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Abstract: As part of smart homes, smart windows play a significant role in enhancing living
environment comfort and safety, while meeting the demand for human-centric design. Currently,
although sliding aluminum windows dominate the market, the concept and application of smart
windows are gradually gaining recognition due to the promotion of smart home and IoT technologies.
Equipped with intelligent sensors and control systems, these windows automate opening and closing
and monitor environmental conditions, effectively addressing losses due to forgotten closures.
However, the promotion of smart windows in the domestic market is hindered by various factors,
including high costs, inconvenient maintenance, and low popularity. Presently, smart windows are
primarily used in high-end public spaces and luxury residences. Technologically, utilizing low-cost,
low-complexity devices like ESP32 controllers and raindrop detectors, smart windows have
promising market prospects. Moreover, advanced technologies such as sensors and network
connections enable smart windows to automatically adjust light and temperature, optimizing living
conditions. In summary, the development of smart windows not only meets the pursuit of convenient
and comfortable living but also signifies the future trend of integrating technology and environment
in residential construction.

1. Introduction

Windows have always been an essential part of indoor housing construction, and applying smart
home control system technology to residential living spaces can truly create a healthier, more
comfortable, and environmentally friendly home environment. Currently, the most widely used
windows are sliding aluminum windows. However, during windy or rainy weather, leaving windows
open can lead to chaos at home. With the rapid development of [oT technology, the concept of smart
living is gradually forming and being recognized by people. The application of artificial intelligence
is also becoming increasingly popular. As one of the smart home industries, the development of smart
windows is also progressing rapidly.

In China today, various types of small smart windows have brought practical conveniences to
people's lives. However, in recent years, due to the lack of effective promotion in the overall market,
the awareness of such intelligent products is not very high among the public. Moreover, various
problems such as high product prices and inconvenient maintenance severely affect the promotion of
such products in the domestic market. Currently, in the changing social market environment, the
overall market size of new smart windows still remains relatively small. Traditional window
structures still dominate the market. The market for these new smart windows is mainly promoted
and used in high-end public places and high-end residential buildings. The reasons behind this are
related to the number of manufacturers, production costs, public acceptance, and technological
implementation. Production is mainly concentrated on customizations for public places or private
high-end customization, with fewer bulk productions for residential buildings. In stormy weather, if
users forget to close the windows on time, or if the windows are not closed in time when it rains, it
can cause serious indoor flooding, resulting in severe damage to various household items, especially
household appliances and furniture.

Today, in fast-paced lives, it is common for people to forget to close windows when leaving home,
which can lead to property loss. Although security doors and windows can protect public and private
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property to some extent, in the event of a serious fire, escape routes may be blocked. Smart windows
are equipped with intelligent sensor modules in appropriate positions to dynamically monitor indoor
and outdoor window environments. Based on this information and processing results, smart windows
perform automatic opening and closing and alarm reminders for all windows, ensuring overall
window safety and usage, and further realizing the concept of smart home systems.

However, to achieve fully automatic window switching, it is necessary to consider using relatively
complex intelligent systems, especially the combination of automatic control systems and complex
mechanical transmission systems. In practical applications, smart windows controlled by ESP32
controllers can greatly reduce hardware costs. The technical implementation difficulty of devices such
as raindrop detectors and servos controlling window switches is also low, indicating good market
application prospects. In the future, the use of safer, more protective, and more humanized smart
windows will also become a new trend.

Behind smart windows, there are many advanced technologies supporting them, such as sensors,
smart control systems, and network connections. Through light sensors, smart windows can perceive
the intensity of indoor and outdoor light and automatically adjust the transparency of the glass to
control indoor light. Temperature sensors can sense temperature differences indoors and outdoors and
automatically open or close windows to regulate room temperature. Smart windows can also
exchange indoor air through controlled ventilation systems to maintain indoor freshness and comfort.

In conclusion, the emergence of smart windows meets people's needs for comfort, convenience,
and energy saving, combining technology with living environment and bringing more intelligent
experiences to modern life [ 1]. With continuous technological progress, smart windows will continue
to develop and expand in the future, creating more intelligent and comfortable living spaces for us.

2. Current Market Applications

Smart homes, supported by the powerful Internet of Things (IoT) technology, make traditional
residences more humanized and intelligent, representing a redevelopment and extension of traditional
living functions. Today, the country attaches great importance to ecological environmental protection
and emission reduction and energy conservation. As early as 2017, it was clearly stated that there
would be strong encouragement for the development of energy-saving green buildings, requiring
development towards intelligent resource control, environmental information monitoring and
processing, and new energy systems. Therefore, the large-scale popularization of the concept of smart
homes will gradually be promoted, establishing a new norm of home life driven by new technological
advances for thousands of households [2].

Currently existing smart window systems on the market mainly focus on functions such as theft
prevention, robbery prevention, and rain protection [3], including:

1) Rainwater detection: In rainy weather, if windows are forgotten or not closed in time, it may
cause indoor water use and serious damage to various indoor items, especially electrical appliances.
Using a rainwater sensor to send signals to the smart window control system can effectively avoid
such situations. This report will focus on achieving this function.

2) Automatic gas detection: When the automatic detection system detects warning sound signals
such as flammable gas and harmful gas leakage in the room, the smart controller can automatically
identify and trigger corresponding startup commands, opening all doors and windows and exhaust
fans safely and automatically, while automatically identifying and timely transmitting all abnormal
alarm signals to the homeowner's mobile control center or property management office [4].

3) Automatic noise detection: When the external noise sensor receives noise of 80 decibels or more,
it will automatically close the window to maintain a good sound environment for the user.

3. Key Technology Introduction

This product is created based on the Mixly environment. Mixly is an open-source environment
based on graphical programming, designed to make programming more intuitive and understandable,
especially for young students and beginners in programming. It is a system based on encapsulating
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low-level Python code, generating executable code by stacking code blocks. Mixly is mainly used for
education and maker projects, interacting with hardware controllers, etc.

Mixly Programming Introduction:

1) Graphical programming interface: The core feature of Mixly is its graphical programming
interface. Users can build programs by dragging and dropping different code blocks, with each block
representing a command, function, or value in the program, making programming more intuitive [5].

2) Support for multiple programming languages: Although Mixly is primarily used to generate
Python code [6], it can also support other programming languages, making it suitable for various
programming and hardware platforms.

Materials required:

1) PVC board

2) Window frame

3) Servo motor

4) Temperature sensor

5) Humidity sensor [7]

6) Sound sensor

7) Rainwater sensor

8) Toxic gas detector

(1) Program framework: All programs are ranked and implemented according to their importance.
If there is a conflict between the conditions below and above, the code below will be executed. Figure
1 shows the Mixly Programming interface. And Figure 2 to 6 are operational process.
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Figure 4 Judgment based on indoor and outdoor humidity
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Figure 6 Judgment based on the noise sensor

At 8:00 a.m. and 4:00 p.m. every day, if all other conditions are normal, the windows will be
automatically opened for ventilation.

(2) Judgment based on indoor and outdoor temperature: If the indoor temperature is above 26
degrees and the outdoor temperature is lower than indoors, open the windows until a suitable
temperature is reached (26 degrees in summer, 20 degrees in winter); if the indoor temperature is
below 26 degrees and the outdoor temperature is higher than indoors, open the windows until a
suitable temperature is reached (26 degrees in summer, 20 degrees in winter); if the indoor
temperature is between 20 and 26 degrees and the outdoor temperature is lower or higher than indoors,
close the windows; if the indoor temperature is below 20 degrees and the outdoor temperature is
lower than indoors, close the windows to retain heat.

(3) Judgment based on indoor and outdoor humidity: If the indoor humidity is above 60% and the
outdoor humidity is lower than indoors, open the windows until the humidity returns to the
appropriate range (40%-60%); if the indoor humidity is below 40% and the outdoor humidity is higher
than indoors, open the windows until the humidity returns to the appropriate range (40%-60%); if the
indoor humidity is below 40% and the outdoor humidity is lower than indoors, close the windows; if
the indoor humidity is above 60% and the outdoor humidity is higher than indoors, close the windows.

(4) Judgment based on the rainwater sensor placed outdoors, using digital input, manually adjust
the threshold value, and when the circuit becomes open-circuited at the threshold value, if a current
is detected by the digital input (digital detection only exists as 1 and 0), close the windows.

(5) Judgment based on the noise sensor placed outdoors, using digital input, manually adjust the
threshold value, and when the circuit becomes open-circuited at the threshold value, if a current is
detected by the digital input (digital detection only exists as 1 and 0), close the windows.

(6) Place a hazardous gas sensor indoors. If any hazardous gas is detected, immediately open all
windows (highest priority).

4. Conclusion

The Internet of Things (IoT), also known as the "Internet of Everything," features the
interconnection of people, machines, and objects. Based on platforms such as the Internet of Things,
cloud computing, and artificial intelligence network perception, a new generation of smart home
systems is gradually becoming a bright spot in promoting industrial innovation and improvement in
China's smart home field. As an important tool for connecting indoor and outdoor spaces, it is
particularly important to transform windows into intelligent ones. Smart windows, through
corresponding sensor modules, monitor indoor and outdoor window environments and perform
intelligent opening and closing of all windows and automatic alarm functions based on information
and processing detection results, thereby achieving automatic opening and closing actions for
windows, further realizing the concept of smart home systems.

In today's fast-paced life, it is common for people to forget to close windows when leaving home.
Traditional windows require manual sliding operation when opening and closing. If it rains and no
one is at home, or if someone travels for several days, windows cannot be closed or opened in time,
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potentially causing property damage to household appliances and furniture, especially in large public
places. In such an environment, smart windows as part of smart homes have gradually entered
people's field of vision and are constantly developing and progressing. They can actively help
residents carry out daily moisture-proofing and prevent gas leaks, reducing residents' property losses
and ensuring their safety. In the future, the use of safer and more humanized smart windows will
become a trend.

This system is based on the ESP32 as its core controller, combined with some functional control
unit modules to form the entire control system of smart windows, including the central control board
section, input controller section, and output control system section. The central control output control
section mainly refers to the use of the ESP32 development board. Its main function is to use principles
of operation to control its output status through data from part of the system input signals, processed
internally in the system. The input and control sections are generally composed of sensor input
sections and hardware output control sections. The former includes sound detection modules and
raindrop sensor modules, as well as toxic gas detectors. Through the coordinated cooperation of these
two sets of modules, the current weather can be detected as rainfall, and the data can be passed to the
central control part of the ESP32 development board. The output section includes servo motor
modules and drive modules and display terminals, which simulate window switch control and
rainstorm weather warning reminders. This system is designed to simulate ideal experimental
conditions. When encountering actual weather conditions, such as all windows in a set of rooms
requiring the same central control module for control, multiple servo motors and drive modules can
be added to perform synchronous opening and closing of multiple windows. Additionally, to control
sensor judgment errors, multiple raindrop sensor modules can be installed at multiple positions on a
window, such as on all four sides, and if more than half of the sensors detect rain, an immediate
response is triggered. Conversely, if only sensors at the lower position detect raindrops, they are not.
To control sensor judgment errors, a rain wiper can be added. If no other precipitation is detected
within a certain period after the rain wiper clears the water from the sensor, the user is immediately
notified that the rain has stopped, and they can choose whether to perform remote window opening
operations based on their preferences.
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