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Abstract. In recent years, with the rapid development of artificial intelligence 

technology, the field of interior design has begun to widely apply artificial 

intelligence technology, which is based on the fact that artificial intelligence 

technology possesses both advanced technical performance and multiple functions. 

Machine learning algorithms as an important technical field of artificial 

intelligence, its application in interior design is still in the exploratory stage, but 

has great potential for development. This paper introduces the basic concepts of 

machine learning algorithms, analyzes the current situation of interior design as 

well as the development and challenges of artificial intelligence control technology. 

It focuses on the specific application of machine learning algorithm technology in 

interior design, emphasizing the innovation and application prospect of its research. 

Finally, it summarizes the results of existing research and discussion, emphasizes 

the importance and potential of machine learning algorithms in the optimization of 

interior space design, and proposes directions for further research and practice. 
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1. Introduction 

In today's era of rapid technological development, artificial intelligence technology has 

become a key driving force in many fields. As a discipline that integrates art and 

science, interior space design is constantly seeking innovation and improvement, and it 

has also begun to gradually utilize AI technology to enhance the design effect and user 

experience[1]. Interior space design is a comprehensive field that needs to consider not 

only aesthetics and functionality, but also people's needs and comfort. By combining 

machine learning algorithms in AI technology with interior space design, we can better 

meet the personalized needs of users and improve the sustainability of the space. 

First of all, machine learning algorithms have demonstrated strong capabilities in 

data processing and analysis. It can help interior designers extract valuable information 

from a large amount of data, such as user behavior patterns, environmental data, and 

building information models. Second, machine learning algorithms also play an 

important role in perception and control. Sensors and smart devices can collect 

real-time data, such as temperature, light, and sound, to automatically sense and 

 
1 Jingyong HUANG, Architecture and Design College, Nanchang University, No999 Xuefu Avenue 

Honggutan New District, Nanchang 330031, Jiangxi, China, E-mail: 724507477@qq.com 

International Symposium on World Ecological Design
F. Ying et al. (Eds.)

© 2024 The Authors.
This article is published online with Open Access by IOS Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/FAIA240039

362



regulate the indoor environment[1] . Finally, machine learning algorithms open up 

creative possibilities for interior space design. By utilizing big data analytics and model 

generation, we can discover the patterns and trends hidden behind massive amounts of 

data, thus driving innovative design ideas and methods. However, despite the enormous 

potential of machine learning algorithmic techniques in interior space design, there are 

still many specific issues that need to be explored and resolved. For example, how can 

machine learning algorithms be applied to interior space planning and layout 

optimization? In terms of perception and adaptive control, how should we design 

intelligent systems to realize accurate perception and efficient control of the 

environment? etc. 

Therefore, the purpose of this study is to explore the application and development 

of machine learning algorithms in interior space design to solve the above problems. 

By reviewing the current status of research and development of AI technology in the 

field of interior space design over the past few years, we summarize the application 

areas of different technologies in design, and collect and organize the current research 

results, so as to promote the further development of this field. 

2. Overview of Machine Learning Algorithm Applications in Interior Space 
Design 

2.1. Overview of machine learning algorithms 

Artificial Intelligence (AI) technology is a category of technology that simulates and 

imitates human intelligence. It enables computers to simulate human thinking and 

decision-making processes and achieve autonomous learning, reasoning, and 

problem-solving capabilities through the use of machine learning, natural language 

processing, computer vision, and other related technologies[1] . Machine learning is a 

technology in the field of artificial intelligence that enables computers to learn from 

data and improve performance without being explicitly programmed by building 

algorithms using statistics and models[1]. Machine learning algorithms have the ability 

to automatically discover patterns and patterns in data and make predictions and 

decisions based on those patterns. Machine learning algorithms have achieved some 

positive results in interior space design, but there are still some challenges and 

shortcomings. For example, user privacy and security, and human-computer interaction 

coordination issues. However, overall, machine learning has great potential in interior 

space design, and further research and exploration are still needed to overcome the 

challenges and improve the applications. 

2.2. Development status of interior space design 

Interior space design is based on the building's environment, use and related standards, 

the use of physical technology, architectural design principles and techniques, to create 

a material and spiritual needs of people, functional and reasonable, comfortable and 

beautiful indoor environmental space[2]. The design of interior space in our country is 

diversified. At present, China's indoor space design presents diversification, practicality, 

environmental protection, technology and personalized integration and other 

characteristics. In recent years, with the development of society and people's pursuit of 

quality of life, interior space design will continue to move towards a more personalized, 
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intelligent and environmentally sustainable direction. The emergence of artificial 

intelligence technology for the development of interior design provides a strong 

technical means of support, so that the interior space design becomes more intelligent, 

personalized and efficient, creating more innovative possibilities and optimization 

opportunities.

2.3. Application of machine learning algorithm technology in interior space design

In the past few years, artificial intelligence control technology has made significant 

progress in the field of interior space design. Many research organizations and design 

firms have begun to apply AI control techniques to different aspects of interior space 

design. By reviewing the research and practice in the past few years, we can see that 

the application of machine learning algorithm techniques in interior space design is 

maturing and showing good development. In interior space design, AI control 

techniques cover a wide range of application areas. Among them, machine learning is 

one of the most common and important technologies. By using machine learning 

algorithms and big data analysis, designers can gain a deep understanding of users' 

needs and preferences, so as to provide personalized design solutions to meet the needs 

of different users. In addition, the application of computer vision technology in interior 

space design is becoming increasingly important. Through image recognition and 

analysis, computer vision technology can help designers better understand the details of 

spatial layout, furniture placement and other aspects, so as to optimize the design 

scheme. In terms of natural language processing, machine learning algorithms can 

interact with users through speech recognition and natural language understanding 

technologies and provide personalized design suggestions and solutions according to 

users' needs, and the application of these technologies also provides designers with 

more accurate and intelligent design solutions, which promotes the development of the 

field of interior space design.

3. Impact of Machine Learning Algorithm Technology on Interior Space Design 
Planning and Layout Optimization

3.1. Planning and layout of interior spaces using machine learning and optimization 
algorithms

Figure 1. Rough flow of interior space design using machine learning and optimization algorithms.

The first is data collection, as in Figure 1 collecting relevant data including indoor 

space dimensions, furniture layout, lighting conditions, ventilation, etc, which can be 

obtained through sensors, cameras, or information provided by users. The second is 

feature engineering, which transforms the collected raw data into features suitable for 

processing by machine learning algorithms[3] . For example, spatial dimensions are 

transformed into numerical features, and furniture layouts are transformed into 
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categorical features, which are transmitted to the computer for AI analysis. Next is 

model selection and training, where appropriate machine learning models, such as 

regression models, classification models or generative models, are selected according 

to the task requirements. Model training is performed using existing data, and the 

model is tuned according to the evaluation metrics. Further, optimization algorithms 

are applied, combining machine learning models and optimization algorithms to 

optimize the planning and layout of indoor spaces. Finally, it is the result evaluation 

and feedback, according to the optimized indoor space planning and layout, evaluation 

and feedback. User feedback or feasibility assessment indicators can be used to 

evaluate the advantages and disadvantages of the program, and adjustments and 

improvements can be made based on the feedback. 

3.2. Personalized interior space design using machine learning algorithms to analyze 
user behavior and preferences 

The first step is again data collection, which collects user behavioral data and 

preference information, including the user's activity trajectory in the indoor space, 

preferred type of furniture, and color preference. The data can be acquired through 

sensors, smart devices or questionnaires. Then model selection and training, 

appropriate machine learning models are selected based on user behavior and 

preference data, such as clustering models, recommender system models, or prediction 

models. Model training is carried out using the existing data, and the model is 

optimized. Based on the analysis results of the model, user behavior and preferences 

are applied to interior space design. According to the user's activity trajectory and 

preference, optimize the furniture layout, color matching and other aspects to meet the 

user's personalized needs. Finally, it is the result evaluation and feedback, which is 

based on the results of personalized space design. The design effect can be evaluated 

through user feedback or user satisfaction assessment indicators, and adjustments and 

improvements can be made based on the feedback. 

 
4. Application of Intelligent Sensing and Adaptive Control Technology in 
Indoor Space Design 

 
4.1 Utilize sensors and smart devices to collect data and sense changes in the indoor 
environment in real time 
 
Intelligent sensing and adaptive control technology can sense changes in the indoor 

environment in real time by utilizing sensors and smart devices (cell phones, computers, 

tablets, etc.)[4] . These sensors can include temperature sensors, humidity sensors, light 

sensors, sound sensors, etc, through the two blank panels as a "smart terminal", 

connected to the sensors and the wireless network set up by the router, composed of 

"smart home system" architecture, as shown in Figure 2. As shown in Figure 2. Using 

the temperature sensor, we can get the real-time temperature information of the room.[5] 

When the temperature exceeds the set range, we can get real-time information about 

the indoor temperature. When the temperature exceeds the set range, the system can 

automatically adjust the temperature of the air conditioner or heater to keep the room 

within a comfortable temperature range. The humidity sensor can monitor the change 

of indoor humidity. In case the humidity is too high or too low, the system can 
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automatically control the humidifier or dehumidifier to provide a suitable humidity 

environment. The light sensor can sense the light intensity in the room. When there is 

insufficient light, the system can automatically adjust the curtains, light brightness or 

use smart glass technology to ensure that there is enough light in the room. The sound 

sensor can sense the sound intensity in the room. When ambient noise exceeds a certain 

threshold, the system can automatically adjust noise reduction devices or provide a 

better sound experience through smart speakers. All of this can be accessed through a 

"server-side" cell phone or computer, connected to a router, allowing users to view the 

data remotely. 

 
Figure 2."Smart Home System" Architecture Diagram.  

4.2 Automatic adjustment of indoor space environment using artificial intelligence 
machines 

Firstly, by analyzing and modeling a large amount of data through machine learning 

algorithms, as shown in Figure 3, the system can learn the comfort needs of different 

environments and people's preferences. For example, the system can learn the user's 

comfort level in a specific temperature range based on the user's historical settings and 

feedback, and automatically adjust accordingly. Second, by connecting and synergizing 

with other smart devices, the AI system can acquire more information to achieve 

adaptive control. For example, by combining data on indoor temperature, humidity, and 

light with weather forecast data, the system can adjust the indoor environment in 

advance according to weather changes to provide a more comfortable experience. In 

addition, the AI system can further optimize the indoor environment by sensing the 

user's behavior and needs. For example, by using human sensors to monitor user 

activity, the system can automatically reduce indoor lights and sounds to provide a 

more tranquil environment when the user is sitting still or sleeping. In summary, 

intelligent sensing and adaptive control technologies combine sensors and artificial 

intelligence algorithms to realize real-time sensing and automatic adjustment of the 

indoor environment, providing users with a more comfortable indoor experience. These 
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technologies not only improve the quality of life, but also save energy and resources, 

and have a broad application prospect. 

        

Figure 3. Modeling interior space using AI software stable diffusion. 

5. Challenges and Future Development of Machine Learning Algorithm 
Technology in Interior Space Design 

5.1. Security drawbacks of machine learning algorithms 

First is the issue of data privacy. In the process of interior space design, a large amount 

of personal data and private information needs to be collected. How to protect users' 

data privacy and prevent data leakage and abuse is an issue worth thinking about. 

Especially in today's information explosion, information security is getting more and 

more attention, which has become a great challenge for AI. The second is algorithm 

interpretability. Current deep learning models are often black boxes and lack 

interpretability of the decision-making process. This may lead to difficulties for 

designers in interior space design to understand and adjust the design solutions 

generated by the algorithm, affecting the controllability and credibility of the design 

results. Finally, there is the maturity of the technology. Although AI has made 

significant progress in many fields, its application in the field of interior space design is 

still relatively small, and in the face of complex and changing spatial environments, 

with the current technology more improvements and validation are needed to ensure its 

reliability and validity in actual design[6] . 

5.2. Outlook of machine learning algorithms in interior space design applications 

The future of artificial intelligence control technology in the field of interior space 

design has a broad development prospect, but also faces many challenges, so it may be 

worthwhile to refer to the following suggestions in the process of machine learning 

algorithm technology development. The first is data privacy protection. Strengthen data 

security and privacy protection measures, establish perfect regulations and technical 
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mechanisms to regulate the collection, storage and use of data, and protect the privacy 

of users. Second is interpretable artificial intelligence. Research and develop 

interpretable AI algorithms that enable designers to understand, interpret and modify 

design solutions generated by algorithms, improving the transparency of the design 

process and the controllability of design results. Next is automated design generation. 

With the help of artificial intelligence technology, research and development of 

automated interior space design generation system can greatly improve the design 

efficiency and design quality, providing designers with more creative inspiration and 

design solutions. The last is personalized customized design. Using artificial 

intelligence technology to personalize modeling and analysis of the user, according to 

the user's needs, preferences and behavioral habits and other factors, to provide 

customized interior space design solutions to meet the user's personalized needs[7] . In 

conclusion, machine learning algorithm technology has great potential and application 

prospects in the field of interior space design[5] In summary, machine learning 

algorithm technology has great potential and application prospects in the field of 

interior space design. By addressing the challenges of data privacy, algorithm 

interpretability and technology maturity, and continuously promoting the integration of 

AI and space design, a more intelligent, efficient and personalized interior space design 

experience can be achieved. 

6. Concluding remarks 

To summarize, by introducing and discussing the existing research results of artificial 

intelligence control technology, we can see that machine learning algorithms have 

made significant progress in the field of interior space design. Interior space design is a 

complex process involving multiple factors and variables, and the introduction of AI 

control techniques can provide better support and assistance to designers. Given the 

importance and potential of AI technology in interior space design, we propose to 

further explore and optimize the methods and tools for the application of AI in interior 

space design. This includes automated design assistants, where machine learning 

algorithms can be further developed into powerful automated design assistants. By 

learning and analyzing large amounts of interior design data and user feedback, the 

algorithms can intelligently generate multiple design solutions and optimize them 

according to user needs. Emotional design, machine learning algorithms can further 

learn and understand human emotions and aesthetic preferences to achieve emotional 

interior space design. Sustainable design optimization, machine learning algorithms can 

be combined with energy management systems and green technologies in interior space 

design to achieve sustainable design optimization. Multimodal interaction experience, 

with the development of technology, machine learning algorithms can support 

multimodal interaction experience. Cross-domain integration, machine learning 

algorithms in interior space design can also be integrated with technologies from other 

domains, such as augmented reality (AR), virtual reality (VR), and the Internet of 

Things (IoT). By combining with these technologies, algorithms can provide designers 

with more interactive and immersive design tools and experiences, further promoting 

innovation in interior space design. In summary, the application of machine learning 

algorithms in interior space design has a bright future. With the continuous progress of 

technology and in-depth research, we can look forward to the emergence of more 
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intelligent, personalized and sustainable interior space design solutions to create a 

better and more comfortable living environment for people. 
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