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Abstract. This paper studies the fuzzy PID controller design algorithm, and it has set up a hardware 

platform for the temperature control system thermal analyzer, respectively with MATLAB tools to 

conventional PID and fuzzy PID control method has carried on the simulation analysis, and in the 

actual building experiments have been carried out to test system platform. Experimental results 

show that the fuzzy PID control has good dynamic response and steady state characteristics, with 

strong anti-interference ability and better robustness and can satisfy the thermal analyzer 

temperature control system of a wide range of temperature control accuracy requirements. 

Introduction 

Thermal analyzer temperature control system has the characteristics of nonlinear, time-varying and 

time lag for the temperature control system of controlled object with these properties, and the 

conventional PID control method is difficult to meet the requirements of a wide range of 

temperature control precision. Fuzzy control is a kind of intelligent control method, and it has the 

characteristics of simple structure. It does not need accurate mathematics model, and it has been 

widely used in televisions, cameras, washing machines, refrigerators, electric rice cooker, air 

conditioning, cameras, copiers, and many other aspects. 

In order to improve a wide range of temperature control accuracy, this article adopts the method 

of fuzzy control and PID combination, design implements a fuzzy PID control based on ARM 

microprocessor thermal analyzer of the temperature control system. 

The Fuzzy Control Theory 

The fuzzy control principle is shown in Fig. 1. Fuzzy control system and computer control system 

of the main difference is usually adopted fuzzy controller. 

 

 
 

Figure 1.  Fuzzy controller 

 

Fuzzy control is made from fuzzy reasoning, reasoning processing and clarifications of three 

parts. Blur the process state information is the purpose of accurate value of membership function of 

fuzzy subset into language variables. Fuzzy reasoning is the use of fuzzy knowledge base of fuzzy 
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relation, fuzzy reasoning, fuzzy relation equation, and the fuzzy output. Motivation is the subset of 

fuzzy control that is transformed into the exact control output. 

The basic principle of fuzzy control is fuzzy controller by fuzzy of input processing, after a 

certain language rules of fuzzy reasoning, reasoning. It is concluded that the output of 

embarrassment, the controlled variable precision output values. 

Fuzzy Self-Tuning PID Controller 

Due to the conventional PID controller can't online setting parameters, and the conventional PID 

controller for nonlinear and time-varying complex system and the model is not clear that the system 

cannot well control. The PID parameters is not setting a very difficult or not setting, which 

sometimes can't get the expected control effect. So it does not have integral link and simple fuzzy 

controller, and it is difficult to completely eliminate the steady-state error in a fuzzy control system. 

There often will be a small oscillation phenomenon near the balance in the case of variable 

classification that is not enough. But the fuzzy controller and the model of complex system that can 

not clear carry out simple and effective control, so combining both fuzzy control and PID control. 

In this way, it both has the advantages of fuzzy control which is flexible and adaptable, and it has 

the characteristics of high precision of PID control. 

The fuzzy technology and PID control algorithm combining the fuzzy PID controller has a 

variety of methods. One fuzzy controller is used to give online self-tuning PID controller (or since 

the correction, self-tuning) PID parameters, and it constitutes fuzzy self-tuning or self-tuning PID 

controller parameters, another kind is in the big deviation within the scope of using proportional 

control, and fuzzy control in small deviation. Two kinds of control mode switch is to control 

according to predetermined deviation threshold, and this will constitute a fuzzy -p dual-mode piece 

wise controller. Similarly, the multimo de subsection control algorithm, can design according to 

different conditions and requirements section with different modal control. This system uses the 

first method, the use of fuzzy control for online self-tuning PID. 

According to the output of fuzzy inference machine direct physical meaning, a fuzzy PID 

controller can be divided into: gain gather, direct control of volume type and mixed type. Although 

there are many kinds of structure forms a fuzzy PID controller, and basically working principle is 

same. That is the basic principle and method of fuzzy mathematics, the rules of the condition and 

operation in fuzzy sets, the fuzzy control rules and related information as the repository of 

knowledge into computer, then the computer according to the actual response of the fuzzy 

reasoning system, which can realize the best adjustment of PID parameters. The structure of the 

more common fuzzy PID controller is shown in Fig. 2. 

 

 

 

Figure 2.  The basic structure of fuzzy self-tuning PID controller 

 

The basic idea of fuzzy PID controller is that first find out the three parameters of PID deviation 

e between the change of the ec deviation, the fuzzy relationship and detection e continuously in the 

run. Then according to the principle of fuzzy control we amend the three parameters row change, 

and in order to meet the different e and ec. According to the principle of fuzzy control to the three 
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parameters row change. It meets the different e and ec, to the different requirement of the control 

parameters. According to the parameters kp, Ki and Kd use, under the different e and ec, on the 

parameters of PID controller. 

The MATLAB Simulation 

Controlled Object as a Pure Lag Model: 

 

In the MATLAB command window to run a Fuzzy into Fuzzy logic editor, and establish a new 

file. We select the types of control model,  and it is based on the above analysis input respectively 

E, EC, ΔKP, ΔKi, ΔKd .K of membership According to the above article 49 fuzzy control rules to 

complete the control input, functions and quantitative range. 

Establishes a system files. After completing fuzzy controller file editor, it is saved to a folder. It 

is established the fuzzy self-tuning PID control system model [36, 37, 38] in SIMULINK, as shown 

in Fig. 3. 

 
 

Figure 3.  Fuzzy self-tuning PID control system model 

 

The thermal analysis instrument is mainly used for heating furnace, high temperature control, 

and general control temperature is not lower than 500 ℃.To observe in the control effects under 

different control mode, the temperature control experiment uses conventional PID control and fuzzy 

PID control in two ways. 

The design adopts thermal analysis instrument heating furnace temperature control experiments, 

as shown in Fig. 4. 

 
 

Figure 4.  Practicality picture of thermal analyzer temperature control system 
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Conventional PID and Fuzzy PID Simulation Results Are Shown in Fig. 5. 

 

 
 

Figure 5.  Simulation results 

 

It can be seen from the simulation results that the fuzzy self-tuning PID control has a smaller 

overshoot and the regulation of small amount of time. It has a good dynamic response and steady 

state characteristics, and the advantages of high accuracy. And it has good anti-jamming 

performance and good robustness. Obviously, the fuzzy self-tuning PID control is a kind of simple 

design, convenient for implementation and optimization of control rules and the intelligent 

controller with excellent performance has good dynamic performance, steady state characteristics of 

high precision. 

Using MATLAB simulation research on the fuzzy PID control method, and then this temperature 

control system, a experiment is carried out by the test results that can be concluded that the control 

system can coordinate work of software and hardware, the application of the fuzzy PID control 

method can meet requirements for temperature control in thermal analyzer. 

Summary 

In this paper, we study the rule of fuzzy PID control, and temperature control system for thermal 

analyzer has the characteristics of nonlinear, time-varying and time lag, the conventional PID 

control method is difficult to meet the requirements of a wide range of temperature control accuracy. 

Therefore the combination of fuzzy control and PID method, design and implements a fuzzy PID 

control of the thermal analyzer based on ARM temperature control system. Experimental test results 

show that the system is reliable, stable work, and it can better meet the requirements of high control 

precision of the system. 
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