBooth 
renderings to Antoni Gaudí’s architectural style, we validate DreamBooth’s ability to 
achieve stylized generalization in architecture. ControlNet technology enhances rendered 
image controllability, reducing distortions and improving precision and authenticity. Real 
project tasks verify its applicability in traditional design. 

This approach integrates AI into traditional Chinese architecture design, simplifying 
the preliminary process. It introduces new possibilities and addresses the decline of 
traditional architecture in modern building environments. This helps traditional 
architecture adapt to contemporary design, positively impacting its long-term 
development. 

Compared to traditional methods, this research significantly simplifies modeling 
time for traditional architecture. It demonstrates AI’s potential in preserving intangible 
traditional architectural heritage. By deeply learning traditional architectural styles and 
elements, AI can extract their essence and generate creative design expressions. 
Furthermore, AI can merge traditional architectural features with modern design 
philosophies, resulting in green buildings that are both time-specific and conducive to the 
continuity and innovative advancement of traditional cultural heritage. 

6.2. Future Research 
In contemporary society, the application of AI technology in architectural design has 

sparked widespread discussion and controversy. Proponents argue that AI can signifi-
cantly enhance design efficiency by rapidly generating and optimizing design plans, sav-
ing time and effort. Additionally, AI contributes to the preservation and restoration of 
historical buildings, utilizing big data analysis to uncover patterns in traditional design, 
promoting innovative designs, and providing personalized design solutions. AI can also 
handle large numbers of data and complex computational tasks, making the design pro-
cess more precise and scientific, thereby improving overall design quality. 

However, opponents worry that AI may overlook the cultural connotations of tradi-
tional Chinese architecture, leading to a break in cultural heritage. They believe that AI 
lacks human creativity and artistic sense, and cannot fully replace human designers. 
Moreover, over-reliance on AI may result in the degradation of designers’ skills, and eth-
ical issues concerning data privacy and intellectual property need to be addressed. The 

Figure 22. Comparison of modeling workload.



Sustainability 2024, 16, 8414 23 of 26

6. Conclusions
6.1. Application and Value

This research confirms the method’s practicality in traditional architecture, providing
a theoretical foundation for Huizhou architecture in China. By comparing DreamBooth
renderings to Antoni Gaudí’s architectural style, we validate DreamBooth’s ability to
achieve stylized generalization in architecture. ControlNet technology enhances rendered
image controllability, reducing distortions and improving precision and authenticity. Real
project tasks verify its applicability in traditional design.

This approach integrates AI into traditional Chinese architecture design, simplifying
the preliminary process. It introduces new possibilities and addresses the decline of tradi-
tional architecture in modern building environments. This helps traditional architecture
adapt to contemporary design, positively impacting its long-term development.

Compared to traditional methods, this research significantly simplifies modeling
time for traditional architecture. It demonstrates AI’s potential in preserving intangible
traditional architectural heritage. By deeply learning traditional architectural styles and
elements, AI can extract their essence and generate creative design expressions. Further-
more, AI can merge traditional architectural features with modern design philosophies,
resulting in green buildings that are both time-specific and conducive to the continuity and
innovative advancement of traditional cultural heritage.

6.2. Future Research

In contemporary society, the application of AI technology in architectural design has
sparked widespread discussion and controversy. Proponents argue that AI can significantly
enhance design efficiency by rapidly generating and optimizing design plans, saving time
and effort. Additionally, AI contributes to the preservation and restoration of historical
buildings, utilizing big data analysis to uncover patterns in traditional design, promoting
innovative designs, and providing personalized design solutions. AI can also handle large
numbers of data and complex computational tasks, making the design process more precise
and scientific, thereby improving overall design quality.

However, opponents worry that AI may overlook the cultural connotations of tra-
ditional Chinese architecture, leading to a break in cultural heritage. They believe that
AI lacks human creativity and artistic sense, and cannot fully replace human designers.
Moreover, over-reliance on AI may result in the degradation of designers’ skills, and ethical
issues concerning data privacy and intellectual property need to be addressed. The focal
point of the debate is whether the design quality generated by AI can meet or surpass
the level of human designers, and whether AI can truly understand and adapt to the
architectural styles and needs of different cultures.

Although AI holds great potential in traditional architectural design, how to balance
technological innovation with cultural heritage requires careful consideration. While tech-
nological development is inevitable, its application must respect and protect traditional
culture, ensuring the harmonious development of technology and a humanistic spirit.
Meanwhile, designers should continuously enhance their skills and collaborate with AI
technology, leveraging each other’s strengths to advance and innovate in architectural de-
sign. Only on this basis can AI technology truly bring revolutionary changes to architectural
design while avoiding the destruction of traditional culture.

Studying and applying the latest deep learning techniques involves using conditional
generative adversarial networks (cGANs) [59], Variational AutoEncoder (VAE) [60,61] and
U-Net (Convolutional Networks for Biomedical Image Segmentation) [62,63] to enhance
the model’s expression ability and generation effect.
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