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Abstract: This article mainly discusses the theoretical basis and practical path of intelligent
environment design, especially the integration and application of HCI (Human-Computer
Interaction) and spatial intelligence. This article introduces the concept and unique position of
intelligent environment design, expounds the basic principle of HCI in detail, covering user
interface design, interaction mode and user experience, and discusses the application of this
technology in intelligent environment design. Furthermore, the paper defines the concept of spatial
intelligence, summarizes its key technologies, and discusses how spatial intelligence can innovate
traditional environmental design methods and its integration path with human factors. In order to
study this topic deeply, this article comprehensively analyzes the future trend of intelligent
environment design, and reveals the development direction of intelligent interaction, efficient
energy management and personalized space customization. This article emphatically points out the
indispensability of humanistic care in intelligent environment design, and puts forward some
strategies and suggestions for combining intelligent design with humanistic care. The research
shows that the promotion of intelligent environment design needs to give consideration to technical
development and humanistic care, so as to help sustainable development and improve the quality of
life.

1. Introduction

The emerging concept of intelligent environment design is gradually reshaping our views and
usage habits of living space. This concept is not just a simple combination of science and
technology and humanity space, but a deep blend of them [1]. It not only shows the cutting-edge
and innovation of technology, but also is full of humanistic care and warmth. Intelligent
environment design integrates advanced information technology, Internet of Things technology,
artificial intelligence, etc., so that space has the ability to perceive, understand, respond and adapt to
human needs [2]. This can create a more intelligent, personalized and comfortable living
environment.

HCI and spatial intelligence technology are the two core supports of intelligent environment
design [3]. HCI technology constantly breaks through the traditional boundaries, and develops from
basic touch operation to various interactive modes such as voice recognition, gesture control and
even eye tracking, which greatly enriches the interaction between people and the environment [4].
Spatial intelligence technology uses the Internet of Things, big data and other tools to achieve
accurate perception and intelligent management of the space environment, which provides a strong
data support and decision-making basis for intelligent environment design [5]. In the design of
intelligent environment, HCI and space intelligence technology play a vital role. They improve the
intelligent level of space and make space better adapt to and meet people's needs [6]. Intelligent
environment design also promotes sustainable development. It reduces resource waste and
environmental pollution by optimizing energy use and improving space utilization [7]. Futhermore,
it also enhances the convenience and comfort of space use, so that people can enjoy the warmth and
harmony of space while enjoying the convenience of science and technology.

In view of the importance and potential of intelligent environment design, this study is devoted
to discussing the application and integration of HCI and space intelligence technology in intelligent
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environment design, analyzing the existing problems and putting forward corresponding solutions.
The expected results include forming a complete theoretical framework of intelligent environment
design, and putting forward feasible suggestions on intelligent environment design strategies, which
will provide strong guidance for the practice of intelligent environment design.

2. Theoretical basis of HCI in intelligent environment design

As one of the core elements of intelligent environment design, HCI has a profound and extensive
theoretical foundation. It covers many core concepts such as user interface design, interaction mode
and user experience. Among them, user interface design is the portal of HCI [8]. It determines how
users communicate with the intelligent environment visually and operationally. A good user
interface should be concise and clear, which can intuitively reflect the function and state of the
intelligent environment and guide users to perform correct operations. Interactive mode is the
means to realize HCI. It includes touch screen operation, voice recognition, gesture control and
other forms. The appearance of these interactive ways greatly enriches the interactive experience
between users and intelligent environment. This enables users to interact with the intelligent
environment more naturally and conveniently.

In the design of intelligent environment, HCI technology is widely used, which injects new
vitality into intelligent space [9]. Speech recognition technology allows users to interact with the
intelligent environment through voice commands, and can complete various operations without
hands. Gesture control technology further enhances the interactive experience of users, and users
can control smart devices through gestures. See Figure 1 for details. The application of these
technologies fully demonstrates the great potential of HCI technology in intelligent environment
design.
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Figure 1 Application of HCI technology in intelligent environment

In smart space, the design principle of HCI is very important. Ease of use is the first principle. It
requires that the interactive design of intelligent environment should conform to users' cognitive
habits and operating habits, so that users can get started easily without complicated learning process.
Accessibility is an important principle to ensure that all users can use the intelligent environment
equally. It requires that the interactive design of intelligent environment should consider the needs
and abilities of different users, such as providing voice navigation for visually impaired users and
auxiliary operating equipment for physically disabled users. Personalized customization is the key
principle to meet the diverse needs of users. It allows users to customize the interaction mode and
function of intelligent environment according to their own preferences and needs, thus creating a
unique intelligent space experience. These HCI design principles provide an important direction for
the design of intelligent environment, which makes the intelligent environment closer to users'
needs and improves users' satisfaction.
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3. Fusion path of spatial intelligence and intelligent environment design

Spatial intelligence is another pillar of intelligent environment design. Its core lies in the deep
integration of advanced information technology and space environment, so that space has the ability
of perception, analysis, decision-making and response [10]. Internet of things technology constitutes
the cornerstone of space intelligence. It realizes all-round monitoring and data collection of space
environment through many sensors and intelligent devices. Big data technology mines and analyzes
these massive data, revealing the laws and trends of space use. The application of engineering
intelligence technology enables space to make intelligent decisions independently based on these
data, and automatically adjust and optimize the space environment.

The integration of spatial intelligence completely revolutionized the traditional environmental
design process. In the past, environmental design relied on the designer's personal experience and
intuition. Nowadays, data analysis has become the core reference of design. Through the detailed
analysis of space utilization data, designers can more accurately grasp the actual needs and behavior
patterns of users, and then optimize the space allocation and improve the efficiency of space use.
Space intelligence can also monitor and analyze energy usage in real time, and reduce energy
consumption and improve energy efficiency through intelligent regulation. The combination of
spatial intelligence and humanistic factors has injected new vitality into intelligent environment
design. Through in-depth analysis and understanding of users' behavior patterns, intelligent
environment can meet users' needs more accurately, adjust spatial functions and create a more
humanized living environment. For example, the smart home system can automatically adjust the
indoor temperature, light and music according to the daily habits and preferences of users, and
create a comfortable living experience (Figure 2). This customized intelligent service improves the
living quality and enhances the sense of belonging and satisfaction of users to the living space.

Figure 2 Smart home system application

However, the combination of spatial intelligence and intelligent environment design is also
accompanied by challenges and opportunities. With the popularity of smart devices and the increase
of data collection, how to ensure the privacy of users has become an urgent problem to be solved.
Technical ethics is also worthy of attention, and it is necessary to examine whether the
decision-making and behavior of intelligent environment meet the moral and ethical requirements,
and how to prevent the abuse and misuse of technology. The integration of space intelligence and
intelligent environment design also brings us great opportunities. Through continuous innovation
and application of new technologies, designers can create a more intelligent, convenient and
comfortable living environment and bring more convenience and fun to people's lives.

4. The future prospect and humanistic care of intelligent environment design

With the development of technology, we can foresee that the interactive mode will tend to be
more intelligent and convenient. The intelligent environment design in the future is expected to
show more diversified and intelligent features. In the near future, perhaps people will be able to
interact with the intelligent environment only by eyes, thoughts and even emotions to achieve truly
barrier-free communication. The energy management system will also become more efficient.
Intelligent algorithms and big data analysis can accurately predict and control energy consumption,
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significantly reduce energy use and contribute to sustainable development. Space customization will
also reach a new height, and the intelligent environment will provide a unique living experience
according to the specific needs and preferences of each user. While pursuing technological
development, humanistic care can not be ignored. Intelligent environment design should not only
meet people's material needs, but also care about mental health and social interaction. A truly
intelligent environment should be able to perceive and understand people's emotions and provide
timely support and comfort. It should also promote communication and interaction between people,
break barriers and enhance understanding. Crucially, the design of intelligent environment must pay
attention to protecting users' privacy, ensuring data security and personal space integrity.

In order to realize the integration of intelligent environment design and humanistic care, a series

of strategies and suggestions need to be adopted, as shown in Table 1:

Table 1 Strategies for Integrating Intelligent Environment Design with Humanistic Care

consumption

Strategy Category Strategy Content Supplementary Notes
Innovation in Interaction | Utilize eye gaze, thoughts, and emotions Develop non-contact
Methods for intelligent interaction interaction technologies
Energy Management Use intelligent algorithms and big data Adopt energy-saving materials
Optimization analysis to predict and control energy and equipment

Space Customization
Enhancement

Provide personalized living experiences
based on user needs

Utilize 3D printing technology
for customized designs

Mental Health Care

Intelligent environment senses and
responds to human emotions, providing
psychological support

Introduce mental health
monitoring systems

Social Interaction
Promotion

Enhance interpersonal communication,
break down barriers, and promote mutual
understanding

Design shared spaces and
interactive functions

Privacy Protection

Ensure data security and maintain the

Implement strict data

Strengthening integrity of personal space protection policies and
encryption measures
Environmental Intelligent environment automatically Consider factors such as
Adaptability adjusts internal conditions based on climate and seasons for
Improvement external environmental changes automatic adjustments

Safety Monitoring and
Emergency Response

Real-time monitor environmental safety
and quickly respond to emergencies

Integrate safety alarms and
automatic evacuation systems

Elderly and
Disabled-Friendly Design

Consider the needs of users of different
age groups and physical abilities

Provide barrier-free designs
and assistive functions

Intelligent environment design involves many fields, and only interdisciplinary cooperation can
fully consider human needs and technical possibilities. Furthermore, users are the end users of
intelligent environment, and their needs and feedback should be an important basis for design. By
involving users in the design process, we can better meet their needs and improve their satisfaction.
It is also essential to formulate relevant technical specifications. It can ensure the safety and
reliability of intelligent environment design, safeguard the rights and interests of users, guide the
development direction of technology and promote the deep combination of intelligent environment
design and humanistic care.

5. Conclusions

This study reveals the true meaning of intelligent environment design. It is not only the
accumulation of technology, but also the deep combination of technology and humanistic ideas.
HCI and space intelligence, as the two cornerstones of design, bring new vitality to smart space. In
the future, intelligent environment design will be more intelligent, personalized and efficient. With
the development of technology, humanistic care is equally important. Intelligent environment
design should focus on improving users' mental health, promoting social interaction and ensuring
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privacy, so as to implement the people-oriented design philosophy. In order to create an intelligent
and humanistic living environment and promote its sustainable development, interdisciplinary
cooperation needs to be strengthened, user participatory design should be popularized, and relevant
technical specifications need to be formulated. These measures will help to create an environment
that brings great convenience and comfort to human life and provide guidance for the practice of
intelligent environment design.

The research results of this article provide support for the practical application of intelligent
environment design and point out the direction for future exploration. The combination of HCI and
spatial intelligence has injected new vitality into the design field. But we must bear in mind that the
development of technology should always be people-centered and pay attention to the overall
well-being of users. The future development of intelligent environment design will pay more
attention to the integration of technological progress and humanistic care, and promote the
intellectualization and humanization of space. I believe that in the near future, intelligent
environment design will bring more convenience, comfort and pleasure to people's lives and
become an important force to promote social progress and development.
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