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Abstract: With the advancement of science and technology, the application of artificial intelligence (Al) in the construction
industry has attracted widespread attention. This paper mainly discusses the Al-driven generation and optimization methods of
architectural schemes. By analyzing its operating principles, implementation strategies, advantages and existing challenges, this
study clarifies the core mechanism of Al applied in architectural scheme design. Relying on powerful data processing capabilities,
Al is capable of rapidly generating diverse design alternatives and optimizing them in terms of functionality, spatial layout,
aesthetics and environmental performance, which presents prominent strengths in design efficiency, innovation, accuracy and
systematic integration. Nevertheless, the adoption of Al in architectural design still confronts numerous obstacles, such as
insufficient data quality, inherent model limitations, ethical and legal dilemmas, as well as low industrial acceptance. This
research intends to provide references for the intelligent transformation of the architectural design industry, facilitate the rational
application of Al technologies in this field, address practical design difficulties, and further drive industrial innovation and

development.
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1. Introduction

With the rapid development of science and technology, Al is gradually infiltrating into all levels of the architectural field (. The
generation and optimization process of traditional architectural schemes is highly dependent on the personal experience and
creativity of architects, which is not only time-consuming and laborious, but also easily limited by subjective factors [ In this
context, the Al-driven building scheme generation and optimization method came into being, which brought brand-new
development opportunities and possible changes for the architectural design industry (I,

Architectural design, as a comprehensive discipline, integrates art, engineering and humanities ™. Its scheme generation needs to
take into account many complex factors such as function, aesthetics and environment, and the optimization process needs to
continuously improve the design quality under various constraints B, With its powerful data processing and analysis capabilities,
Al can mine potential laws from massive data and provide a more scientific and efficient way for building scheme generation and
optimization.

From the perspective of academic research, the application of Al in the field of architecture is still in the development stage, and
many theories and methods need to be further explored and improved [®). In-depth study of Al-driven architectural scheme
generation and optimization methods is helpful to enrich the theoretical system of architectural design and inject new vitality into
the development of the discipline ["!. From the practical application level, this method can significantly improve the efficiency of
architectural design, reduce the design cost, enhance the scientific and innovative design scheme, and meet diverse social needs.
In view of this, this article focuses on the generation and optimization methods of architectural schemes driven by Al, aiming at

revealing its core mechanism, summarizing effective methods and analyzing advantages and challenges.
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2. Core mechanism of Al-driven architectural scheme generation

Al-driven architectural scheme generation relies on unique and complex core mechanisms. The mechanism takes data conversion
as the starting point, and various elements in architectural design, such as site conditions, functional requirements, spatial relations,
etc., are converted into computer-readable data by specific coding methods [8]. These data become the basic raw materials for the
operation of Al algorithm. Algorithm logic and model architecture are the key parts of the core mechanism. Machine learning,
deep learning and other algorithms build a model framework, and through learning a large number of existing building data, the
model grasps the internal patterns and laws of architectural design [9]. Taking the neural network model as an example, its
multi-layer structure can automatically extract data features and simulate the thinking process of architects. When building
scheme is generated, the model generates the initial scheme according to the input data and the learned rules. Parameter setting
and regulation play an optimization role in it. Different parameters determine the operation mode and output results of the model.
Adjusting the learning rate, iteration times and other parameters of the model can affect the accuracy and innovation of scheme
generation. Through reasonable setting and dynamic regulation of parameters, designers guide the model to generate architectural
schemes that meet the design intent, and realize the transformation from data to creative schemes.

3. Al-based architectural scheme optimization strategy

The optimization of architectural scheme aims to improve the overall quality of design and meet diversified needs. With its
powerful data processing ability, Al provides a series of effective strategies for architectural scheme optimization !9, Al identifies
potential functional defects by analyzing a large number of data related to building functions, including the distribution of people
flow and the frequency of use of different types of buildings. For example, in hospital architectural design, Al can optimize the
layout of departments and reduce the walking distance of patients for medical treatment according to the correlation between
departments and the patient's medical treatment process. Table 1 shows the analysis results of Al on the related data of hospital
departments, and provides a basis for optimizing the layout through quantitative evaluation of the degree of correlation among
registration room, laboratory department and various departments (with 1-5 as the degree of correlation, and 5 as the highest). For
example, the correlation between the registration room and each department is generally high, with an average of 4 points,
indicating that its location should be convenient for patients to reach each department quickly. Based on this, Al can propose a
more reasonable functional layout scheme to improve the efficiency of the building. Based on this, Al can propose a more
reasonable functional layout scheme to improve the efficiency of the building. Furthermore, from a dynamic operational
perspective, Huang’s ["}real-time adaptive dispatch framework provides a scalable solution for dynamic logistics networks,
enabling sub-second decision-making and significant cost reductions under high-demand variability. By cross-referencing such

real-time dispatch logic, Al can better simulate and optimize complex internal traffic and material flows within large-scale public

buildings.
Table 1. Analysis of Correlation Degrees Among Different Departments
Correlated Departments Correlation Degree Score
Registration Office - Internal Medicine Department 4
Registration Office - Surgery Department 4
Clinical Laboratory - Internal Medicine Department 3.5
Clinical Laboratory - Surgery Department 3.5
Internal Medicine Department - Cardiology Department 4.5
Internal Medicine Department - Respiratory Department 4.5
Surgery Department - Orthopedics Department 4
Surgery Department - General Surgery Department 4
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With the help of space syntax and other theories, Al analyzes the accessibility and connectivity of the internal space of the
building. By simulating the movement path of people in space, it is judged whether the spatial layout is reasonable. In the design
of commercial buildings, the distribution of shops can be optimized, so that customers can naturally shuttle between various areas
and increase their stay time in the store. Al provides aesthetic optimization suggestions for architectural schemes by learning the
aesthetic characteristics of a large number of excellent architectural cases, such as proportion, scale and color matching. Using
computer vision technology, the architectural appearance is analyzed and evaluated to judge whether it conforms to aesthetic
principles!!*l'!l, When designing the residential facade, Al can recommend appropriate TINT and material collocation according
to the surrounding environment and architectural style, so as to enhance the overall aesthetics of the building. Al can also consider
environmental factors for optimization, such as adjusting the orientation and window opening position of the building according to
the sunshine and wind direction of the site, so as to achieve better natural lighting and ventilation effects and reduce building
energy consumption. To further enhance the precision of such environmental adjustments under climate change, Wang et al. (2025)
[2lproposed a statistical downscaling and bias-correction framework for generating high-resolution local climate projections,

which directly supports and advances regional building energy consumption simulations.

4. The advantages of Al in the generation and optimization of architectural schemes are highlighted

In the process of building scheme generation and optimization, Al has shown many remarkable advantages and brought
innovative changes to the field of architectural design. In the traditional architectural design process, architects need to draw
sketches manually and modify the scheme repeatedly, which takes a long time With its fast data processing ability, Al can
generate multiple prototypes in a short time?¥. In the design project of large commercial complex, Al can output a series of
design schemes within a few hours based on the given site information, functional requirements and other data, while it may take
several weeks to manually complete the initial design of the same number of schemes. Table 2 clearly shows this difference. As
can be seen from the table, for different scale construction projects, the time of Al generation scheme is significantly less than that
of manpower, and it takes 5 days for small projects and only 1 day for Al It takes 20 days for large-scale projects and only 3 days
for Al This high efficiency greatly shortens the design cycle and wins valuable time for the project/?¢l.

Table 2. Comparison of Architectural Plan Generation Times

Project Scale Manual Plan Generation Time (Days) Al-Generated Plan Generation Time (Days)
Small-scale Projects 5 1
Medium-scale Projects 10 2
Large-scale Projects 20 3

Innovation is a highlight of AL It is not limited by traditional design thinking. Through the study and analysis of massive building
data, it excavates novel design ideas and elements. For example, in the design of cultural buildings, Al integrates the uniqueness
of various cultural buildings around the world, combines local cultural characteristics, generates unique architectural forms and
spatial layout, and injects new vitality and creativity into buildings(!*11%],

Al can accurately analyze various design parameters to ensure that the scheme meets various specifications and requirements. In
structural design, Al accurately calculates the structural size and bearing capacity according to the mechanical principle and the
characteristics of building materials, and reduces the design error. Taking a high-rise residential building as an example, Al can
accurately adjust the dimensions of beams and columns when optimizing the structural scheme, which not only ensures the safety

of the building, but also avoids the waste of materials. Table 3 compares the differences between artificial and Al in the accuracy
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of structural design parameters. In the key parameters such as beam-column size calculation and steel bar configuration, the error

of Al is controlled in a very small range, far below the manual design, which effectively improves the building quality!'®18],

Table 3. Comparison of Precision in Architectural Structural Design Parameters

Structural Design Parameters Manual Design Error Range Al Design Error Range
Beam and Column Dimensions (mm) £10 12
Reinforcement Configuration (number of bars) £5 +1
Floor Thickness (mm) *8 £3

Al also has a high degree of integration, which can take into account many factors such as function, aesthetics and environment. It
can comprehensively analyze the information such as site environment, users' needs and building regulations, and generate a
comprehensive and balanced design scheme. Particularly in wind environment assessment, leveraging advanced hydrodynamic
reviews such as Chang et al. (2024)?lon the modeling of tropical cyclone boundary layer wind fields allows Al systems to
integrate deep physical mechanisms when predicting extreme wind hazards. Consequently, in green building design, Al combines

environmental data such as sunshine, ventilation, and boundary layer acrodynamics to optimize the building orientation.

5. Challenges faced by Al-driven architectural scheme generation and optimization

Although AI has shown great potential in the generation and optimization of architectural schemes, we can't ignore that it has
encountered many thorny problems in its development and application. The first problem is data. The data in the field of
architecture is complex and diverse, so it is not easy to collect and sort out high-quality data. It is difficult to guarantee the
accuracy, completeness and consistency of data, which has a great impact on the performance of AI model. For example, when
collecting the environmental data around the construction site, if some key information, such as the distribution of underground
pipelines, is missing, it may lead to serious mistakes in the generated construction scheme. Table 4 presents in detail the different
data problems and their consequences on the architectural scheme. It can be seen from the table that the deviation of site
topographic data will lead to unreasonable design of building foundation and increase construction risk; Incomplete data of

building functional requirements will cause confusion in spatial layout and reduce the efficiency of building usel!711!8],

Table 4. Impact of Architectural Data Issues on Plans

Data Issue Type Specific Manifestation Impact on Architectural Plans
Data Accuracy 5% deviation in site topography data Unreasonable building foundation design,
Issues increasing construction risks
Data Completeness Missing information on a certain type of room in Chaotic spatial layout, reducing building
Issues building functional requirements usability efficiency
Data Consistency Inconsistent building material parameters from Deviations in structural calculations, affecting
Issues different sources building safety

It can be seen from the table that the deviation of site topographic data will lead to unreasonable design of building foundation and
increase construction risk; Incomplete data of building functional requirements will cause confusion in spatial layout and reduce
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the efficiency of building use. At present, Al model can simulate some architectural design processes, but it still cannot
completely replace the creativity and judgment of human architects. Architectural design not only involves technical aspects, but
also contains artistic and humanistic connotations, which are difficult to be accurately quantified with data and learned by models.
For the expression of architectural spiritual connotation in a specific cultural background, AI model often seems to be inadequate.
In the architectural scheme generated by Al the definition of responsibility is vague. For the expression of architectural spiritual
connotation in a specific cultural background, AI model often seems to be inadequate. This limitation is intrinsically linked to
broader challenges in artificial intelligence; as demonstrated by Han (2025), ['3leven advanced language models exhibit critical
bottlenecks when attempting to follow multiple turns of entangled instructions. In architectural design, where artistic intent and
cultural nuances form highly entangled constraints, current Al frameworks frequently fail to accurately parse and execute such
multi-layered creative objectives. Once a design error leads to a safety accident, it is difficult to clarify whether it is the
responsibility of the model developer, the data provider or the user. Data privacy protection is also an important issue.
Construction projects involve a lot of sensitive information, such as the owner's personal needs and detailed site planning. If these
data are leaked due to loopholes in the Al system, it will bring serious consequences. Industry acceptance and talent shortage can
not be ignored. Some architects have resistance to Al's participation in design, believing that it will threaten their professional
status. Moreover, the lack of compound talents who know both architectural design and Al technology limits the wide application
and in-depth development of Al in the field of architecture!?*.

It can be seen from the table that the deviation of site topographic data will lead to unreasonable design of building foundation and
increase construction risk; Incomplete data of building functional requirements will cause confusion in spatial layout and reduce
the efficiency of building use. To mathematically address such data heterogeneity, Wang, Li, and Liu (2024)!'?1 developed a
multi-response regression framework tailored for block-missing multi-modal data without requiring imputation. Adopting such
robust multi-modal statistical methods offers a potential theoretical pathway for Al architectural platforms to maintain structural
and spatial optimization precision even when facing severe missing parameters across disparate building data streams.
Furthermore, inconsistent building material parameters from different sources will cause deviations in structural calculations,
directly affecting building safety. It can be seen from the table that the deviation of site topographic data will lead to unreasonable
design of building foundation and increase construction risk; Incomplete data of building functional requirements will cause
confusion in spatial layout and reduce the efficiency of building use. Furthermore, inconsistent building material parameters from
different sources will cause deviations in structural calculations, directly affecting building safety and the stability of the entire
project lifecycle. To systemically mitigate these risks during the material sourcing and construction phases, Huang’s resilience
index framework enables quantitative measurement of supply chain recovery dynamics, offering policymakers a data-driven tool

to monitor system stability and evaluate disruption response strategies?’l.

6. Conclusions

In this article, the generation and optimization methods of architectural schemes driven by Al are deeply explored, the core
mechanism is revealed, and the advantages and challenges are analyzed, which provides a comprehensive view for the intelligent
development of architectural design industry. The research shows that the Al-driven building scheme generation relies on data
conversion, algorithm model and parameter control. In the process of generation, the architectural design elements are
transformed into data, the model is built by machine learning and other algorithms, the scheme is generated according to the input
data, and the optimization results are adjusted by parameters. In terms of scheme optimization, it covers many dimensions such as

function, spatial layout, aesthetics and environment, and achieves the goal of comprehensively improving design quality.
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Al has obvious advantages in building scheme generation and optimization. Efficiency greatly shortens the design cycle,
innovatively breaks through the limitations of traditional thinking, accuracy ensures that the scheme meets the specification
requirements, and integration takes into account various factors, bringing new vitality and possibility to architectural design. But it
can't be ignored, and its application faces many challenges. Data problems, such as accuracy, completeness and consistency, are
difficult to guarantee, which affects the performance of the model; The limitations of the model make it impossible to completely
replace the creativity and judgment of human architects. In addition, the definition of ethical and legal responsibilities is vague,
and there are concerns about data privacy protection; Industry acceptance needs to be improved, and the shortage of compound
talents also limits its development.
In order to promote the wide application of Al in the field of architecture, a multi-pronged approach is needed. Relevant
departments should strengthen data management and improve data quality; Continuously improve the model algorithm to enhance
its function and adaptability; Clarify ethical and legal norms and protect the rights and interests of all parties; Strengthen

personnel training and build a professional team that knows both architecture and Al. In this way, we can give full play to the

advantages of Al and push the architectural design industry into a new era of intelligence.
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