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Abstract: With the continuous improvement of people’s material living standards, the functional requirements
for living environments have become more stringent. Against the backdrop of rapid advancements in modern
information technology and communication technology, the integration and application of cutting-edge
technologies in various fields have led to the emergence of smart homes. Smart homes facilitate more convenient
lifestyles for residents and permeate residential spaces with intelligent applications, holding significant importance
for enhancing living environments and expanding residential functionalities. This paper primarily analyzes the
design methodology of a smart home control system based on STM32, aiming to provide reference insights for
enhancing the convenience of people’s home lives.
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The smart home system achieves the integration of the Internet of Things (loT) and Internet technologies,
applying them collectively to household appliances, thereby enabling these appliances to achieve automated
and intelligent self-management. The manipulation capabilities of the smart home system empower individuals
to exercise remote control over household appliances, facilitating greater convenience in daily life. Additionally,
through optimized resource processing, it enhances the utilization efficiency of household appliances and reduces
their energy consumption, aligning with the development goals of energy conservation and emission reduction.
However, given the extremely complex internal structure of the smart home system, the difficulty of system layout is
relatively high. Consequently, designing a more perfect smart home control system has emerged as a pivotal topic
of concern for the industry during its developmental trajectory.

1. Overview of the Overall System Design

The smart home system discussed in this paper comprises a STM32 as the main control panel, integrated with
sensors, wireless communication devices, and actuator receivers. Specifically, the sensor devices are primarily
responsible for establishing a sensing system at the smart home terminals to collect various environmental factors
within the indoor living space, including temperature, humidity, illumination, and infrared human presence
information. These data are then transmitted through the wireless communication system to the main control panel
of STM32 , awaiting further instructions. Upon receiving the sensor data, the STM32 conducts in-depth processing
and, based on pre-programmed control parameters, sends commands via the wireless communication system to the
corresponding actuator terminals. This ensures that the actuator terminals can issue appropriate control instructions
to the smart home devices. Additionally, when users are away from home, they can manipulate the smart home
devices through a mobile app or remote control, utilizing the wireless sensing and communication module,
ultimately achieving the objective of remote control.
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2. Hardware Design of the Smart Home Control System Based on STM32

(1) Main control panel

The main control panel employs the STM32F407 microchip which boasts a main frequency of up to 168 MHz,
enabling large-scale data collection and efficient in-depth processing. The main control panel is also capable of
effectively integrating various types of peripheral resources and establishing multiple communication interfaces.
It interfaces with wireless communication systems and other smart terminals. Additionally, the board is equipped
with timer functions, interrupt control functions, and more, which can availably meet the requirements of the smart
home control system for simultaneous multitasking processing.

(2) Sensor panel

Firstly, the temperature and humidity sensor. This sensor device can simultaneously measure both temperature
and humidity data in the home environment. During data transmission via the wireless communication system, it
adopts a single-bus transmission protocol. The temperature and humidity sensor shares an interface with the STM32
main control board, allowing the main control panel to obtain indoor temperature and humidity information and
data at any time by simply issuing continuous operational instructions. Secondly, the light sensor. The optical fiber
sensor achieves data communication with the STM32 main control panel through an 12c interface. This sensor can
effectively measure the specific indoor light intensity, providing a reliable data reference for the main control board
to intelligently regulate lighting equipment. Thirdly, the human infrared sensor. The human infrared sensor primarily
detects the movement trajectories of individuals within the home. When it detects human activity indoors, it emits
a relatively high-level signal, which is promptly transmitted to the STM32 main control panel. By connecting to the
external interrupt pin of the main control board, this signal triggers operational instructions such as automatically
switching lights on or off and avoiding obstacles.

(3) Wireless communication system

The wireless communication system utilizes indoor WiFi, interfacing with the STM32 main control panel according
to corresponding wireless execution standards. The wireless communication system is capable of transmitting
relevant control instructions processed by the STM32 through the home wireless network channel. It can also
facilitate the transmission of control instructions between user mobile apps or other smart terminal devices and the
system, and even receive control requests from external devices.

(4) Execution system

First of all, the relay control system, which is primarily used to control indoor high-power electrical appliances,
such as air conditioners for temperature regulation and water heaters. The STM32 main control module controls
the on/off state of electrical equipment by outputting different level signals, thereby enabling intelligent control of
power supply switching. In addition, the motor drive control system. The drive control system focuses on controlling
the motors of movable devices, such as curtain opening and closing motors, door and window opening and closing
motors, etc. By outputting control signals from the STM32 main control panel, effective control over the speed and
direction of motor equipment can be achieved, fulfilling the purposes of opening and closing curtains and doors.
Finally, the lighting control panel. Lighting control can be realized through a drive circuit, providing on/off control
and brightness adjustment functionality for LED lights or other lighting devices.

3. Software Design of the Smart Home Control System Based on STM32

(1) Data acquisition and in-depth processing

In the STM32 main control system, the data acquisition and in-depth processing functions of the sensor board
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can be realized through pre-designed drivers. For example, for a specific sensor device, the system can send an
initial signal for information acquisition according to the sensor’s single-bus communication protocol, locate the
current position of the information, and perform verification processing based on the information status. For light
sensors, read commands for light information can be sent through the 12c interface to receive relevant data and
signals regarding the current indoor light intensity. After calibrating and deeply analyzing the collected lighting
data, it can provide a data reference for giving logical instructions for lighting control. The STM32 microchip is
equipped with powerful data processing capabilities, enabling it to perform various data processing tasks such as
filtering, calibration, and analysis on the collected sensor data. This ensures the accuracy and reliability of the control
instructions issued by the system.

(2) Wireless communication protocol

The design of the wireless communication protocol is based on users’ application requirements for the smart
home control system. Taking a relatively simple custom communication protocol system as an example, this custom
protocol system enables data exchange and instruction issuance between the STM32 main control device and user
mobile apps as well as other smart devices. The protocol mainly includes various aspects such as the specific format
of data during transmission, a unified data length, standardized instruction codes, and data verification standards.
When the user’s mobile app terminal issues a control instruction, a corresponding instruction code is generated. The
instruction code mainly indicates the device to be controlled and the specific operation, while the transmitted data
content includes relevant parameter information about the target control device. For example, when controlling
lighting equipment, the transmitted data content includes the user’s desired light brightness value. Upon receiving
these data messages, the STM32 main control device first verifies the accuracy of the data. If the verification is
correct, it parses the issued instructions and generates relevant action control instructions. Subsequently, the
execution result data is fed back to the user’s app terminal. This wireless communication protocol ensures seamless
and efficient communication between the smart home control system and user devices, enabling real-time control
and monitoring of smart home devices.

(3) Logical control

Given that the data information obtained by sensor devices is constantly changing and user instructions may also
vary at any time, it is necessary to develop corresponding flexible control strategies for these two types of changes.
For example, when the user is not indoors and the light intensity falls below the set standard parameters, an
instruction to automatically turn off the lighting equipment can be triggered. Another example is when the indoor
temperature exceeds the user-set standard value, the air conditioning cooling system can be automatically turned
on, and the fan speed and temperature can be adjusted according to changes in indoor temperature. These control
logic are constantly changing and can be flexibly adjusted based on user needs and the current indoor parameters.
By programming intelligent routines in the STM32 main control system, judgments based on specific reference
standards can be made to ensure the accuracy of system operations.

4. Conclusion

In summary, this article has outlined the specific operational logic, as well as the software and hardware design
schemes, of smart home devices under the STM32 control system. Following the design phase, comprehensive
testing of the smart home control system was conducted to simulate various scenarios and requirements, assessing
whether the system could correctly execute operational instructions. Ultimately, the system achieved stable
operation and met the design requirements. Looking ahead, with the continuous development and advancement of
smart home control technology, the functionality of smart home systems will continue to expand, providing users
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with even more comprehensive home services and experiences. The integration of advanced technologies such as
artificial intelligence, machine learning, and the Internet of Things (IoT) will further enhance the intelligence and
convenience of smart homes, making them even more tailored to users' needs and preferences.
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