
05007

 

Transformative Role of Artificial Intelligence in 
Enhancing Personalized Sustainable 
Architectural Design  

Wael Sheta1* 
1Faculty of Engineering and IT, The British University in Dubai, UAE 

Abstract. Emphasizing the harmony between environmental goals and 
personal preferences, the study looks at how sustainable building design 
relates to human preferences. While sustainable design advances health, 
resource economy, and energy efficiency, human tastes occasionally center 
on aesthetics and materials that might be incompatible with sustainability. 
This study investigates how artificial intelligence (AI) could reconcile these 
conflicting objectives so that architects may create unique designs while also 
adhering to environmental standards. Large dataset evaluation capability of 
AI helps it to identify trends in architectural designs, personal preferences, 
and environmental needs. Architects can design customized, responsive 
settings that mix human aesthetic choices with sustainability by applying 
Training on Architectural Data (TOD) method. Using AI, the study grouped 
words associated with beauty, proportion, color, and materials across 
architectural movements to provide context on their perceptions. Moreover, 
architect-specific prompts produced AI-generated designs that demonstrated 
how to link architectural trends with personal preferences. This paper 
underlines how revolutionary AI is in enhancing tailored and sustainable 
architecture and highlights future opportunities for collaborative 
collaboration between architects and data scientists to propel invention in 
human-centered design. The results show how well AI can examine vast 
amounts of data and produce relevant visual representations matching 
certain architectural trends and unique designs of individual architects. AI 
generates fresh design innovation by tying human preferences to 
architectural trends, therefore enabling architects to mix current aesthetics 
with cultural relevance and environmental principles.  

1 Introduction 
Sustainable architectural design and human preferences must converge under careful 

balancing of environmental goals and personal interests. All of which have long-term benefits 
for society and the environment, sustainable design emphasizes on creating better 
surroundings, raising energy efficiency, and employing environmentally friendly materials. 
Inspired by ideas that transcend personal tastes, this approach seeks to reduce carbon 
footprints, save resources, and improve health by means of built environments [1]. 
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Conversely, personal preferences often reflect personal choices that might not be in line with 
ecologically beneficial behavior. People could value design elements, materials, or aesthetics 
that are resource-intensive, ineffective, or environmentally destructive  [2]. Moreover, these 
choices are prone to changing trends that can lead to ineffective building or renovation cycles 
against environmental goals. Usually, architects deal with the challenge of reconciling 
personal preferences with environmental concerns. An efficient sustainable design protects 
and preserves the environment while nevertheless including personal preferences  [3].  
Architectural design is much influenced by contextual, social, and cultural factors as well as 
by technical ones. Sustainable solutions have to be tailored to local traditions, materials, and 
climates while considering the societal background. What is sustainable in one area could not 
be workable or successful in another  [4]. Human tastes and more general environmental 
problems produce a complex dynamic as, depending on the situation, preferences either 
coincide with or contradict sustainability  [5]. Harmonizing ecological ideas with aesthetic 
preferences—such as attractiveness, proportion, color, and material choice—requires 
significant thought. Often stressing utility, resource efficiency, and environmental 
responsibility, the issue is making sure that personal creative expression does not 
compromise sustainability. Architectural beauty is a very personal concept influenced by 
cultural background, personal experience, and society standards; hence, it is somewhat 
flexible  [6]. Another important consideration is proportion, which is typically derived from 
classical ideals of harmony and balance although modern architecture often pushes these 
boundaries to investigate more expressive and unusual shapes  [7]. As a complement to 
human taste, color helps to create the mood of a place and arouse strong emotions. Still, one 
also has to take the materials' and finishes' environmental impact into account. Probably the 
most crucial component of sustainable design, material choice greatly affects the 
environmental impact of a construction. Individual tastes may prioritize esthetic appeal over 
environmental responsibility, therefore using less sustainable materials  [8].  
This study is a part of a larger project investigating how AI may solve the issues resulting 
from personal aesthetic preferences and enhance tailored architecture design. It combines 
knowledge of architecture and information technology to look at how AI may support 
flexible, responsive, sustainable design solutions. The main goal of the study is to investigate 
how AI may close the gap between human preferences and sustainable architecture design so 
enabling architects to develop individualized places that combine aesthetic requirements with 
environmental goals. With an eye on balancing competing needs and fostering innovation in 
human-centered sustainable design, the study centers on AI's ability to spot trends in 
architectural designs, personal preferences, and sustainability criteria. 

2 The Integration of AI in Architecture 
Including AI into architectural design presents a transforming potential to satisfy 
environmental goals and human preferences at the same times. AI enables more customized 
approaches that balance human preferences with environmental concerns, hence improving 
the design process [2]. By means of analysis of vast data, AI may identify architectural 
aesthetic trends including attractiveness, proportion, color, and material choices. By means 
of machine learning techniques taught to grasp human preferences, architects can design 
consistent with the aesthetic inclinations of their clients  [9]. This method guarantees that the 
final result satisfies both long-term sustainability objectives and personal tastes in addition 
to accelerating the design process. By means of specified criteria, such as aesthetic 
preferences, AI-powered generative design enables architects to investigate a broad spectrum 
of design possibilities while complying to environmental standards [2]. As AI advances 
architectural design, it offers a more dynamic and flexible method that naturally includes 
personal preferences into the completed project. This not only motivates creativity but also 

ensures that designs meet the particular needs of consumers. Architects might lower prejudice 
and produce designs appealing to a larger audience by teaching A systems on big datasets 
and including several aesthetic points of view  [10,11]. 

3 AI Insights in Style Recognition 
By means of data-driven analysis and learning to identify design patterns from vast databases 
of buildings, design components, and architectural styles, AI recognizes architectural styles. 
This method combines several important approaches. 

• Training on Architectural Data (TAD). where AI models are taught on enormous 
databases including images, blueprints, 3D models, and textual construction 
descriptions. Architectural styles—e.g., Modernist, Postmodernist, and De-
constructivism—are separated from one another in these datasets so that AI may 
learn their particular traits. 

• Pattern Recognition. where AI picks out visual features including form, symmetry, 
color, and material use. By means of deep learning techniques including 
Convolutional Neural Networks (CNNs), AI may identify minute differences 
between architectural styles by correlating design components such as columns, 
arches, or glass facades with certain styles [10,11]. 

• Natural Language Processing (NLP). clarifies architectural styles for AI. This 
helps one to understand the historical background, significance, and functional 
elements defining the style of a construction  [12]. 

• Generative Adversarial Networks (GANs). AI methods allowing creative 
architectural design. 

• Cultural and Regional Influence (CRI). where AI evaluates regional variations in 
building styles and cultural and geographical effects. AI might identify, for instance, 
geometric motifs in UAE Islamic buildings or simple designs typical of Scandinavian 
architecture  [13]. 

 
By learning from a wide spectrum of data using these techniques, AI enables a complete 
awareness of architectural styles and supports creative design ideas. The present work used 
TAD techniques to translate textual descriptions of human preferences into designs 
expressing several architectural forms  [14]. A multi-step method is training AI models 
utilizing architectural data (TAD) to distinguish between styles. Data collecting starts it; it 
involves compiling vast collections of various architectural images depicting numerous styles 
(Modernist, Postmodernist, and De-constructivism) and classifying them using metadata 
(style, location, and historical context). Covering geographic areas, historical periods, 
building kinds (residential, commercial, industrial), and architectural features (facades, 
interiors, details), data variety is vital. The collected data is preprocessed using picture 
scaling, data augmentation (rotation, flipping, color trembling), and pixel value 
normalizing [14,15] in order to standardize and improve dataset quality. 
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Fig. 1. Research methodology flowchart. 

4 Methodology 
The study assessed whether AI could understand and interpret sustainable building design 
using a quantitative methodology. The study examined how AI might identify and extract 
from the works of architects from many architectural movements keywords and phrases 
suggesting personal preferences. The study concentrated on movements like biomimetric 
architecture, de-constructionism, and postmodernism (Fig. 1). As Table 1 and 2 show, two 
key architects from every movement were selected for further investigation. Using artificial 
intelligence, notable themes and phrases produced by the architects—including beauty, 
proportion, color, and materials—were found. These keywords were used to develope images 
using the GizAI program, which also evaluates their influence on personal tastes. Based on 
the obtained keywords and phrases, GizAI produced images that were subsequently matched 
to the actual designs of the selected architects. The study aimed to find whether the AI-
generated designs matched the architectural trends of every movement or if the keywords 
suggested personal preferences unrelated to any particular architectural classification. The 
work advances the subject of architecture by showing how AI may be utilized to strike a 
compromise between often competing objectives of human preferences and sustainable 
design. It highlights how AI can evaluate vast information on architectural styles, personal 
aesthetics, and sustainability ideas, therefore providing architects with tools to create unique 
designs that fit environmental goals and also match individual preferences. 
Data-related constraints include bias training data, low picture quality, limited geographical 
coverage, and historical context gaps. Technical difficulties include limits to feature 
extraction, overfitting, scalability, and computational resource limitations. Furthermore, 
architectural knowledge is sparse since AI models struggle to grasp elements including 
historical, cultural, and social settings, stylistic uncertainty, developing architectural trends, 
and subtle nuances. These limitations underline the requirement of several datasets, transfer 
learning, regularization techniques, and human-AI cooperation to raise model accuracy and 
adaptability. 

Table 1. Classification of architectural movements and representative. 

Movement Architect 

Postmodern Architecture Charles Moore 
Michael Graves 

De-construction Architecture Frank Gahry 
Zaha Hadid 

Biomimicry Architecture Santiago Calatrava 
Pierre de Meuron 

 

Table 2. Classification of architectural movements and representative project examples. 

Movement Selected project examples 

Postmodern 
Architecture 

Sea Ranch, California (1960s) 
Kresge College, University of California, Santa Cruz (1970s) 
Beverly Hills Civic Center (1990s) 
Piazza d’Italia, late (1970s) 
Portland Building, Portland, Oregon (1982) 
Philadelphia Gallery Tower, Philadelphia (1987) 
The Denver Public Library, Denver (1995) 
The Walt Disney World Swan and Dolphin Hotels, Orlando 
(1990) 

De-construction 
Architecture 

Guggenheim Museum, Bilbao (1997) 
Walt Disney Concert Hall, Los Angeles (2003) 
Louis Vuitton Foundation, Paris (2014) 
Dancing House, Prague (1996) 
Fish Sculpture, Barcelona (1992) 
8 Spruce Street (New York by Gehry), New York (2011) 
Heydar Aliyev Center, Baku (2012) 
MAXXI Museum, Rome (2010) 
Guangzhou Opera House, China (2010) 
Vitra Fire Station, Germany (1993) 

Biomimicry 
Architecture 

Milwaukee Art Museum, Wisconsin (2001) 
City of Arts and Sciences, Valencia (1996-2009) 
Turning Torso, Malmö (2005) 
Liège-Guillemins Railway Station, Belgium (2009) 
World Trade Center Transportation Hub, New York (2016) 
Lyon-Saint Exupéry Airport TGV Station, France (1994) 
Tate Modern, London (2000) 
Allianz Arena, Munich (2005) 
Elbphilharmonie, Hamburg (2016) 
Perez Art Museum, Miami (2013) 

5 Results and Discussion 

5.1 Keywords Clustering  

Across architectural trends, AI showed a great potential to cluster words linked to human 
preferences including beauty, proportion, color, and materials. Using TAD, the AI looked at 
how architectural movements comprehended elements like beauty and proportion, therefore 
establishing the relevance of each choice. As shown in Figure2, AI's analysis of 
postmodernism revealed that when defining beauty, this movement gives historical 
references, personal experience, emotional connection, and striking geometric forms top 
priority. This ending makes sense given many modernist buildings, which mimic theater sets, 
put visual attractiveness above structural purity  [16]. 
While color was connected with expressive, emotional impact, postmodernism also gave 
tremendous attention on human size and contextual relevance in proportion. Regarding 
materials, AI stressed, as shown by the works of Charles Moore and Michael Graves, material 
interaction, lightness, and the dynamic expression of form and structure. These findings help 
to justify the idea that postmodern architecture serves as a narrative tool by means of aesthetic 
decisions, therefore expressing complicated cultural meanings  [17].  
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Other architectural forms, such de-constructivism and biomimetic design, have shown AI's 
ability to cluster important phrases. De-constructivism embraces complexity and uncertainty 
to question architectural standards of beauty and proportion by means of fractured shapes 
and a rejection of traditional symmetry. Frank Gehry and other architects who challenge 
conventional harmony therefore allow a dynamic visual experience in which beauty results 
from disarray  [18]. Biomimicry, meantime, finds inspiration in nature in order to produce 
environmentally friendly products that complement their surroundings. Stressing functional 
beauty and environmental awareness, architects like Santiago Calatrava and Pierre de 
Meuron use biomimicry ideas to include natural forms into their work  [19]. 

 
Fig. 2. Postmodern movement analysis. 

5.2 AI Image Generation  

The study also looked at how AI might generate visual designs depending on keywords linked 
to environmental data, cultural situations, and personal preferences. The study found notable 
results on AI's ability to translate these keywords into aesthetically consistent designs using 
the GizAI tool. As illustrated in Fig.3, from three different stimuli, AI was able to create 
exactly same images. The first question simply used words to convey beauty; the second and 
third questions contained specific architectural movements and architect names in their 
descriptions. When AI created designs utilizing deconstructivist concepts, for example, the 
results focused on fluidity, geometric intricacy, and dynamic form. The designs produced 
modified to reflect her unique asymmetry and complex, non-linear architecture when the 
name Zaha Hadid was included into the question. In the case of biomimetic architecture, too, 
AI first focused on ideas of structural dynamism and harmonic resonance. Typical of 
Santiago Calatrava's approach, the designs grew more sculptural and organic as his name was 
revealed. Data scientists and architects will help to inspire creativity in environmentally 
friendly, human-centered design. These results show how well AI can assess large amounts 
of data as well as create relevant visual representations in line with different architectural 
trends and personal designs. By enabling architects to combine modern aesthetics with 
cultural relevance and environmental concepts, the ability to link human preferences with 

architectural trends opens fresh chances for AI-assisted design. By including personal 
preferences into design development, AI addresses long-standing debates about agility, 
lightness, and fluidity in the framework of sustainability and offers opportunities for more 
adaptable and human-centered architecture. Along with novel ideas on how people view 
beauty, proportion, color, and materials in architecture, the study also suggests artificial 
intelligence-driven generative design as a tool for building customized, sustainable homes. 
Moreover, it emphasizes the possibility for multidisciplinary collaboration between data 
scientists and architects to propel creativity in environmentally friendly, human-centered 
design. 

 

 
Fig. 3. AI-generated images created based on three distinct prompts. 

Advanced image processing methods will take front stage in the next phase of research. 
Except for buildings, this will cover scaling, background removal, grouping, and neutralizing 
of image elements—that is, removing colors and other distracting components. These actions 
should greatly improve the artificial intelligence's capacity to understand cues on 
architectural design and personal preferences. This will also improve and simplify the 
procedures of analysis and similarity testing. This study is on subjective and challenging to 
measure human or personal preferences. Analyzing several objective criteria of AI-driven 
designs statistically helps to improve practical applications. This means aggregating 
environmental impact assessments, energy-efficient policies, socioeconomic factors like 
tenant satisfaction and community involvement, and Design parameters may be optimized 
using Building Information Modeling (BIM), simulation tools, and machine learning 
methods. By means of a multidimensional approach, researchers can objectively investigate 
the sustainability benefits and other objective characteristics of AI-generated designs, 
therefore bridging the gap between innovation and environmentally responsible architecture. 
Complete, sustainable, and human-centered architectural solutions will come from future 
studies combining architectural understanding of visual and spatial design with AI's data-
processing capabilities. 
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6 Conclusion  
The study investigates how artificial intelligence (AI) might revolutionize tailored and 
environmentally friendly architectural design. The paper highlights how AI can examine 
large databases and identify trends in personal tastes for materials, color, proportion, and 
attractiveness. Through allowing architects to create tailored, responsive surroundings, AI 
offers a fresh, user-centered approach to architectural design. Still, more research is required 
to find out whether AI can evaluate and analyze visual similarity—a crucial component of 
present efforts. The study also highlights the prospect of multidisciplinary collaboration 
between data scientists and architects, therefore fostering more industry innovation. 
Combining AI's data-processing abilities with architectural expertise in visual and spatial 
design will enable future studies to produce more thorough, sustainable, and human-centered 
architecture solutions. 
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