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Abstract: As energy efficiency and indoor comfort increasingly become key standards in modern residential and office 
environments, research on intelligent fan speed control systems has become particularly important. This study aims to 
develop a temperature-feedback-based fan speed optimization strategy to achieve higher energy efficiency and user 
comfort. Firstly, by analyzing existing fan speed control technologies, their main limitations are identified, such as the 
inability to achieve smooth speed transitions. To address this issue, a BP-PID speed control algorithm is designed, which 
dynamically adjusts fan speed based on indoor temperature changes. Experimental validation demonstrates that the 
designed system can achieve smooth speed transitions compared to traditional fan systems while maintaining stable indoor 
temperatures. Furthermore, the real-time responsiveness of the system is crucial for enhancing user comfort. Our research 
not only demonstrates the feasibility of temperature-based fan speed optimization strategies in both theory and practice 
but also provides valuable insights for energy management in future smart home environments. Ultimately, this research 
outcome will facilitate the development of smart home systems and have a positive impact on environmental sustainability. 
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1. Introduction
In modern households and office environments, fans serve as common air regulation devices, with their efficiency 
and adaptability significantly impacting energy consumption and indoor comfort. Traditional methods of fan 
speed control typically involve manual adjustment or reliance on simple timing mechanisms, lacking flexibility 
and environmental adaptability. This leads to two primary issues: inefficiency and the inability to precisely 
respond to indoor temperature changes.

In recent years, experts and scholars have conducted some research on smart fans. For example, Shen et al. [1] 

designed an intelligent electric fan based on fuzzy control; Geng et al. [2] developed a smart speed controller for 
server fans based on fitting functions; Deng [3] designed a smart fan control system, among others documented 
in other works [4-10].
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Research on smart fans holds significant importance in the realms of smart homes and energy conservation. 
Firstly, from the perspective of environmental sustainability, optimizing fan speeds not only reduces energy 
consumption but also helps mitigate carbon emissions. Against the backdrop of global efforts to reduce energy 
consumption and address climate change, any innovation that enhances the energy efficiency of household 
and commercial devices holds significant value. Secondly, from the viewpoint of technological innovation, 
applying smart temperature control technology to fan speed regulation not only drives the development of 
smart home appliances but also opens up new possibilities for the overall integration of smart home systems. 
The advancement of this technology is expected to catalyze innovation in related fields such as the Internet 
of Things (IoT), artificial intelligence, and automation control. Furthermore, from the perspective of user 
experience, precise control of fan speeds to adapt to indoor temperature changes significantly enhances the 
comfort of living and working environments. This has a direct and significant impact on improving people’s 
quality of life, particularly in extreme climate conditions.

2. Overall system design
The design of this study is based on temperature-based fan speed optimization, with an Internet of Things 
(IoT) system as the control core. Temperature is collected by temperature sensors, and based on pre-set speed 
levels, a BP-PID [11] control system is employed to automatically adjust the fan speed. The advantage of the BP 
neural network [12] lies in its ability to adjust the parameters of the PID controller in real-time based on speed 
feedback, ensuring smooth transitions in fan speed and avoiding motor damage due to sudden speed changes. 
The hardware architecture of the designed fan speed optimization strategy is illustrated in Figure 1.
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Figure 1. Hardware architecture of fan speed optimization strategy

The processor serves as the core of the intelligent fan, reading and processing data from various modules, 
and controlling the motor speed, etc. The temperature detection module detects the real-time temperature 
of the surrounding environment and transmits the environmental temperature information to the processor. 
Independent buttons are used to control the fan’s start and stop functions. The power module consists of a 
voltage conversion circuit and other related circuits, providing power to the fan motor and control system. The 
display module is used to show current temperature, fan speed, and other information. The buzzer is used for 
fan startup alerts. To achieve temperature-based fan speed control switching, a table illustrating the relationship 
between temperature and speed is designed as shown in Table 1.
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Table 1. Temperature vs. fan speed correspondence 

Environment temperature Speed level Speed (rpm)

25–27℃ 1 950

27–29℃ 2 1000

30–34℃ 3 1150

34–38℃ 4 1250

> 38℃ 5 1350

3. System hardware design
3.1. Power circuit design
The power circuit design is shown in Figures 2–4.

Figure 2. External power input 12V circuit

Figure 3. 12V to 5V voltage conversion

Figure 4. 5V to 3.3V voltage conversion
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3.2. Feedback circuit design
The power circuit design is shown in Figure 5.

Figure 5. Feedback circuit

4. Design and simulation of temperature-based fan speed controller
Based on the previously designed intelligent temperature-controlled fan speed control system, and addressing 
the issue of switching fan speed based on environmental temperature, a fan motor speed controller based on 
BP-PID is designed. The parameters of the PID controller are adjusted by the BP neural network to achieve 
parameter adaptation, thereby coping with the instantaneous change in fan speed when the temperature changes.

4.1. BP neural network
Traditional PID motor control is susceptible to disturbances both within and outside the system, making it 
difficult to achieve fast and stable speed control. This paper focuses on temperature-based intelligent fan speed 
control, using the BP neural network to adjust PID controller parameters, thereby improving the dynamic 
performance of the intelligent fan system’s speed control. For the intelligent fan system, a three-layer BP neural 
network is employed, comprising the input layer, the hidden layer, and the output layer, with a total of 32 
neurons in the hidden layer (as shown in Figure 6).
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Figure 6. Three-layer BP neural network
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Figure 7. Temperature-based fan speed control structure

The input layer of the BP neural network: 

(1)
The input to the hidden layer is as follows:

(2)

The output of BP is as follows:

(3)

4.2. Temperature-based fan speed control structure
The temperature-based fan speed control structure designed in this paper is illustrated in Figure 7. In Figure 
7, ω(t) represents the output speed of the fan motor; ωd(t) represents the desired speed designed according to 
the temperature; e(t) represents the speed error of the fan motor. The control process of adjusting the fan speed 
based on temperature is as follows: firstly, the fan intelligent mode is activated, and the desired speed is given 
according to the ambient temperature; secondly, the fan motor speed error e(t), the derivative of speed error de1/
dt, and the output speed ω(t) are used as input signals to the BP neural network. After adjusting the parameters, 
the control signal is outputted to the fan motor; finally, a new desired speed is given based on the feedback of 
the ambient temperature from the sensor, and the PID control is adjusted accordingly.

4.3. Temperature-based fan speed optimization simulation
The temperature-based fan speed control system are built in MATLAB/Simulink, and a fan speed simulation 
based on temperature regulation is performed, as shown in Figures 8–11.
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Figure 8. Temperature-based fan speed control Simulation 1

Figure 10 .  Temperature-based fan speed control 
Simulation 2

Figure 9. Simulation of temperature-based fan speed 
control with PID Parameters 1

Figure 11. Simulation of temperature-based fan speed 
control with PID Parameters 2
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The simulation results indicate that when the ambient temperature changes from 25°C to 27°C, the fan 
speed switches from 950 rpm to 1000 rpm; when the ambient temperature changes from 27°C to 29°C, the fan 
speed switches from 1000 rpm to 1350 rpm. The simulation results demonstrate that the designed temperature-
based fan control system is capable of achieving smooth multi-level speed transitions even during temperature 
changes at multiple levels.

5. Conclusion
This study has successfully developed an intelligent fan speed control system based on indoor temperature 
feedback, aiming to improve energy efficiency and user comfort. Through a thorough analysis of existing fan 
speed control technologies, limitations in speed switching were identified. To address this issue, an intelligent 
control algorithm was designed and implemented, capable of dynamically adjusting fan speed based on real-
time temperature changes. Experimental results demonstrate that compared to traditional fan systems, our 
system can achieve smoother and more efficient speed adjustments while maintaining indoor temperature 
stability. This not only enhances energy usage efficiency but also significantly improves user comfort 
experience. Additionally, the system’s real-time responsiveness is crucial for adapting to constantly changing 
environmental conditions.
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