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ABSTRACT: The Continuous Stirred Tank Reactor (CSTR) is an important production facility in the chemical 

production industry. Most chemical production uses CSTR, such as chemical fiber, plastic, synthetic materials and so on. 

In addition, CSTR is also widely used in the production of pharmaceutical, paint, fuel, pesticide and other industries. For 

this reason, how to effectively control the CSTR effectively becomes an extremely important research topic in this field, 

and has been concerned by professional technicians. This paper introduces the fuzzy PID self-tuning control algorithm 

to replace the dual/valve-the PID algorithm of the main loop controller of the cascade control system. The simulation 

results show that the fuzzy control algorithm is applied to the dual/valve position-cascade control loop, which can greatly 

improve the control performance, reduce the overshoot, reduce the adjustment time, and increase the reliability of the 

system. Provide theoretical significance and practical value. 
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INTRODUCTION 

Automatic control technology refers to the operation of a certain working state or parameter of a machine, equipment 

or production process automatically according to a predetermined rule by means of additional equipment and devices 

without the direct participation of others [1]. In modern society and industrial production, it plays an increasingly 

central role and becomes one of the important criteria for measuring the degree of modernization of the chemical 

process industry. Petrochemicals are closely related to human life and have always occupied a very important position 

in the national economic construction. It can be said that the chemical production process involves the military 

technology, energy development and utilization, and all aspects of human social life. Continuous development and 

innovation, in order to more rational development and more efficient use of limited resources, in the research of 

chemical systems, constantly combined with various emerging disciplines, such as systems engineering, operations 

research, process control and computer technology, etc [2-4].  

Many new opportunities and challenges have come of advanced technologies to chemical systems and chemical 

production processes to improve or overcome the shortcomings and shortcomings of some traditional industrial 

methods has become a new hot issue in the field of chemical process research [5-12]. In a study, in order to solve the 

problem of long calculation time of model, according to the trend of polymerization dispersion and output rate 

changing with the length of reaction time, a new CSTR system model based on aggregate multi-particle model is 

proposed [13]. A new type of computational algorithm; the literature established a dynamic mathematical model of 

CSTR, which was improved in accuracy; the literature established and simulated the verification of a polymerization 

reactor with a series structure to provide multi-reactor modeling [14, 15]. The based on the specific continuous stirred 

reactor production, based on the solvent method, established and simulated a static model of propylene polymerization 

steady state, the research shows that the calculation error of the model is very small which established [16, 17]. The 

dynamic mathematical model of propylene polymerization was carried out, and a series of simulation analysis was 

carried out by using the calculated physical property transfer parameters.  
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In used the neural network principle for the first time to establish the mechanism model of CSTR in order to improve 

the accuracy of the model [18]. In proposed the research based on the liquid phase ontology of polypropylene based 

on the research of actual industrial equipment [19]. The steady-state model and dynamic model of CSTR, and the 

influence of the change of operating conditions on the output of CSTR is analyzed through simulation research. In, a 

dynamic mechanism model was established for the CSTR system [20]. Through the model, the concentration of the 

reactants, the reaction rate, the cooling water outlet temperature, and the operating conditions were analyzed. The 

trend of parameters such as temperature of reaction system; adopted a new structure approximating hybrid neural 

network based on neural network modeling, and established a mathematical model of CSTR to more accurately 

describe the variables [21]. In established a practical CSTR steady-state mechanism model from the perspective of 

analyzing the molecular weight of polypropylene and the conversion of propylene and operating conditions in the 

reaction system [22]. The literature proposes a new PID algorithm, which combines the advantages of genetic 

algorithm optimization and improves the control of traditional PID on CSTR [23]. In study the effect is also based on 

the PID algorithm, combined with the fuzzy algorithm and neural network structure, proposes a composite control 

strategy, and achieved good results; is mainly designed for the driving process of CSTR [24, 25]. A practical CSTR 

nonlinear robust control algorithm. In in order to improve the CSTR control effect of industrial sites, based on an 

improved tracking differentiator [26]. A second order ADRC control scheme has achieved good results; through a 

combination of sliding mode variable structure control ideas, a series of complex nonlinear chemical process control 

schemes represented by CSTR Provide new ideas [27]. 

In the research of the control field, only the control system can be expressed in a mathematical way, and then 

quantitative analysis can have research value. However, how to realize these fuzzy states in mathematics in practical 

research is the basic subject of current research. With the need of development, the concept of fuzzy sets is introduced, 

which can express these fuzzy states in actual research in a clear way for quantitative analysis. In this paper, the fuzzy 

control method is an effective control method. The basic principles of fuzzy control and how to apply the fuzzy 

controller to the previous chapter. The dual/valve position mentioned is in the cascade control. The brief introduction 

for the mathematical model of the cooling device pipe, the tank and the PID-based control scheme were discussed, 

and the temperature of the normal working condition was achieved by improving the control scheme to achieve the 

purpose of coordinating the pipe and tank control characteristics. In the control, both the advantages of the two cooling 

devices can be taken into consideration, and the deficiencies can be overcome to ensure that the required temperature 

can be constant under normal operating conditions. 

RELATED WORK 

Analysis of conventional PID 

The conventional PID control developed in the field of control has been widely used in various fields due to its simple 

operation and good stability as shown in Fig.1. Eq. (1) is the open-loop transfer function of the PID controller: 

                                                                                                                                   (1) 

In the control process, it mainly plays the role of eliminating deviation, which has an important impact on the rapidity 

of the system. When the system produces a deviation, it can immediately produce an effect and eliminate the deviation. 

Its effect is related to the size of the proportional coefficient KP. Increasing KP can improve the response speed of the 

system, but too high a proportional effect will destroy the stability of the system and cause a large overshoot. The 

main role is to have a memory effect on the error, which can eliminate the residual of the system. The magnitude of 

its effect is also related to the size of its corresponding coefficient KI. It is worth noting that the integral action has 

hysteresis. The proper integral action can eliminate the system residual and improve the system accuracy. Excessive 

integral action will reduce the dynamic characteristics of the system and make the system control effect worse. 
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Figure 1. PID single loop control block diagram 

Through experimental analysis and summarization of experience, it can be concluded that the deviation e(t), the 

deviation change rate de(t)/dt and the three parameters of the PID controller KP, KI, and KD have the following 

relationship. When the response starts, e(t) is very large. At this time, it is necessary to speed up the response of the 

system to quickly reach the set value. Then KP needs to be increased to the appropriate requirements, so that the 

response time of the system is shortened and the damping coefficient is reduced. It is necessary to take a smaller KD 

to ensure the rapid response; in addition, in order to avoid a large overshoot, the integral action of the system is 

removed, that is, KI=0. 

The Figure 2 the system response is about to reach the set value, i.e e(t) is at medium maximum. Since in order to 

speed up the response of the system, KP is large at the beginning, then it is necessary to reduce the KP in response to 

reduce the overshoot; for KD to be appropriate, it cannot affect the rapidity of the system and cannot destroy its 

stability. And at this time, it is necessary to increase the KI appropriately to reduce the residual. When the system tends 

to be steady, i.e when e(t) is small. At this time, the accuracy of the system is considered. It is necessary to take a 

larger KP and KI to increase the accuracy of the system, and in order to prevent the system from oscillating, the KD 

value at this time is smaller. 

 

Figure 2. Three Phase Diagram of PID Step Response 

Basic principles of fuzzy control  

The structure of the fuzzy control system is shown in Figure 2. It differs from the traditional PID control only in that 

it replaces the traditional controller C with a fuzzy controller FC. 
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Figure 2. Block diagram of fuzzy control 

In general, the system containing the FC controller is called a fuzzy control system. FC is the core of the fuzzy control 

system. The fuzzy control system is the same as the PID except that the controller is different from the conventional 

PID system. The main task of FC is to draw due conclusions through fuzzy rules and approximate reasoning, and this 

process is dealing with fuzzy sets. Therefore, in the FC, the clear amount x1 input to it needs to be fuzzified, and finally 

the fuzzy amount is converted into a clear amount to control the controlled object. Several concepts are introduced 

below: 

1) Fuzzification: The actual input is input into the fuzzy controller, and the controller classifies the membership 

function and the fuzzy control subset by fuzzy control relationship, that is, converts the precise quantity into the 

fuzzy quantity. 

2) Knowledge Base: A series of control rules and databases summarized through control experience. The rules are 

formed by people in the actual control experience. Its role is to use the fuzzy control language to describe the 

control set formed by the control quantity; the database is used to store related data such as fuzzification, fuzzy 

reasoning, and defuzzification. 

3) Fuzzy reasoning: The controller simulates the human thinking mode to infer the corresponding control strategy 

under the constraints of the rules to reach the control purpose. 

4) Defuzzification: Since the control object cannot directly recognize the control strategy formed by the fuzzy 

controller, these control strategies are converted into corresponding accurate values, that is, defuzzification. The 

process is divided into two steps: first, the formed control strategy is correspondingly described in the fuzzy subset 

of its output, and then the principle of the fuzzy subset is transformed into the exact value (clear value) that the 

system can recognize. 

To put it simply, the fuzzy set is to extend the classical set {0,1} to the closed interval [0,1], which is to express the 

intermediate quantities of the two states of 0 and 1, reflecting the state in which there are countless possible states in 

the two states. That is to say, a state may belong to any point between 0 and 1. Eq.(2) is the definition formula of the 

fuzzy set. 

                                                                                                                               (2) 

�̃� is the fuzzy set or fuzzy subset on the domain U; (x) indicates the degree to which each element x belongs to the 

set �̃� in the universe U, and the element x belongs to the membership function of the fuzzy set �̃�. When x is a certain 

element x0, �̃�(x0) is the membership degree of the element pair fuzzy set �̃�. Fuzzy statistical method: Actually, using 

the statistical principle, in a large amount of experimental data, find out the law, that is, to find out the degree of 

membership of different subsets in the set A. Find the most appropriate membership function through this one-to-one 

correspondence. Let N experiments be carried out, and consider that the number of times 0 belongs to F set A is n, 

then the ratio of n to N is regarded as the membership degree of 0 to A, which is denoted as A(0), namely: 
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                                                                                                                                                     (3) 

2）Binary Contrast Arrangement: Among a large number of elements, sorted by a specific rule. Then, based on the 

sorted results, after mathematical analysis, determine the general shape of the coordinate system by the known number 

                                                                                                                                              (4) 

This calculation process is like calculating the center of gravity of a uniform plate. If the domain U=u1, u2, A, un is 

discrete and the membership function at uj is A(uj), then ucen can be calculated by: 

                                                                                                                                                  (5) 

This calculation formula is like calculating the center of gravity of a multi-mass planar system. The area center of 

gravity method is intuitive and reasonable, but the calculation is slightly complicated. Mean method: If there are 

multiple points in the domain of the fuzzy set, the maximum membership value is taken, then the abscissa of the mean 

umom of these points is taken as the representative point of the fuzzy set. This method is called the maximum 

membership average. Value method. 

                                                                                                                                                   (6) 

Where Uj is the maximum value in each set. 

PROPOSED METHOD 

Design Principles 

Based on the above design ideas, it is necessary to find a correlation between the deviation of the parameters of the 

PID parameters from the controller e(t) and the deviation change rate de(t)/dt. But in reality, it is difficult to describe 

them with precise mathematical expressions, so it is impossible to build accurate mathematical models. However, the 

fuzzy control method can be easily realized and achieves good control effect that is, fuzzy self-tuning PID control is 

adopted. Fig.3 shows the fuzzy self-tuning PID control diagram. The principle is that the F controller inputs the error 

e(t) and the error rate of change de(t)/dt into the PID control through the PID parameter adjustment value of the 

processed output to realize the PID parameter. Online adjustments. The advantage of this method is that it does not 

need to mathematically model the control parameters and de(t)/dt, e(t) to increase the achievability, and can achieve 

considerable control effects in the experiment. 
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Figure 3. Fuzzy self-tuning PID control structure 

Fuzzy Self-tuning PID Dual Control 

According to the design idea, the fuzzy/self-tuning PID controller replaces the dual/valve position mentioned in Figure 

4 shows the dual control block diagram of fuzzy self-tuning PID. The main loop controller of the cascade control 

system using Dual / valve. For CSTR such nonlinear system, TC adopts fuzzy self-tuning PID control. The algorithm 

can achieve a more ideal control effect. Compared to the dual/valve position-cascade control system, the system 

simply changes the main loop controller. When the temperature deviation e(t), the PID controller responds 

immediately. With the variation of the deviation e(t) and the variation rate of the variation rate de(t)/dt, the fuzzy 

controller passes the approximate reasoning according to the changes of the two. The PID parameter correction value 

used at a certain moment is obtained, and the correction value is added to each control parameter of the PID controller, 

thereby changing the control performance of the PID controller in real time, so that it has relatively good control effect 

in different control stages. 

 

Figure 4. Fuzzy self-tuning PID dual control block diagram 

Selection of fuzzy controller 

Figure 5 shows the schematic diagram of the Mamdani-type fuzzy controller.  
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Figure 5. Schematic block diagram of Mamdani two-dimensional fuzzy controller 

Where D/F is the fuzzy module, AR is mainly used for approximate reasoning, and F/D is the clear module to form 

the core of the fuzzy controller. 

SIMULATION RESULT 

Selection of Fuzzy Control Rules 

In the design scheme, since the fuzzy controller outputs only the correction value of the PID parameter, it is determined 

according to the experimental analysis that the fuzzy sets of KP, KI, and KD are -3, -2, -1, 0, 1, 2 3, according 

to the dual/valve position obtained in Chapter 3—the control parameters KP, KI, KD of the main circuit of the controller, 

the basic domain is [-15, 15], [-0.4, 0.4] , [-3, 3]. It is concluded that their respective scale factors are kUP=5, kUI=2/15, 

kUD=1. 

Combining the above qualitative analysis, combined with the actual operational experience and taking into account 

the error rate of change de(t)/dt, the following control rules for modifying the PID parameters are obtained. The fuzzy 

controller processes the absolute value of the error and the absolute value of the error rate by the fuzzy control rule to 

generate the correction value of the PID parameter, and then performs the online setting of the parameter, thereby 

achieving a considerable control effect.  

The Gaussian membership function is selected in the design of this subject. The membership function of the input and 

output is shown in Figure 7 and 8: 

 

Figure 7. Membership of the input quantity 
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Figure 8. Output membership function 

Controller design 

The fuzzy pop-up fuzzy controller's edit window and set two input quantities by using MATLAB/SIMULINK as 

shown in Figure 9. 

 

Figure 9. Editing window of the fuzzy controller 

Gaussian membership functions are used for the same output KP, KI, KD, and the respective fuzzy subsets are 

evenly distributed over the basic fuzzy domain. According to the fuzzy rule control table above, the fuzzy control rule 

is edited in Matlab/simulink, which is the basis of the fuzzy controller operation, as shown in Figure 10. 
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Figure 10. Editing interface of fuzzy control rules 

Model validation 

According to the design idea, the picture below shows the simulation program of Matlab/Simulink. 

 

 

Figure 11. Matlab Simulink of Proposed Model 
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Figure 12. Simulation Curve of Cascade and Fuzzy Dual PID Control Temperature 

The overshoot of δ=70%, the adjustment time tss=80s, the steady state error ess=0, and the overshoot of δ=40%, the 

adjustment time tss=40, and the steady state error ess=0. It shows that after using the fuzzy PID self-tuning control 

scheme, the control effect is obviously improved, and the original control system is further optimized. Compared with 

the dual/valve position-cascade control, the fuzzy self-tuning PID dual control can adjust the parameters online, that 

is, to achieve the best matching control parameters according to the needs at different times, so as to achieve better 

control effects. 

CONCLUSION 

In the development of industrialization, CSTR is becoming more and more widely used today, and its temperature 

control problem is getting more and more attention. In this paper, the dynamic characteristics of the CSTR system 

were quantitatively analyzed in the context of pulp-based polypropylene, and the cooling device was modeled. The 

final temperature control system was determined through experimental comparison, but there are still some important 

issues worthy of further analysis. Through the simulation experiment, the control scheme of adding fuzzy self-tuning 

PID is obtained, which has a greater improvement than the control effect before the improvement, and its feasibility 

and superiority are verified. The fuzzy PID is less applied to the temperature control of CSTR, and it needs to be 

continuously verified and summarized and then can be applied to actual production. 
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