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Abstract: As the intelligent home industry grows rapidly, this intelligent fan overcomes two significant challenges of
traditional fans: the lack of automatic speed adjustment and the need for manual fan oscillation. The fan uses the STM32
micro-controller as the main control chip, which integrates the DS18B20 temperature sensor, PWM technology, and
relevant algorithms to achieve intelligent speed control based on different temperatures. The system also tracks the user's
position by using three infrared sensors at different locations, and adjusts the direction by using a servo motor, thus

realizing intelligent orientation control.
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l. Introduction
The intelligent fan represents the combination of technological innovation and environmental awareness, aiming to
provide an efficient and comfortable air circulation solution. In modern society, people are increasingly aware of the
energy crises and environmental problems, especially in countries with lower economic development but higher living
standards, where the issues of energy consumption and environmental impact are more prominent. Therefore, the
intelligent fan has become a popular and accepted solution.
Environmental awareness is rising, especially in Europe, and people are looking for eco-friendly alternatives.
Conventional air conditioners emit a lot of greenhouse gases, which damage the atmosphere. As a result, people are
choosing intelligent fans as a green option because they use less energy, work better, and save more power. Intelligent
fans not only provide comfortable air circulation, but also cut down on energy use and lessen the negative effects on the
environment.
This design is based on embedded technology, sensor innovation, and control algorithms, and it aims to achieve speed
and direction control for intelligent fans. It overcomes the limitations of traditional swing head fans, which have a narrow
steering angle, by using advanced chip control and automatic adjustment features. It can track the human body's
movements and adjust the wind speed according to the external temperature changes. It uses intelligent modules such as
temperature sensors, human body sensors, and liquid crystal displays, and the STM32 micro-controller acts as the central
control unit, which enables complete control and optimization of the intelligent fan.
Intelligent fans are a new technology that shows the progress and the awareness of environmental protection. They give
people more intelligent, easy, and green ways to circulate air. This paper explores how intelligent fans are designed, how
they work, and how they can save energy and protect the environment. Intelligent fans can also adjust their speed and
direction according to the user's needs, making the living environment more comfortable and sustainable. This paper also

provides some important insights and ideas for future development.
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Il. Design and Implementation of IntelligentFan
This system can control the speed and direction of fans intelligently. It uses a temperature detection module to measure
the indoor temperature, and then adjusts the motor output and fan speed accordingly. It also uses a human body
detection module to locate the people in the room. The micro-controller analyzes the data from this module and controls

the servo motor precisely, making the fan oscillate according to the human presence.

2.1 Hardware System Design

The intelligent fan's hardware system mainly includes four components: the STM32 micro-controller, the temperature
detection module, the human body sensing module, and the display module. This paper uses the STM32 micro-controller
made by STMicroelectronics as the main control module. This chip has powerful functions, fast processing speed, and
works on a low voltage range from 1.8 to 3.3V. It has benefits like low power consumption, high reliability, and
cost-effectiveness.

The temperature detection module uses the DS18B20 temperature sensor, which can directly change temperature into a
digital signal. This sensor has great features like low power consumption, small size, and strong anti-interference abilities.
The human body sensing module uses the HC-SR501 infrared detection sensor, which is automatically controlled by

infrared technology and widely used in automatic control. Figure 1 shows the overall design of the hardware system.
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Figure 1 The overall design of the hardware system

2.2 Temperature Sensor Module Design

The temperature sensor uses the DS18B20 temperature sensor, which has a "one-wire bus" interface. It was made by an
American company called Dallas Semiconductor. The DS18B20 can measure temperatures from -55°C to 125°C with an
error of 0.5°C. This makes the temperature readings accurate, and lets the fan change its speed by itself, giving users the

best comfort. Figure 2 shows how the DS18B20 works.
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Figure 2 Schematic diagram of DS18B20 circuit
2.3 Human infrared detection module design
The HC-SR501 is an infrared-based automatic control module that uses a high-sensitivity LHI778 probe from Germany. It
has excellent reliability and low voltage operation. For this intelligent fan, the sensor sends a high signal when a person is
in its sensing range, and a low signal when a person leaves. This helps to find out if there is someone in the room and
where they are. The STM32 micro-controller controls the servo motor, which moves the fan according to the sensor's

input. This design has three HC-SR501 infrared sensors for better human body detection. Figure 3 shows how the
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HC-SR501 sensor works.
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Figure 3 The circuit schematic diagram of HC-SR501 infrared sensor
2.4 Servo Module Design
The SG90 servo was used in this design and it was connected to the PAO of STM32. The position (angle) servo works from
-30°C to 60°C in operation temperature and from 4.8V to 6V of working voltage. It is good for control systems that need
constant and stable angle changes, and it can make the fan turn intelligently. The STM32 micro-controller finds out where
the person is by checking the output level of the HC-SR501 human infrared sensor. Then, it controls the SG90 steering
gear to make the fan turn as needed.
2.5 Motor Drive Module Design
This design uses the ULN2003 motor driver chip, which can drive relays and other loads directly. It works with a 5V TTL
level input, and can produce an output up to 500mA/50V. The ULN2003 belongs to the high-voltage, high-current

Darling ton series, which has seven silicon NPN Darlington transistors. Figure 4 shows the motor drive circuit

configuration.
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Figure 4 ULN2003 motor drive design diagram
2.6 OLED screen module design

This design also uses an SSD1306 driver with a built-in controller. This driver is often used in organic light-emitting
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diode (OLED) dot-matrix graphic display systems. It shows the wind speed and temperature data on the screen, making

it easy for users to see through the I2C communication protocol. Figure 6 shows the design of the OLED screen module.
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Figure 5 The design of OLED screen module
Il. Software Design
In this design, the STM32 micro-controller is programmed in C language using the Keil5 development software. Keil5 has
powerful features for C language software development, such as a clear and intuitive interface, a compiler, a packager,

and a debugger. It makes programming easier and more enjoyable for users.

3.1 Overall program design

This design consists of several key subroutines, such as the DS18B20 temperature sensing and OLED display subroutine,
the SR501 human infrared sensing subroutine, the motor direction setting subroutine, and the wind speed setting
subroutine. The main program is built by repeatedly calling and nesting these subroutines. In the programming process,

each subroutine is first written separately, and then its functionality is realized by calling it in the main program.The

primary system program flowchart is depicted in Figure 6.
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Figure 6 The primary system program flowchart
3.2 Temperature acquisition and display design
The DS18B20 temperature sensor needs to be initialized before measuring temperature, and Figure 7 shows its flowchart.
The STM32 micro-controller gets the data from the DS18B20 through a single bus. Then, it shows the temperature
information on the OLED screen, making it easy for users to see the temperature data. Figure 8 shows how the

temperature is acquired and displayed.
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3.3 PWM speed control design
This design uses PWM (Pulse Width Modulation) speed control technology. PWM control makes a pulse signal that

changes its duty cycle based on the temperature. The signal high percentage in a cycle changes, matching different duty
cycles. The PWM control chip sends a duty cycle that matches the fan's speed ratio, making PWM speed control work

well. Figure 9 shows the PWM speed regulation flowchart.
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Figure 9The PWM speed regulation
3.4 Tracking model design

The sensor works in automatic sensing mode, and it sends a high level when it finds someone in its sensing range. At the
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same time, the micro-controller tells this signal to the motor, which starts tracking and steering actions. When someone
leaves the sensor's range, the sensor delays turning off the high level, changing the output to low, and making an

interrupt. Figure 10 shows how the human body sensing process works.
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Figure 10The human body sensing program

IV. System Testing
We tested the fan's temperature sensor in different thermal environments, and we saw how the fan's speed changed
accordingly. We recorded and compared the relationship between fan speed and temperature. Figure 11 shows this
relationship, which proves that our speed regulation effect works well.
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Figure 11 Temperature versus wind speed
We also simulated human body movement by moving the body sensor around. We wanted to see if the fan could adjust
its airflow direction by itself based on human movement. We recorded and compared how the fan turned with the
human body's position. Table 1 shows this comparison. The test results matched our expectations, confirming that our
fan's intelligent direction adjustment works well with simulated human movement.

Table 1 The correlation between Human Body Position and Fan Direction

body position direction
front front
left left
right right
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V. Conclusion
This paper introduces an intelligent fan that has "smart steering" and "smart speed regulation." It uses embedded
technology, sensor improvements, and control algorithms to control the fan's speed and direction precisely. This system
has many benefits, such as low energy consumption, cost-effectiveness, user-friendly operation, safety, and
environmental friendliness. Our design is good at finding out where people are and turning intelligently in complex
environments. It also gives users the best wind power based on the temperature around them, making their user
experience and well-being much better. In future versions, we want to make our ambient temperature detection more

accurate and our human body detection more flexible, so we can give users even more precise and high-quality services.
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