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Abstracts 

This paper explores the current applications, technical advantages, and challenges of generative 

artificial intelligence (AI) technology in architectural design. With the advancement of 

technology, AI has been increasingly applied in architectural design, providing innovative tools, 

particularly generative AI like GPT-4, which significantly enhances design efficiency and 

creativity. This study analyzes the application of AI in design selection, style learning, and 

diversity generation, exploring specific applications in creative design, rendering, and large-

scale scene design. Although generative AI excels in optimizing and improving the efficiency 

of the design process, its application faces challenges in professionalism and applicability, 

requiring further technical improvements. In the future, generative AI is expected to play a 

greater role in architectural design, emphasizing the integration of AI assistance by designers 

to ensure professional and human-centered decision-making.  
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Introduction 

With technological advancements, AI is permeating various fields, including architectural design. The 

application of AI in architectural design provides new tools and methods for designers, significantly 

improving design efficiency and creativity. Particularly, the emergence of generative AI technology, such 

as GPT-4, has brought innovative changes to architectural design. This technology can generate high-

quality images or design renderings, analyze complex design requirements, generate detailed design 

documents, and provide designers with various creative solutions (Aziz & Kim, 2020). 

This study aims to explore the current applications, technical advantages, and challenges of generative AI 

technology in architectural design. It analyzes the current applications of AI in design selection, style 

learning, and diversity generation, and explores specific applications of generative AI like GPT-4 in 

creative design, rendering, and large-scale scene design. As the latest generation of generative pre-trained 

transformer models, GPT-4 excels in natural language processing and generation, providing designers with 

powerful auxiliary design tools (Brown et al., 2020). 
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Furthermore, this study investigates how generative AI helps optimize and improve the efficiency of the 

design process and how to effectively integrate AI-generated content into actual projects. Facing the 

challenges of professionalism and applicability of AI-generated designs, the study explores methods to 

better adapt generative AI to architectural design needs through additional technical improvements and 

training (Chen & Liu, 2021). 

 

Current Research 
Category Term Definition 

AI Artificial Intelligence (AI) The capability of a computer system to mimic human intelligence behaviors, 

including learning, reasoning, self-correction, and independent decision-making, 

applied in image recognition, speech recognition, etc. 

Generative AI AI technology focused on generating new content, such as images, text, music, using 

complex algorithms and models like GANs and VAEs (Goodfellow et al., 2014). 

GPT GPT A generative pre-trained transformer model developed by OpenAI, pre-trained on 

large-scale text data, used for text generation, translation, and question answering, 

based on the Transformer architecture (Radford et al., 2018). 

GPT-4 The fourth-generation model in the GPT series. With larger parameter scales and 

stronger language understanding and generation capabilities, handling complex 

language tasks such as translation, creation, summarization, and dialogue (OpenAI, 

2023). 

DALL-E A generative image model developed by OpenAI that generates corresponding 

images from text descriptions, combining GPT-3's NLP capabilities and image 

generation technology to create high-quality, creative images (Ramesh et al., 2021). 

In the field of architectural design, AI technology was initially applied to design selection, architectural 

style learning, and imitation. Increasingly, researchers are exploring the broad applicability of AI in 

architectural design, mainly focusing on case-based architectural design, architectural style learning 

models, and machine learning of architectural style diversity and complexity (Kebudi & Pilehvar, 2022). 

Generative AI technology has a significant impact on architectural design. GPT-4 excels in natural language 

processing and generation. This technology can learn from large-scale data and generate high-quality 

content that meets design requirements. Specifically, generative AI can provide important references and 

support for designers in creative design, rendering, scene modeling, and large-scale scene design by 

combining current popular elements or specific instructions (Li et al., 2021). 

As the latest generation of generative pre-trained transformer models, GPT-4 has stronger language 

understanding and generation capabilities. It can analyze complex architectural design requirements, 

generate detailed design documents, and provide various creative solutions during the conceptual design 

phase. This improves design efficiency, optimizes the design process, and saves designers more time to 

focus on creativity and decision-making (Brown et al., 2020). 

However, applying such technology also faces challenges. For example, ensuring the professionalism and 

applicability of AI-generated designs, handling the uncertainty of generated content, and effectively 

integrating AI-generated content into actual projects are issues that require further research and solutions 

(Aziz & Kim, 2020). 

With technological advancements, generative AI is expected to play a greater role in architectural design. 

Tasks such as drafting drawings, generating models, and creating advanced plans may be entirely executed 

by generative AI. Designers only need to propose requirements, select creative ideas, and combine AI 

suggestions to make final design decisions. This is expected to significantly improve the overall efficiency 

and quality of architectural design (Chen & Liu, 2021). 
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Methods of Generative AI Processing Design Instructions 

Based on GPT-4, generative AI technology can provide the following two main supports for architectural 

design: 

⚫ Text-to-Image Generation Mode 

This mode is usually applied in the early stages of schematic drafting. Designers can use GPT-4 to generate 

detailed design concepts and architectural styles, layouts, specific elements, etc., in text descriptions. These 

text descriptions are then input into the DALL-E plugin to generate preliminary intent images of different 

style types. DALL-E is a powerful image generation tool capable of generating high-quality images based 

on text descriptions. For example, in planning a museum design, input instructions like "architectural photo, 

rectangular," and let GPT-4 generate text descriptions processed by DALL-E to automatically generate 

related intent images(Ramesh et al., 2021). 

  

Fig.1. Intentions generated in the first round of text-to-picture mode 

GPT accurately maps out the concept of the "rectangle", combining popular design elements with the given 

keywords and combining them to form an intentional diagram, see Figure 1. However, due to the still broad 

qualifications, the effects generated by GPT based on its own model have a great deal of uncertainty. 

Although these images have taken shape under the processing of GPT, they are still too rough for a specific 

design proposal. At this time, keywords can be added to better control the effect of GPT drawing, such as 

adding the description of architectural style, building materials, the surrounding environment and other 

factors. On the basis of the intention map generated in Figure 1, the text command is re-edited as "building 

photo, rectangle, museum, river background, modern style, bird's eye view", and then the relevant intention 

map is generated, see Figure 2. 

  

Fig.2. Intentions generated in the second round of text-to-picture mode 

After the second round of keyword modification, i.e., adding the command "museum, river background, 

modern style, bird's eye view", the intention map generated by GPT has more details compared to the first 

round, and the overall effect of the architectural layout and the treatment of the surrounding environment 

is more close to reality. 

In the case of keeping the above mentioned keywords unchanged in the second round, the series of pictures 

were generated again, see Figure 3. 
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Fig.3. Intentions generated in the third round of text-to-picture mode 

These diagrams above have different detail effects, but they remain similar in overall style due to their same 

limiting keywords. 

⚫ AI Training 

By training GPT-4 and its DALL-E plugin, designers can create unique design styles. This training process 

includes inputting a large amount of architectural design data, allowing AI to learn to generate images 

suitable for specific design styles. Designers can select various design elements and parameter settings 

(building materials, style details, color matching, etc.) during multiple image generations, gradually 

adjusting and optimizing the image generation effect (Radford et al., 2018). 

Moreover, through repeated training and adjustments, AI can capture the preferences and style 

characteristics of designers, making the generated images more in line with the designers' intentions. For 

example, designers can use past design works or successful cases as training data, allowing AI to understand 

and imitate these design styles. When generating new images, AI combines learned style elements to meet 

designers' requirements and create works with unique styles (Kebudi & Pilehvar, 2022). 

 

Explorative Modes of Generative AI in Architectural Design 

Based on the current characteristics of generative AI, AI-generated design solutions are gradually 

approaching user needs, avoiding a unified design approach. Using AI must follow the following three 

basic principles: enhancing design efficiency, optimizing design solutions, and adapting to user needs 

(Chen & Liu, 2021). 

⚫ Imitation Learning Using Large-Scale Data 

In addition to converting basic instructions into detailed information, another important advantage of AI is 

the use of large-scale data. In the context of the modern network information age, AI can learn from a large 

amount of architecture-related data, extract valuable information, and quickly grasp key points of specific 

architectural or planning designs. Through machine learning and deep learning techniques, AI continuously 

optimizes its imitation capabilities and adjusts its learning direction based on designer feedback and user 

needs, improving design accuracy and efficiency. This interactivity makes AI's learning of architectural 

information elements more convenient and suitable for practical needs (Goodfellow et al., 2014). 
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⚫ Form and Layout Exploration Based on Related Data 

At this stage, generative AI's understanding of architectural forms and layouts is still insufficient, mainly 

due to the limited development specifically targeting architectural content. Therefore, it is necessary to 

combine real-time learning results with architects' descriptions to support AI generation. Utilizing GPT-4's 

DALL-E plugin's characteristics, more suitable forms and layouts can be drawn. As a powerful generative 

AI tool, DALL-E can better grasp the essence of elements such as form and layout in design. In this process, 

human control plays a crucial role. Through programming and extensive repeated training, the actual 

drawing effect of AI can be influenced, making AI-generated architectural forms and layouts more specific 

and reasonable (Li et al., 2021). 

⚫ Finalizing the Plan Based on Specific Detail Requirements 

After completing the above two stages, generative AI initially has the capability to generate corresponding 

plans. Compared with the initial state, AI can recognize and express specific architectural or planning styles 

and describe some architectural details. However, in the actual plan drafting, there are many detailed issues, 

such as door and window shapes, traffic flow layout, form relationships, and architectural technical 

indicators. Since AI has not yet achieved mature expression capabilities in these areas, designers need to 

combine various auxiliary drafting formats (text, images, sketches, etc.) and AI's large-scale data training 

to enable AI to more accurately express and finalize the plan (Aziz & Kim, 2020). 

+Limitations of AI in Architectural Design 

Due to the current level of AI development, its short-term application in the field of architectural design is 

relatively limited. The main problem is that various built-in AI models require multiple iterations to adapt 

to more architectural types, methods, and languages. Additionally, architectural design includes many 

subjective elements, such as aesthetics and visual elements, which are difficult to quantify, making it 

challenging for AI to accurately describe such instructions. Therefore, AI-generated images may lack 

professionalism compared to hand-drawn images (Brown et al., 2020). 

Given the rapid development of the intelligent industry and frequent iterations of AI technology, current 

recognition methods or technologies may become obsolete in the near future. Therefore, research should 

focus more on the concept and methods of generative AI-assisted design to ensure that the research does 

not lose timeliness due to technological iterations (OpenAI, 2023).  

 

Future Development Trends 

⚫ Prospects for technological progress 

(1)  Introduction of emerging artificial intelligence technologies 

Generative AI technology is developing rapidly, and emerging AI technologies such as Generative 

Adversarial networks (GANs) and variational autoencoders (VAEs) are becoming more and more widely 

used in the field of architectural design. GANs generates more realistic images or design schemes through 

adversarial training of two neural networks, while VAEs excels in data compression and generation. The 

introduction of these emerging technologies has enhanced the application effect of generative artificial 

intelligence in architectural design. For example, GANs can generate high-quality renderings of buildings, 

allowing designers to better express design intent at an early stage. In addition, GANs plays a key role in 

design optimization and creative exploration by generating a large number of design proposals, providing 

designers with more choices and enhancing design diversity and creativity. 

(2)  Development of multi-modal artificial intelligence model 
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Multimodal AI models combine various data formats such as images, text, and speech to enable AI to more 

fully understand and generate complex design schemes. For example, combined with natural language 

processing (NLP) technology, architects can quickly generate preliminary design sketches from speech or 

text descriptions. At the same time, multimodal AI models span the boundaries of different data types, 

enabling more complex and diverse design generation. This capability enables architects to perform design 

tasks more efficiently and receive better support throughout the design process. In the future, the 

development of multimodal AI models will enhance the ability of AI to collaborate in the design process, 

allowing designers to communicate with AI more easily and achieve a more efficient design process. 

(3)  Integration of cloud computing and edge computing 

The development of cloud computing and edge computing technologies has significantly enhanced the 

computing power and real-time responsiveness of generative AI. Cloud computing provides powerful 

computing resources for more efficient training and reasoning of large-scale AI models. Edge computing, 

on the other hand, distributes some computing tasks to local devices, improving real-time performance and 

data privacy protection. This integration enables generative AI to provide more flexible and efficient 

solutions in building design. Architects can train complex models in the cloud and verify design effects in 

real time on local devices, greatly improving work efficiency. In addition, the integration of cloud 

computing and edge computing popularized the application of artificial intelligence technology, so that 

small and medium-sized design companies can also enjoy the convenience and advantages brought by 

artificial intelligence technology. 

⚫ Potential Application Scenarios 

(1)  Smart city planning and design 

Generative AI plays a key role in smart city planning, optimizing urban layout and resource allocation 

through big data analysis and simulation. For example, artificial intelligence can simulate different traffic 

flow scenarios and predict future development trends to make more scientific and reasonable urban 

planning schemes. This not only improves the operational efficiency of the city, but also improves the 

quality of life of residents. In the future, the application of generative artificial intelligence in smart cities 

will expand to environmental monitoring, public safety and infrastructure management, and significantly 

improve the level of urban intelligence and convenience of life. 

(2)  Sustainable building and ecological design 

With the enhancement of environmental awareness, sustainable architecture and ecological design have 

become an important direction of architectural design. Generative AI enables designers to optimize energy 

use, reduce carbon emissions, and create more environmentally friendly building solutions. For example, 

by simulating different building materials and structures, AI can identify optimal eco-design options that 

not only meet environmental requirements, but also reduce the building's operating costs. In the future, 

generative AI will be combined with renewable energy systems and smart home technologies to further 

enhance the sustainability and energy efficiency of buildings and promote the development of green 

buildings. 

(3)  Personalized house design 

Generative AI can quickly create customized home designs based on the needs of individual users. By 

analyzing users' living habits and preferences, AI can design more comfortable and personalized living 

environments. For example, AI can customize room layouts with different styles and functions according 

to users' interests and needs. This personalized design not only improves user satisfaction, but also provides 

a better living experience. In the future, generative AI will be combined with smart home systems to achieve 
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a more personalized and intelligent living experience, enabling users to constantly adjust and optimize their 

living environment as needed. 

⚫ Technological breakthrough and innovation 

(1)  Generating Adversarial Network (GANs) applications 

GANs can generate real and diverse architectural design drawings through the antagonistic training of 

generators and discriminators. This technology performs well in image generation and augmented reality 

(AR) applications, providing architects with a more realistic design reference. The application of GANs not 

only improves the design efficiency, but also provides a wealth of creativity and inspiration for architectural 

design. In the future, as GANs technology advances, its scope of application will be further expanded, from 

preliminary design to detailed optimization, supporting architects to create more innovative and original 

design solutions. 

(2)  Integration of augmented reality (AR) and virtual reality (VR) 

The combination of AR and VR technologies significantly enhances the visualization and interactivity of 

architectural design. Through AR/VR technology, designers and customers can experience and modify 

design solutions in a virtual environment, improving communication efficiency and design quality. This 

technology helps customers understand design solutions more intuitively and make more informed 

decisions. In the future, AR and VR technologies will be combined with generative artificial intelligence 

to make the architectural design process more immersive and interactive, with designers and clients able to 

design, optimize and make decisions together in a virtual environment. 

(3)  Integration of artificial intelligence and Internet of Things (IoT) 

The integration of artificial intelligence and the Internet of Things makes building design and management 

more intelligent. Iot devices collect real-time usage data of the building, and artificial intelligence 

dynamically adjusts and optimizes to enhance the functionality and comfort of the building. For example, 

AI can adjust energy use based on real-time data, optimize indoor environments, and enhance the comfort 

of living and working Spaces. In the future, with the development of Internet of Things technology, artificial 

intelligence will achieve more comprehensive and detailed building management in aspects ranging from 

energy management to security monitoring and user behavior analysis, and enhance the intelligent level of 

buildings and user experience. 

⚫ Future Challenges and Solutions 

(1)  Data Privacy and security 

In the application process of generative AI, data privacy and security issues cannot be ignored. Strict data 

management and usage norms need to be established to ensure the security and privacy protection of user 

data. The key to solving this problem is to establish a transparent data usage process and strong data 

encryption technology. In addition, regularly reviewing and updating data security policies to address 

evolving security threats is critical to maintaining the protection of user data. 

(2)  Ethical and legal issues 

The application of AI in architectural design raises ethical and legal issues such as design copyright and 

liability. In order to regulate the application of AI technology, comprehensive legal and ethical guidelines 

need to be established to ensure that the rights and interests of designers are protected and that AI-generated 

designs meet the ethical standards of society. In addition, a legal framework should be established to deal 

with problems caused by AI design errors or negligence, and to protect the rights and safety of all 

participants. 
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(3)  Optimization of human-AI collaboration 

Enabling effective collaboration between AI and human designers is a key direction for the future. More 

intelligent and humane AI tools need to be developed to improve the efficiency and effectiveness of human-

AI collaboration. For example, by having AI support the initial design, while the designer is responsible for 

the final creative and decision making collaborative model, maximize the advantages of AI and humans. In 

the future, with the advancement of human-machine collaboration technology, AI will be able to better 

understand and respond to the needs of designers and provide more accurate and personalized support, 

thereby improving the overall quality and efficiency of the design process. 

 

Conclusion and Outlook 

This study explores the current applications, technical advantages, and challenges of generative AI in 

architectural design. Specifically, generative AI excels in design selection, style learning, and diversity 

generation, learning from large-scale data and generating high-quality content that meets design 

requirements. This improves design efficiency and optimizes the design process. However, challenges in 

professionalism and applicability remain, requiring further research and technical improvements 

(Goodfellow et al., 2014). 

In the future, more advanced AI technology is expected to be applied in architectural design. The 

intersection and parallel development of the construction industry with other fields may gradually replace 

more traditional architectural workflows. This trend marks significant progress in the construction industry 

and the development of the times. Architecture serves humanity, and humans give architecture its soul. The 

true understanding of architecture belongs to its designers and users, and AI should never replace human 

purposes (Chen & Liu, 2021). 

 

WORKS CITED  
 
Journal Articles: 
Aziz, S. K., & Kim, J. (2020). The role of AI in architectural design: Enhancing creativity and efficiency. 

Journal of Architectural Technology, 12(3), 45-57.  
Brown, T. B., Mann, B., Ryder, N., Subbiah, M., Kaplan, J. D., Dhariwal, P., ... & Amodei, D. (2020). 

Language models are few-shot learners. arXiv preprint arXiv:2005.14165.  
Chen, Z., & Liu, Y. (2021). Generative AI and its application in modern architecture. International Journal 

of Architectural Computing, 19(2), 120-135.  
Goodfellow, I., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., ... & Bengio, Y. (2014). 

Generative adversarial nets. In Advances in neural information processing systems (pp. 2672-2680).  
Kebudi, G., & Pilehvar, M. T. (2022). AI-driven architectural design: Case studies and future directions. 

Architectural Science Review, 65(1), 33-48.  
Li, L., Zhu, Y., & Zhou, X. (2021). Exploring generative design with AI: Methods and applications in 

architecture. Frontiers of Architectural Research, 10(3), 417-431.  
Technical Reports: 
OpenAI. (2023). GPT-4 technical report. OpenAI Technical Reports.  
Blog Posts: 
Radford, A., Wu, J., Child, R., Luan, D., Amodei, D., & Sutskever, I. (2018). Language models are 

unsupervised multitask learners. OpenAI Blog, 1(8), 9.  
Conference Papers: 
Ramesh, A., Pavlov, M., Goh, G., Gray, S., Voss, C., Radford, A., ... & Sutskever, I. (2021). Zero-shot text-

to-image generation. In International Conference on Machine Learning (pp. 8821-8831). 
Books and Book Chapters: 



Application and Challenges of Generative AI in Architectural Design: A Case Study of GPT-4  

ESIC | Vol. 8.2 | No. S2 | 2024                                           999 

Bonabeau, E., Dorigo, M., & Theraulaz, G. (1999). Swarm Intelligence: From Natural to Artificial Systems. 
Oxford University Press. 

Bunyus, J. (2002). Biomimicry: Innovation Inspired by Nature. Perennial. 
Fogler, L., Walsh, M., & Owens, M. J. (1966). Artificial Intelligence through Simulated Evolution. John Wiley 

& Sons. 
Frazer, J. (1995). An Evolutionary Architecture. Architectural Association. 
Giddings, F. H. (1908). Sociology. Columbia University Press. 
Goertzel, B. (2006). The Hidden Pattern. Brown Walker Press. 
Kasaboc, N. K. (1996). Foundations of Neural Networks, Fuzzy Systems, and Knowledge Engineering 

(Computational Intelligence). MIT Press. 
Lehmann, E. L., & Casella, G. (1998). Theory of Point Estimation. Springer. 
Mitchell, M. (1996). An Introduction to Genetic Algorithms. MIT Press. 
Mohri, M., Rostamizadeh, A., & Talwalkar, A. (2012). Foundations of Machine Learning. MIT Press. 
Nof, S. Y. (1999). Electronics Magazine. John Wiley & Sons. 
Samuel, A. L. (1959). Some studies in machine learning using the game of checkers. IBM Journal, 3(3), 210-

229. 
Weiner, N. (1961). Cybernetics: Or Control and Communication in the Animal and the Machine. MIT Press. 
 


