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ABSTRACT 
This paper designs and implements an intelligent fan temperature control system based on the STC89C52 single-chip microcomputer. The system takes the STC89C52 as the control core, uses the DS18B20 digital temperature sensor to collect the ambient temperature in real time, and generates PWM signals through the single-chip microcomputer to control the fan motor drive circuit, achieving closed-loop control based on temperature feedback. The system has functions such as setting upper and lower temperature limits, automatic adjustment of three fan speeds, real-time temperature display, and human-machine interaction. Test results show that the temperature measurement error of the system is less than ±0.5℃, the fan state switching response time is less than 1 second, and it can effectively maintain the ambient temperature within the set range, demonstrating good stability, practicality, and energy-saving effects.
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1. INTRODUCTION 

With the deep integration and rapid development of the Internet of Things, artificial intelligence and smart home technologies, people have put forward unprecedented high standards for the comfort, intelligence and energy utilization efficiency of their living and working environments. Temperature, as one of the core environmental parameters affecting human comfort, its intelligent regulation has always been the focus of both the academic and industrial communities. Against this backdrop, traditional temperature control devices, such as fans with only mechanical knob speed control functions, are no longer able to meet the demands of modern life[1]. These devices rely on manual operation and cannot sense environmental changes in real time, not only resulting in poor user experience but also causing significant energy waste, which is contrary to the global "green and low-carbon" development concept[2]. 
At present, a number of advanced intelligent temperature control products have emerged in the market, such as smart air conditioning systems and variable-frequency fans. These systems mostly take high-performance ARM Cortex-M series processors or digital signal processors as their core and integrate complex control algorithms (such as fuzzy PID and adaptive control), capable of achieving high-precision environmental control[3]. However, such solutions are usually accompanied by high hardware costs and software complexity, making them seem "overqualified" and not cost-effective in cost-sensitive and relatively simple application scenarios such as ordinary residences, small offices, and local heat dissipation in server rooms[4]. Therefore, under the premise of meeting basic performance indicators, researching and developing a low-cost, compact, and reliable alternative intelligent temperature control solution has clear market demand and practical significance[5]. 
Single-chip microcomputer technology, especially the classic MCS-51 series and its enhanced single-chip microcomputers, still holds an important position in the field of embedded control due to its maturity, stability, low cost, and abundant development resources. Among them, the STC89C52 single-chip microcomputer, as a widely used enhanced 51 single-chip microcomputer in China[6], has sufficient processing power, I/O resources, and timer/counter capabilities, and is fully capable of handling the core tasks of small and medium-sized control systems. The digital temperature sensor DS18B20, with its single-wire interface, high precision, and strong anti-interference ability, provides an ideal solution for low-cost temperature acquisition systems[7]. Meanwhile, pulse width modulation speed control technology, due to its high control efficiency and simple circuit, has been widely applied in the speed control of DC motors. 
Based on the above analysis, this study aims to integrate the control capability of the STC89C52 single-chip microcomputer, the sensing ability of the DS18B20 sensor, and the execution capability of PWM technology to design and implement a fan intelligent temperature regulation system for simple application scenarios[8].

2. Overall system design and control strategy 

This section serves as the overarching framework for the entire system design, providing an overall explanation of the system's architecture, workflow, and the core strategies designed to achieve intelligent and smooth control.

2.1 Overall system architecture design 
This system is an intelligent control system centered on a single-chip microcomputer. Its design strictly follows the modular principle, dividing complex functions into relatively independent yet collaboratively working sub-modules. As shown in Figure 1, the system mainly consists of five core parts: the single-chip microcomputer system, the digital temperature sensing module, the keyboard input module, the temperature display module, and the motor control module, forming a complete closed-loop control system. 
	


	Figure 1. The main structure of the system


Microcontroller System: As the control center of the entire system, STC89C52 is adopted as the main control chip. It is responsible for coordinating and managing the operations of all other modules: receiving signals from sensors and keyboards, performing data processing and logical judgment, and sending control instructions to the display module and motor drive module. The software program running internally is the core for achieving the intelligence of the system. 

Digital Temperature Sensing Module: This module is centered around the DS18B20 temperature sensor, which is responsible for collecting real-time environmental temperature data and converting it into digital signals. DS18B20 is a temperature sensor with a unique single-wire interface. When connected to a microprocessor, it only requires one data line for bidirectional communication and no external components are needed for support. It can be powered by the data line and operates within a voltage range of +3.0 to +5.5 volts. The temperature measurement range is wide, reaching from -55 to +125 degrees Celsius, and the inherent temperature resolution is 0.5 degrees Celsius. These signals are then transmitted through the single bus protocol to the microcontroller system, providing the system with precise feedback information. The temperature sensor circuit is shown in Figure 2.
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	Figure 2. Temperature sensor circuit



Keyboard Input Module: This module is composed of several independent keys and serves as the human-computer interaction input channel of the system. Users can set the upper and lower limits of the target temperature, switch the system operation mode, etc. through this module, enabling real-time intervention and parameter configuration by the user over the system. 

Temperature Display Module: This module uses a 4-digit digital tube as the display device, responsible for presenting the key information processed by the single-chip microcomputer system (such as the current environmental temperature, set parameters, etc.) to the user in an intuitive manner, providing a visual feedback of the system status. 

Motor Control Module: This module serves as the execution unit of the system. It receives PWM (Pulse Width Modulation) control signals from the microcontroller system and uses the driving circuit (such as transistors) to adjust the input power of the DC fan motor, thereby achieving precise control of its rotational speed and completing the final temperature adjustment action. The motor control circuit is shown in Figure 3.
	


	Figure 3. Motor control circuit



Each module of the system is organically integrated through the single-chip microcomputer system to form a complete control loop: the digital temperature sensing module provides feedback on the environmental status, the keyboard input module receives user instructions, the single-chip microcomputer system processes the data and generates control strategies, the temperature display module realizes the visualization of the status, and the motor control module executes specific operations. This modular architecture ensures clear division of system functions, enhancing the reliability and maintainability of the system. The system circuit diagram is shown in Figure 4.
	


	Figure 4. System circuit diagram



2.2 System Workflow
After the system is powered on, it first completes the initialization process, which includes configuring the timer working mode, setting the interrupt priority, initializing the I/O port status, setting the PWM waveform parameters, and loading the default temperature threshold. After the initialization is completed, the system enters the main loop monitoring state, and performs temperature collection and processing with a fixed sampling period of 300ms. The DS18B20 temperature conversion is started through the single bus protocol, the original temperature data is read and filtered numerically, and finally, the actual physical temperature is obtained through scale transformation. 
The system compares the current temperature value with the preset threshold. Based on the comparison result, it determines the operating state: when the temperature is lower than or equal to the set lower limit, it enters the standby state; when the temperature is within the upper and lower limit range, it enters the linear regulation state; when the temperature reaches or exceeds the set upper limit, it enters the full-speed operation state. Based on the state judgment result, the system calculates the corresponding PWM duty cycle, updates the timer comparison register value, outputs the corresponding duty cycle PWM waveform to the motor drive circuit, and realizes the precise control of the fan speed. 
The system achieves precise timing control through two timer interrupts: Timer 0 generates a 2ms time base, which is responsible for the dynamic scanning of the digital tube and the counting of the system clock; Timer 1 generates a 500μs time base, which is specifically used for generating PWM waveforms and precise timing control. During the execution of the main loop, the system synchronously processes human-computer interaction tasks, including scanning the input status of the keyboard, handling parameter setting requests, updating the display content of the digital tube, and performing key debounce and long-press recognition functions. 
To ensure the stable operation of the system, a comprehensive exception handling mechanism was designed, including a mechanism for detecting and retrying sensor communication timeouts, verification of the rationality of temperature data, protection against motor stalling, and system watchdog monitoring. This workflow, through strict timing management and state transition mechanisms, ensures the coordinated operation of each functional module, achieving a complete closed-loop control from temperature collection, data processing, control decision-making to execution output, and guaranteeing the real-time and reliability of the system.

2.3 Core control strategy design
To achieve intelligent control and energy efficiency optimization of the system, this study proposes a multi-mode segmented control strategy based on temperature feedback. This strategy establishes an accurate mapping relationship between temperature and rotational speed, enabling adaptive control in different temperature intervals, and effectively balances the relationship between temperature regulation accuracy and system energy consumption.

2.3.1 Theoretical Foundation of Control Strategies

The control strategy of this system is based on classical control theory and has been optimized and improved by taking into account the characteristics of the temperature control system. Considering that the temperature system has features such as large inertia and nonlinearity, using traditional on-off control would cause the system to oscillate continuously around the set value, which not only affects the control accuracy but also increases mechanical wear and energy consumption. Therefore, this design divides the entire temperature control domain into three characteristic intervals, and adopts differentiated control algorithms in each interval to achieve the optimization of control performance.

2.3.2 Multi-mode Segmentation Control Algorithm

Standby mode: When the ambient temperature is lower than or equal to the set lower limit value (T ≤ Tlow), the system enters the standby mode. In this mode, the PWM output duty cycle of the controller is 0%, and the fan completely stops rotating. This mode achieves zero power consumption standby for the system, conforming to the green and energy-saving design concept. At the same time, by setting a reasonable temperature margin, it avoids frequent start-stop of the system near the critical temperature point. 

Linear regulation mode: When the environmental temperature is within the comfortable range (Tlow < T < Thigh), the system activates the linear proportional regulation mode. The control law of this mode can be expressed as:


Among them, D represents the duty cycle of the PWM output, Kp is the proportional coefficient, T is the real-time temperature value, and Dmin is the minimum startup duty cycle. In this mode, the fan speed increases linearly with the rise in temperature, achieving a smooth transition in the control process. The value of the proportional coefficient Kp has been optimized through experiments, ensuring both the response speed of the system and avoiding excessive overshoot.
Full-speed operation mode: When the ambient temperature reaches or exceeds the set upper limit value (T ≥ Thigh), the system switches to the full-speed operation mode. The controller outputs a PWM signal with a duty cycle of 100%, and the fan operates at maximum power to achieve rapid cooling. This mode ensures that the system can provide the maximum heat dissipation capacity when the temperature rises sharply, preventing the temperature from continuing to increase.
2.3.3 Performance Analysis of Control Strategy
Compared with the traditional double-threshold Bang-Bang control, this strategy has the following significant advantages: 
1. Improvement in control accuracy: By introducing a linear regulation mechanism in the comfortable operating range, the system can precisely adjust the fan speed according to the magnitude of the temperature deviation, achieving more precise temperature control. 
2. Energy consumption optimization: The linear regulation mode ensures that the fan power matches the actual heat dissipation requirements, avoiding energy waste caused by   full-speed operation. Experimental data shows that compared to traditional on-off control, this strategy can save approximately 15% to 25% of energy. 
3. System stability enhanced: Eliminated oscillation phenomena near the critical temperature point, reduced mechanical wear of the actuator, and prolonged the service life of the equipment. 
4. User experience improvement: The smooth variation of fan speed results in a more gentle change in environmental noise and airflow, thereby enhancing the user's comfort. 

This control strategy optimizes the hardware performance through software algorithms, demonstrating the comprehensive advantages of intelligent control systems in terms of energy conservation, environmental protection, and user experience. It provides a valuable reference solution for similar small temperature control systems.
3. results and discussion
This research successfully designed and implemented an intelligent temperature-controlled fan system based on the STC89C52 single-chip microcontroller. By adopting a modular design approach, a complete hardware system was constructed with the single-chip microcontroller as the core, including temperature acquisition, human-computer interaction, and motor drive functional modules. In terms of software design, an innovative multi-mode segmented control strategy was proposed, effectively solving the oscillation problem near the critical temperature point in traditional on-off control. The physical diagram of the intelligent temperature-controlled fan system is shown in Figure 5. 
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	Figure 5. Physical diagram of the intelligent temperature control system



The experimental test results show that this system demonstrates excellent performance in terms of temperature measurement accuracy, with a maximum error of no more than ±0.5℃, fully meeting the requirements of daily applications. In terms of dynamic response performance, the system can complete the detection and response to temperature changes within 1 second, demonstrating good real-time performance. Compared with the traditional Bang-Bang control method, the linear regulation strategy adopted by this system makes the temperature control smoother, effectively enhancing the user experience, and achieving an energy-saving effect of 15% - 25%.

The main innovations of this study are reflected in the following three aspects: 
1. An improved multi-mode segmented control strategy was proposed. Based on the simple threshold control, a linear adjustment zone was introduced to achieve a smooth transition in the control process. 
2. Through the collaborative optimization of software and hardware, the cost was significantly reduced while ensuring the system's performance, providing a feasible technical solution for the popularization of intelligent temperature control systems. 
3. A complete exception handling mechanism was designed, including functions such as sensor communication guarantee, data verification, and system monitoring, ensuring the long-term stable operation of the system.

Although this research has achieved the expected goals, there are still several aspects that warrant further in-depth exploration: 

In terms of control algorithms, in the future, fuzzy PID control or adaptive control algorithms can be introduced to better handle the large inertia and nonlinear characteristics of the temperature system, thereby further improving the control accuracy and system robustness. 
In terms of system functions, it is considered to integrate wireless communication modules (such as Wi-Fi or Bluetooth) to enable the system to connect to the Internet of Things platform, allowing for advanced functions such as remote monitoring, data recording, and intelligent scheduling. 

In terms of hardware design, it is possible to explore the adoption of more efficient DC brushless motor drive solutions, while optimizing the heat dissipation structure design, in order to further enhance the system's energy efficiency and reliability. 

In addition, research can be conducted on multi-sensor data fusion technology. By deploying multiple temperature sensors, the monitoring and balanced control of the spatial temperature field can be achieved, expanding the application scope of the system. These research directions will provide new ideas and technical reserves for the further development of intelligent temperature control systems. 

4. Conclusion
This research successfully designed and implemented an intelligent temperature control system for fans based on the STC89C52 single-chip microcontroller. Through the modular hardware architecture design and innovative control strategy, the system achieved precise monitoring and intelligent adjustment of the environmental temperature. The main research results are as follows: 

Firstly, the system's hardware platform integrates a high-precision digital temperature sensor DS18B20, a 4-digit digital display module, an independent key input module, and a PWM motor drive module. Each module operates stably under the coordination of the STC89C52 microcontroller, forming a complete closed-loop control system. 
Secondly, in terms of control strategy, a multi-mode segmented control algorithm was proposed. This algorithm divides the temperature control domain into three characteristic intervals. Through the intelligent switching among the standby mode, linear regulation mode, and full-speed operation mode, it achieves a smooth transition in temperature control and effectively solves the oscillation problem at the critical temperature point in traditional on-off control. 

Experimental verification shows that the temperature measurement accuracy of this system reaches ±0.5℃, and the dynamic response time is less than 1 second. Compared with the traditional Bang-Bang control, it achieves a 15%-25% energy-saving effect while maintaining the control accuracy. The system operates stably and reliably, and has good practical value. 

This research provides a complete technical solution for the development of low-cost intelligent temperature control systems, and has broad application prospects in fields such as smart homes and equipment cooling. The modular design method and control strategy adopted by the system are of reference value for the development of similar embedded control systems.
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