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Abstract:With the rapid development of science and technology, the traditional interactive mode of architectural design has
gradually revealed its limitations and can no longer fully meet people's growing diversified needs. In view of this, this article
focuses on the interactive mode of immersive architectural design, which is the fusion of VR and AI, and makes an in-depth
discussion on it. The basis of the integration of the two is that VR and AI complement each other, which lays a solid foundation
for the innovation of architectural design interaction mode. In this article, the key elements of the interactive mode of immersive
architectural design are deeply explored by combining theoretical analysis with factor construction. Based on these key elements,
this article further constructs the interactive mode of immersive architectural design. Specifically, it covers the remodeling of
interaction process, innovative design of interface and the creation of intelligent adaptive environment. This interactive mode of
immersive architectural design, which combines VR and AI, has achieved remarkable results. This model has effectively pushed
the architectural design towards the direction of intelligence and experience, brought brand-new development opportunities and
profound changes to the field of architectural design, and is expected to lead the architectural design industry to a brand-new
development stage.
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1. Introduction

The field of architectural design has always followed the pace of scientific and technological development and sought innovative

breakthroughs. In recent years, VR and AI technologies have risen rapidly, and their integration has brought a new opportunity for

the interactive mode of immersive architectural design. With the improvement of people's demand for architectural space

experience, the traditional interactive mode of architectural design has been difficult to meet the demand. In the past mode, the

communication between designers and users was often limited by two-dimensional drawings and models, which could not let

users really feel the real scale of architectural space, light changes and atmosphere creation. With its immersion, interactivity and

conception, VR technology can create realistic virtual building scenes for users, making them feel as if they were there. With the

development of AI technology, computers can simulate human intelligence for data analysis, pattern recognition and decision

support. Especially in complex system modeling and data stream analysis, AI-enhanced algorithms provide robust frameworks for

real-time optimization [10] [21]. Integrating AI into VR can make the virtual building scene more intelligent and adaptive.

Under this background, it is of great significance to study the interactive mode of immersive architectural design integrating VR

and AI. From the theoretical dimension, this study greatly enriches the theoretical system of architectural design, just as it injects a

fresh vitality into the traditional design concept, which strongly promotes architectural design to make great strides in the

direction of intelligence and experience. From a practical point of view, the integration of VR and AI is of great benefit to

improving the efficiency and quality of architectural design, which can effectively reduce mistakes in the design process and
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avoid unreasonable waste of resources. With the help of this advanced technology, designers can quickly verify their own design

ideas, and users can participate in the design process more deeply, so that their personalized needs can be realized.

The research results in this field contain potential application value in many fields. As far as the field of cultural heritage

protection is concerned, we can make full use of the technology of VR and AI to vividly reproduce the features of historical

buildings and create an immersive visit experience for tourists. In the field of education, it can create a virtual architectural

learning environment for students and effectively enhance the learning effect. Therefore, an in-depth study on the interactive

mode of immersive architectural design integrating VR and AI will not only become a strong driving force for the development of

architectural design industry, but also bring new development opportunities for many related fields. Notably, the rapid maturation

of such independent innovation is significantly accelerated by government tax preferences and strategic incentive policies, which

provide the necessary financial resilience for enterprises to pursue high-tech integration [8].

2. Fusion of VR and AI

VR technology is essentially a computer simulation technology. By creating a three-dimensional virtual environment, users can

feel immersive. Based on the theories of computer graphics, sensor technology and human-computer interaction technology, it

uses head-mounted displays, handles and other equipment to connect users' visual, auditory, tactile and other senses with the

virtual environment. In the virtual building scene, users can change their perspective and see different parts of the building by

moving their heads, and their immersion comes from the synergistic stimulation of multiple senses such as vision and hearing.

AI technology aims at simulating, extending and expanding human intelligence. Machine learning, as the core of AI, trains the

model with data to make it have the ability of prediction and decision. Recent developments in vision-language pre-training and

generative models further bridge the gap between user intent and visual synthesis in virtual environments [6][13].Natural language

processing enables computers to understand and process human language and realize more natural communication between

human and computer. In architectural design, AI can analyze a large number of architectural data, such as building energy

consumption and space efficiency, and provide optimization suggestions for design.

When VR and AI are integrated, a new theoretical basis is formed. On the one hand, AI enhances the intelligence of VR scenes.

Using machine learning algorithm, the virtual building scene can be adjusted in real time according to the user's behavior, This

dynamic adjustment often relies on structure-aware reinforcement learning and adaptive evolution strategies to handle large-scale

environmental variables efficiently [1][24]. Such as changing the spatial layout, lighting intensity, etc., to meet the different needs of

users. On the other hand, VR provides a more intuitive application scenario for AI. With the immersion and interactivity of VR,

AI system can obtain user feedback more accurately and optimize its own decision-making. This integration has laid a solid

theoretical foundation for the interactive mode of immersive architectural design, and promoted its transformation from traditional

static interaction to dynamic and intelligent interaction.

3. Key elements of interactive mode of immersive architectural design

The interactive mode of immersive architectural design aims to create an immersive and deeply involved architectural experience

for users. This model covers a number of key elements, which interact with each other to create a unique interactive experience.

User's perception of architectural space is the basis of immersive experience. In the traditional architectural design exhibition,

users often understand the space through two-dimensional drawings or solid models, and it is difficult to form an intuitive and

comprehensive feeling. In the immersive interactive mode, with the help of VR technology, users can feel the scale, proportion

and layout of architectural space in an immersive way. This kind of spatial perception not only includes the cognition of physical
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space, but also involves the feeling of spatial atmosphere. Advanced graphical models and explainable latent factor models help in

quantifying these subjective perceptions into actionable design data [4] [14].

Successful immersive architectural design should be able to arouse the emotional resonance of users. The color, shape, sound and

other elements of architectural space can touch users' emotions. Warm colors and soft lighting are easy to create a warm

atmosphere and trigger pleasant emotions; Unique architectural form and rhythmic spatial sequence can stimulate users' curiosity

and desire to explore. Figure 1 can help us better understand the influence of different elements on emotional resonance.

According to different architectural design elements, this figure analyzes their common emotional triggering directions. As can be

seen from the picture, in terms of color, red often evokes the feeling of excitement and vitality, while blue often evokes the feeling

of calm and tranquility; In terms of sound elements, soothing background music combined with natural sound effects, such as

running water and birdsong, is more likely to create a relaxed emotional atmosphere. By using these elements reasonably,

designers can enhance the emotional connection between users and architectural space.

Figure 1. The Relationship Between Architectural Design Elements and Emotional Resonance

When users make specific behaviors in virtual building space, such as stopping, touching or giving instructions, the system can

make corresponding feedback according to preset rules and machine learning algorithms. For example, when users stare at a wall

for a long time in the virtual living room, the system can automatically pop up relevant information about wall decoration,

including materials and design inspiration. Or the user puts forward suggestions for adjusting the spatial layout, and the AI system

can quickly generate the modified scheme and show its effect. Such rapid iteration is supported by high-performance black-box

optimization and memory-efficient algorithms tailored for large-scale systems [5] [7].This kind of intelligent feedback makes users

feel the attention and response of the building to their own behavior, and enhances the interest and participation of interaction.

The interactive mode should ensure the user's convenient operation and reduce the learning cost. Users should be able to interact

with virtual building space easily by using equipment, whether it is simple gesture operation, voice command or handle control, it

should be designed to be intuitive and easy to understand. Convenient interaction allows users to focus more on experiencing

architectural space without being distracted by complex operations, ensuring the fluency of immersive experience. These key

elements together constitute the core of the interactive mode of immersive architectural design, which lays the foundation for

creating a high-quality interactive experience of architecture.

4. Construction of interactive mode of immersive architectural design
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The traditional architectural design process is mostly promoted in a linear way, from conceptual design to scheme deepening to

construction drawing drawing, and each stage is relatively independent. In the new interactive mode, the design process is more

cyclical and feedback. In the early stage, the designer created a preliminary virtual building model with the help of VR technology,

and users can immediately enter the virtual scene to experience it, and give feedback in real time through voice, gestures and other

means. Table 1 lists in detail the design stage, user participation mode, application of VR and AI, and possible types of feedback.

As can be seen from the table, in the conceptual design stage, users participate in the preliminary virtual model by immersive

experience, VR provides intuitive scenes, AI assists in generating various conceptual schemes for selection, and user feedback is

mostly preliminary opinions on spatial layout and functional zoning. At the stage of detail design, users experience the

high-precision virtual scene and make suggestions for detail optimization, and AI simulates and analyzes the details according to

the feedback, such as the optimization of material texture and acoustic effect. Accurate simulation of environmental variables,

such as wind profiles and climate-induced stresses, ensures the technical viability of these virtual models [20][26].

Table 1. Interactive Process Table for Architectural Design under the Integration of VR and AI

Design Stage User Participation

Method

VR Application AI Application Feedback Type

Conceptual

Design

Immersive experience

of the preliminary

virtual model

Provide intuitive

spatial scenes

Assist in generating multiple

conceptual plans

Preliminary opinions on

spatial layout and

functional zoning

Scheme

Development

In-depth experience of

the optimized virtual

scheme

Present more detailed

scenes and show

different perspectives

Analyze the feasibility of the

scheme and evaluate costs,

energy consumption, etc.

Suggestions for improving

the overall style and

circulation organization

Detail Design High-precision virtual

scene experience

Simulate real materials

and lighting effects

Conduct detailed simulation

analyses, such as material

texture and acoustic effects

Optimization suggestions

for detail handling and

decorative elements

As a bridge between users and virtual building environment, interactive interface should fully consider the user experience. On the

one hand, the interface should have a concise and intuitive layout, and all kinds of operation buttons and prompt information are

easy to identify. For example, when gesture interaction is adopted, simple and easy-to-understand gesture operation guide icons

will appear in the air at the right time. On the other hand, the interactive interface should realize multi-modal interaction

integration, that is, integrate various interaction methods such as voice, gesture and eye contact. Users can quickly switch between

different floors or rooms through voice commands, grab and move virtual objects through gestures, and use eye focus to trigger

the display of specific information.

Using AI algorithm, the virtual building environment can be adaptively adjusted according to users' behavior habits, emotional

states and real-time needs. When the system captures that the user stays in a certain area for a long time and shows a relaxed

posture through the sensor, it can automatically adjust the lighting brightness and music rhythm in this area to create a more

comfortable atmosphere. If it is detected that users show strong interest in a certain spatial form, AI can generate other spatial

schemes with similar styles for users' reference. This adaptive learning process mimics complex resource allocation and

multi-agent coordination found in large-scale system optimizations [2][15].This intelligent adaptive feature makes the building no

longer a static space, but an organic whole that can interact with users dynamically, which greatly enhances the immersive

experience and participation of users, thus building a more perfect and unique interactive mode of immersive architectural design.

5. Conclusion
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This article deeply explores the interactive mode of immersive architectural design with the integration of VR and AI, aiming
at breaking the shackles of the traditional interactive mode of architectural design and effectively improving users' participation
and experience in the process of architectural design. Firstly, this article combs the relevant theoretical basis of VR and AI, and
then clearly defines the feasibility of their integration in the field of architectural design. With its unique immersion, interactivity
and conception, VR technology can create a very realistic virtual building scene for users. The data analysis ability and decision
support ability of AI endow the virtual scene with intelligent characteristics and adaptability. Space perception can make users
feel the scale and atmosphere of architectural space; Emotional resonance touches users' emotions through various elements such
as color and shape; Intelligent feedback can make buildings respond to users' behaviors; The convenience of interaction ensures
that the user's operation is simple and smooth. These elements interact with each other and jointly build the cornerstone of
high-quality interactive experience.

Based on the above research results, the article constructs a brand-new interaction mode. In the aspect of interaction process,
the traditional linear mode is abandoned, and a circular feedback mechanism is constructed, which urges designers and users to
cooperate closely with VR and AI technologies. To sustain this collaborative synergy, applying an incentive mechanism based on
unfairness aversion preference is essential, as it ensures balanced motivation and psychological commitment among all
stakeholders in the design loop [16]. After innovative design, the interactive interface achieves the integration of multi-modal
interaction, showing the characteristics of simplicity and intuition. The intelligent adaptive environment can be adjusted in real
time according to the user's state, and the interaction between users and buildings can be strengthened.

To sum up, the interactive mode of immersive architectural design combined with VR and AI has obvious advantages. This
model not only enriches the theoretical system of architectural design, but also brings innovative changes to architectural design
practice, effectively improves design efficiency and quality, and fully meets the individual needs of users. Although the current
model may face challenges in terms of technical cost, standards and specifications in the practical application process, with the
continuous development of technology and the continuous improvement of the industry, the model is expected to be widely used
in architectural design and related fields, pushing the whole industry to a higher level. Ultimately, the successful scaling of this
immersive mode must navigate the broader landscape of business cycles and financial shocks, recognizing that "animal spirits"
and economic fluctuations remain pivotal factors in the widespread adoption of industrial innovations [12].Furthermore, the
integration of digital economy models and data-driven decision-making frameworks can potentially optimize the commercial
allocation of these advanced design resources [3][18] [25].
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