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Abstract. This paper investigates the integration of Fuzzy Logic with PID (Proportional, Integral, 
Derivative) controllers to enhance the performance of temperature control systems. Traditional PID 
controllers, widely used in various applications, often encounter difficulties with nonlinear, time-
varying, and uncertain systems, resulting in performance issues like oscillations and overshoots. To 
mitigate these challenges, the adoption of Fuzzy PID control, which improves adaptability, 
robustness, and responsiveness by incorporating fuzzy logic into the control mechanism. The study 
involves simulations using Simulink to compare three distinct control models: conventional PID, 
standalone Fuzzy Control, and the hybrid Fuzzy PID Control across standardized control scenarios. 
Our results show that Fuzzy PID controllers significantly outperform traditional methods, especially 
in complex environments lacking precise mathematical modeling. The enhanced system response 
times and stability demonstrated by Fuzzy PID controllers suggest substantial potential for broader 
application across diverse industries, promising considerable improvements in operational efficiency 
and reliability. 
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1. Introduction 

In the quest for enhanced control systems applicable in diverse industrial and environmental 

settings, the fusion of Fuzzy Logic with traditional Proportional-Integral-Derivative (PID) controllers 

offers a compelling advancement in temperature regulation strategies [1]. This innovation is driven 

by the inherent limitations of conventional PID controllers, notably their suboptimal performance in 

dynamic and non-linear contexts frequently encountered in sectors like manufacturing and agriculture. 

Fuzzy PID controllers meld the adaptability of Fuzzy Logic with the straightforward operational 

framework of PID mechanisms, promising superior adaptability to fluctuations in system dynamics 

[2]. 

Stable temperature control is crucial across various settings for ensuring comfort, maximizing 

energy efficiency, and upholding safety standards. Traditional PID systems, while widespread, are 

hampered by several drawbacks such as their ineffectiveness in non-linear, time-varying, and 

uncertain environments, and the extensive fine-tuning required for complex systems [3]. Standard 

temperature control methods, including basic thermostats or PID controllers, often suffer from issues 

like oscillations, overshoots, and sluggish response times. 

Fuzzy PID controllers emerge as an optimal solution to these challenges. They exhibit remarkable 

adaptability, maintaining consistent performance despite changes in system parameters or 

environmental conditions [4]. Furthermore, their robustness and responsive nature significantly 

enhance temperature control. Fuzzy Logic Controllers (FLCs) are particularly effective, providing a 

smoother and more adaptive response tailored to environments characterized by complex and non-

linear thermal dynamics [5]. 

2. The Introduction of Fuzzy Logic System 

The introduction of fuzzy logic can be divided into two main parts to enhance understanding. The 

first part addresses the fundamentals of fuzzy logic, explaining its conceptual basis and significance 

in modern technology [6, 7]. 

The second part delves into the operational mechanics of fuzzy logic. It begins with the process of 

fuzzification, where precise inputs are transformed into fuzzy values based on predefined criteria. 
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These fuzzy inputs are then processed by an inference engine, which applies a set of rules to derive 

meaningful conclusions. The final step in the fuzzy logic process is defuzzification, where the fuzzy 

conclusions are converted back into precise outputs [8]. This sequence ensures that even with vague 

or imprecise inputs, structured and definitive outputs can be achieved. 

To elucidate these concepts further, consider the practical application of fuzzy logic in financial 

services, such as evaluating loan applications. In this scenario, a banker assesses a potential 

borrower’s credit rating to determine the associated risk of the loan. The fuzzy logic system 

incorporates a set of rules that might reflect the bank's past experiences and existing policies. For 

instance, the system can integrate various customer data points like payment history and current debts, 

applying fuzzy logic to evaluate the risk level. This method allows for nuanced decision-making, 

providing a more flexible approach compared to traditional binary systems [9, 10]. 

By leveraging fuzzy logic, banks can make more informed and tailored decisions, thus enhancing 

the accuracy and reliability of financial assessments. This example not only demonstrates the 

practicality of fuzzy logic but also highlights its potential to revolutionize decision-making processes 

across various industries. 

3. Simulation and Verification Based on Simulink 

3.1. Simulation Design and Verification 

The study established three control models: PID control, fuzzy control, and fuzzy PID control, to 

assess which model performs better in the same control environment. By comparing the control 

effects of the three models at a set temperature of 100 degrees, the control characteristics and 

performance of each model were analyzed. 

3.2. Construction and Description of Simulation Models 

Using Simulink, three control modules were established: PID, Fuzzy, and Fuzzy PID, and 

simulations were conducted for three identical controlled objects. The output results of all models 

were displayed on an oscilloscope to facilitate the comparison of waveform performances of the 

various control models. 

3.3. Detailed Introduction of Control Models 

PID Control Model: In this model, the trial-and-error method was used to adjust the parameters of 

the PID controller (Kp, Ki, Kd) to achieve optimal control results. This method relies on experience 

to gradually adjust parameters until the system response meets the preset requirements. 

Fuzzy Control Model: This module defines error as the difference between the target value and 

the feedback value, which is then input into the fuzzy controller. After fuzzification, fuzzy inference, 

and defuzzification processes, a precise control quantity is output and combined with another signal 

to form the final control command. 

Fuzzy PID Control Model: Combining the advantages of PID and fuzzy control, this model 

automatically adjusts the PID parameters (Kp, Ki, Kd) based on error and its change. The fuzzy 

inference is similar to the aforementioned fuzzy control, but the output is used to adjust the PID 

controller parameters, thereby optimizing the control output. 

3.4. Model Performance Comparison and Analysis 

The results show that the fuzzy PID control model performs best in terms of rise time, settling 

time, and overshoot. Compared to traditional PID controllers, the fuzzy PID controller not only offers 

better adaptability and flexibility but also provides effective control in complex systems without a 

precise mathematical model. 

Although conventional PID controllers are simple and practical, they are limited in their ability to 

adapt and adjust parameters. In contrast, fuzzy PID controllers, which combine fuzzy logic with PID 
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control, exhibit higher robustness and adaptability, making them suitable for complex control systems 

with large parameter variations. 

4. Applications of Fuzzy logic system 

4.1. Greenhouse Control 

Fuzzy logic systems, also known as expert control systems, are increasingly pivotal in enhancing 

the efficiency and quality of agricultural production within smart greenhouse automation systems. As 

global demands for food production, house plant cultivation, and agricultural research escalate, the 

need for precise and customizable environmental control systems becomes imperative.  

Fuzzy logic systems allow for the creation of a highly adaptable rules base, which can be tailored 

based on varying inputs such as weather forecasts, expert horticultural experience, and experimental 

data. For instance, greenhouse operators can proactively configure the rules base to align with 

upcoming weather predictions. This proactive approach facilitates the automated regulation of 

temperature, humidity, light intensity, soil moisture, and salinity, utilizing sensor data to adjust 

environmental parameters dynamically. Moreover, the integration of fuzzy logic systems with cloud-

based environmental and weather data can significantly enhance the responsiveness and accuracy of 

these controls, enabling real-time adaptations to changing conditions. This integration is crucial for 

optimizing growing conditions and ensuring peak operational efficiency in response to external 

environmental shifts. 

In the context of house plant cultivation, where plants may be particularly sensitive to 

environmental fluctuations, the sensitivity and rapid response capabilities of fuzzy logic systems are 

invaluable. These systems leverage the nuanced expertise of seasoned horticulturists, allowing for a 

high degree of customization in the rules base to meet the specific needs of different plant species. 

For agricultural research, fuzzy logic systems streamline the experimental process by allowing 

researchers to adjust the rules base according to real-time data from ongoing experiments. This 

flexibility enables rapid iteration and optimization of environmental parameters, reducing the 

redundancy of manual experiment adjustments and focusing efforts on data analysis and 

interpretation. In summary, fuzzy logic systems in smart greenhouse environments serve as a 

cornerstone for advanced agricultural practices. They not only enhance operational efficiency and 

adaptability but also support sustainable farming practices by optimizing resource use and reducing 

waste, thereby contributing to more intelligent, responsive, and sustainable agricultural systems. 

4.2. Industry Production 

Temperature control is an essential aspect of various industrial processes, playing a pivotal role in 

enhancing manufacturing efficiency and product quality. It is also a critical factor in ensuring 

machinery safety, as outlined in ISO 12100, which addresses heat hazards. The fuzzy control system, 

with its strong adaptability, robustness, and high responsiveness, proves to be highly effective in 

managing these challenges. In the specific context of power battery production, the heat-sealing 

process is a key operation where cells composed of cathode and anode materials are enclosed within 

an aluminum shell. This process, termed heat sealing, involves the use of a heat-sealing head that is 

notably extended in the longitudinal direction, making the uniform distribution of heat across the 

sealing interface both crucial and challenging. Achieving this uniformity is vital to prevent physical 

defects in the battery cells, which can impact performance and safety. 

Fuzzy logic control systems offer a valuable solution here. They utilize a rule base that integrates 

production data with the practical experience of onsite engineers to optimize the heat distribution. 

This approach allows for real-time adjustments in response to any variations in material properties or 

external conditions, thereby maintaining consistent quality. Moreover, by minimizing production 

defects, these systems contribute significantly to cost reductions. Overall, the implementation of 

fuzzy logic in temperature control for heat sealing processes in battery manufacturing not only 



Highlights in Science, Engineering and Technology ACME 2024 

Volume 111 (2024)  

 

563 

enhances product reliability but also aligns with industry safety standards, marking a significant 

advancement in industrial automation and quality assurance. 

5. Conclusion 

The comparative analysis of PID, Fuzzy, and Fuzzy PID controllers through Simulink simulations 

elucidates the significant benefits offered by the Fuzzy PID approach. This innovative model 

addresses common limitations associated with traditional controllers, such as overshoot and latency, 

while substantially improving adaptability and operational efficiency in control systems. The 

enhanced performance of Fuzzy PID controllers is particularly advantageous in scenarios requiring 

precise temperature regulation, including greenhouse agriculture and intricate industrial processes. 

Fuzzy PID controllers combine the straightforward structure and robust nature of conventional PID 

controllers with the intuitive logic of fuzzy control systems. This integration allows for dynamic 

adjustment of control parameters in real-time, adapting to complex, nonlinear processes without the 

need for manual retuning. Consequently, these controllers achieve faster response times and maintain 

more stable process control, which is crucial in maintaining optimal conditions in sensitive 

environments such as pharmaceutical manufacturing and food processing industries. 

The adaptability of Fuzzy PID controllers makes them exceptionally suitable for applications 

where environmental conditions and system dynamics frequently change. This capability to adjust 

control actions based on real-time data inputs reduces energy consumption and enhances process 

safety, making it a sustainable choice for advanced automation tasks. Despite these advancements, 

further research and development are necessary to fully harness the potential of Fuzzy PID controllers 

across a broader range of applications. Future studies should focus on refining the algorithms for even 

better precision and efficiency, exploring the integration of machine learning techniques to predict 

system disturbances proactively, and enhancing the user interface for easier implementation and 

maintenance. As control demands evolve with technological progress, Fuzzy PID controllers stand 

out as a promising solution to meet the complex requirements of modern control systems, promising 

significant improvements in both performance and reliability. 
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