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Abstract: Continuous Stirred Tank Reactor (CSTR) is an important subject in chemical process and offering a diverse range of researches in the 
area of the chemical and control engineering. Various control approaches have been applied on CSTR to control its parameters. This paper 
gives the demonstration about the temperature control of CSTR reactor using a fuzzy PID controller to meet the desired temperature in 
presence of set point changes. The parameters of PID controller can be calculated by conducting Relay feedback on process. Fuzzy logic is one 
of the most successful applications of fuzzy set in which the variables are linguistic rather than numeric. The development of an effective 
methodology for the design of such control systems undoubtedly requires the synthesis of many concepts from artificial intelligence. The most 
commonly used controller in the industry field is the PID controller. Fuzzy logic controller (FLC) provides an alternative to PID controller, 
especially when the available system models are inexact or unavailable. A FLC is based on a set of control rules (fuzzy rules) among linguistic 
variables. CSTR system is a typical chemical reactor system with complex non-linear dynamic characteristics. The fuzzy PID control algorithm 
is designed for the flow process station to improve the control performance better than the conventional PID controller. PID controller works 
well only if the mathematical model of the system could be computed. Hence it is difficult to implement PID control for variable as well as 
complicated systems. The proposed method can be used to realize data process and advanced control to improve the quality of the control. The 
simulation is carried out and the simulation results present the flexibility of the CSTR temperature control. 
 
Keywords: CSTR, PID, Fuzzy controller, rule base, fuzzypid, MATLAB/SIMULINK. 

I. INTRODUCTION 
Industrial process control systems have many features 

such as non-linear, inertial lag, time delay and time varying 
so on. Due to this, precise mathematical modeling is not 
possible. Traditional PID algorithm does not hold well for 
such systems which has disturbances. FuzzyPID has more 
advantages as compared to PID. It has fast response, small 
overshoot and good anti-interference ability. In this paper a 
novel method for such system is introduced, named 
FuzzyPID. This method has the merits of both Fuzzy and 
PID.  The fuzzyPID control of these papers was simulated in 
simulation platform MATLAB. A CSTR (Continuous 
Stirred-Tank Reactor) is a chemical reaction vessel in which 
an impeller continuously stirs the contents ensuring proper 
mixing of the reagents to achieve a specific output. The 
problem of controlling of CSTR is considered as an attractive 
and controversial issue, especially for control engineers, 
corresponding to its nonlinear dynamic. Most of the 
conventional controllers are restricted just for linear time 
invariant system applications. However, in real environment, 
the nonlinear characteristics of the systems and their 
functional parameters changes, due to wear and tear, cannot 
be neglected. Furthermore, dealing the systems with 
uncertainties in real applications, is the another subject which 
must be noticed. In this way, the role of the adaptive and 
intelligent controllers, by the capability of the overcoming 
the above mentioned points are of the importance. 

II. FUZZY LOGIC CONTROLLER 
The design of intelligent control systems has become an 

area of intense research interest. The development of an 
effective methodology for the design of such control systems 

undoubtedly requires the synthesis of many concepts from 
artificial intelligence, Fuzzy logic controller (FLC), 
especially when the available system models are inexact or 
unavailable. Fuzzy Logic (FL) is an approach to control 
engineering problems, which mimics how a person would 
make decisions, only much faster. FL incorporates a simple 
rule-based “ IF X AND Y THEN Z” approach to a solving 
control problem rather than attempting to model a system 
mathematically [7,8]. The FL model is empirically-based, 
relying on an operator’s experience rather than his technical 
understanding of the system. In other words fuzzy logic is 
used in system control and analysis design, because it 
shortens the time for engineering development and 
sometimes, in the case of highly complex systems, is the only 
way to solve the problem [9, 10]. Every Fuzzy system is 
composed of four principal blocks as shown in Fig:1. 

 

 
Figure 1. General structure of fuzzy Inference System 
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1. Fuzzification 

The Fuzzy set of the Error input, Change in Error input 
and output Fuzzy sets which contains 7 Triangular 
memberships as shown in figure-5, figure-6 and figure-7. 

2. Control Base Rules 

Table-2 presents the knowledge base defining the rules 
for the desired relationship between the input and output. The 
knowledge base comprises knowledge of the application 
domain and the attendant control goals. It consists of a data 
“base” which provides necessary definitions, which are used 
to define linguistic control rules and fuzzy data manipulation 
in an FLC and the rule base characteristics, the control goals 
and Control policy of the domains experts by means of a set 
of linguistic control rules. Decision making logic is the 
kernel of an FLC. It has the capability of simulating human 
decision making based on fuzzy concepts and of interring 
fuzzy control actions employing fuzzy implication and the 
rules of inference in fuzzy logic. 

3. Defuzzification 

The center of gravity “centroid” method was used in this 
paper. The controller has been tested using Simulink in 
MATLAB. 

III. CSTR MODELLING 

Chemical reactions in a reactor are either exothermic 
or endothermic and therefore require that energy either be 
removed or added to the reactor for a constant 

temperature to be maintained. Figure 1 illustrates the 
schematic of the CSTR process. In the proposed CSTR, 
an irreversible exothermic reaction takes place. The heat of 
the reaction is removed by a coolant medium that flows 
through a jacket around the reactor. A fluid stream A is 
fed to the reactor. A catalyst is placed inside the reactor. 
The fluid inside the reactor is perfectly mixed and sent out 
through the exit valve. The jacket surrounding the reactor 
also has feed and exit streams. The jacket is assumed  to  
be  perfectly  mixed  and  at  a  lower  temperature  than  
the  reactor [9],[10]. The mathematical model equations are 
obtained by a component mass balance (1) and energy 
balance principle (2) in the reactor. 

 
Figure 2. Continuous Stirred Tank Reactor Process. 
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Where Tj is the jacket temperature as the input, while Ca and T are concentration and temperature of reagent as the outputs 
respectively. It should be noted that the objective of control is to manipulate the jacket temperature Tj so it keeps the 
temperature of the system at the desired level. All parameters are considered from paper [14] as follows:  

Table I.  Mathematical modelling parameters of CSTR 

IV. PID CONTROLLER 

A proportional-integral-derivative controller (PID 
controller) is a generic control loop feedback mechanism 
widely used in industrial control systems. A PID controller 
calculates an “error” value as the difference between a 
measured process variable and a desired set point. The 
controller attempts to minimize the error by adjusting the 
process control inputs. The diagram below shows a 
simplified PID controller. 

 
The tuning parameters of PID controller are calculated 

by conducting the relay feedback test on the process. The 
ultimate gain and ultimate period will provide tuning 
parameters based on Z-N closed loop method. 

Variables Values Units 

Ca Na lbmol/ft3 

T Na  

Ea 32400 BTU/lbmol 

K0 1.50E+13 Hr-1 

ΔH -45000 BTU/lbmol 

U 75 BTU/hr-ft2-of 

Ρ 53.25 BTU/ft3 

R 1.987 BTU/lbmol-of 

V 750 ft3 

F 3000 ft3/hr 

Caf 0.132 lbmol/ft3 

Tf 60 oF 

A 1221 ft2 
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Figure 3. Simplified PID controller 

 

V. FUZZY PID CONTROL ALGORITHM 

The structure of fuzzy PID is shown in fig.4. It 
consists of two parts, one is the conventional PID 
controller and the other is fuzzy controller. The inputs are 
the error and the error rate. The outputs are the Kp, Ki and 
Kd values. The objective is to find the fuzzy relations 
among Kp, Ki, Kd, error, and error rate. With continual 
testing, the three output parameters are adjusted online so 
as to meet different requirements and achieve good 
stability. Variable PID controller adds the output value 
of the fuzzy controller and default PID values. 

Figure 4. Structure of Fuzzy Adaptive PID. 

A. Design of Fuzzy PID 

Fuzzy controller is the hardcore of the system. It 
includes the fuzzification,   knowledge   base,   inference    
engine   and de-fuzzification. Fuzzy controller makes the 
input accurate quantity to fuzzy quantity. It maps the input 
to the corresponding discourse. The knowledge base 
contains the   experienced knowledge of the flow process 
station. Data base contains the membership function of 
every linguistic variable. Control rules are described by the 
data base. 

B. Membership Function 

The membership function used by fuzzy controller is 
triangular membership function and Gaussian function.  
The input ranges from -7 to +7 and the fuzzy subset 
are  Negative Big, Negative middle,  Negative  small,  
Zero,  Positive small, Positive middle and Positive Big 
respectively termed as NB, NM, NS, ZO, PS, PM, PB. 
The quantization   factor and the scaling factor play an 
important role in the performance of the fuzzy controller. 

 

Figure 5. Membership Functions of Error Input in Fuzzy Set. 

 

 

Figure 6. Membership Functions of change in Error Input in Fuzzy Set. 

 

Figure 7. Membership Functions of output in Fuzzy Set. 

 
C. Control Rules of the Fuzzy Controller 

The control rules are framed to achieve the best 
performance of the fuzzy controller. In this paper 49 
control rules are adopted to control the Temperature of 
CSTR. 

Table II.  Rule Base Implemented in FLC 

E/CE NB NM NS  Z  PS  PM PB

NB NB NB NM  NM  NS  NS Z

NM NB NM NM  NS  NS  Z PS

NS NM NM NS  NS  Z  PS PS

Z NM NS NS  Z  PS  PS PM

PS NS NS Z  PS  PS  PM PM

PM NS Z PS  PS  PM  PM PB

PB Z PS PS  PM  PM  PB PB

Using this control rules flow.fis is created. This control 
rules are framed in MATLAB M-File. This .fis file is 
implemented using   M-File Program and the connection is 
established between Process ODE solver and FuzzyPID. 
The inference engine used here is the Mamdani Inference 
engine. 

D. Rule Surface Viewer of the Fuzzy  

Controller Based upon the established fuzzy rules, the 
surface view of fuzzy rules and rule viewer are shown in 
figure 7 and 8 respectively. 
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Figure 8. Surface view of Fuzzy Rule base. 

 

Fig.  9. Rule viewer of Fuzzy rules for CSTR Temperature control

VI. SIMULATION RESULTS 

A. Simulation Method: 
 

 
Figure 10. Simulink model of continuous stirred tank reactor. 

 

 
Figure 11. Simulink diagram of PID response. 

 

B. Simulation Results: 

The open loop response of the first principle method is 
shown in fig.10 where reduction in the temperature of CSTR 
with the flow in coolant feed. We can also observe that 
concentration of CSTR will increase as shown in Fig (11). 
From the fig.10 we can observe that steady state value is 
obtained for a step change in input. The implementation of 
FuzzyPID controller for controlling the Temperature of 
CSTR process is shown in figure (14). The fuzzy controller 
is implemented using error and change in error and 
considers a membership function as a triangular. The 
response for tracking the change in Temperature of CSTR 
process is achieved by using fuzzy controller is shown in 
figure (14). The response of error and change in error in 
fuzzy sets is also shown in figure below. The response of 
Manipulated Variable of fuzzy controller is also shown in 
figure (12). From these responses, it is observed that the 
input variables and output variable also with in limit to 
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achieve the set point tracking to control Temperature of 
CSTR process at desired position. From the response 
obtained in figure (14), the fuzzy controller able to track the 
temperature even though the change occurs at various levels 
of simulation time. 

 

Figure 12. Step response of temperature of CSTR process. 

 

 
Figure 13. Step response of concentration of CSTR process 

 

 
Figure 14. Behaviour of Error Input in Fuzzy Set with 7 Membership 

Functions. 

   

Figure 15. Behaviour of Change in error Input in Fuzzy Set with 7 
Membership Functions. 

 

     

Figure 16. Servo Response Tracking by Using Fuzzy PID Controller 
for Temperature of CSTR process. 

 
Figure 17. Servo Response Tracking by Using Fuzzy PID Controller 

for Concentration of CSTR process. 

 
Figure 18. Set point tracking using PID controller. 

 

VII. CONCLUSION 

The CSTR (continuous stirred tank reactor) process is 
identified as a non-linear system. The model of CSTR 
process is implemented with the help of first principle 
ordinary differential equation. MATLAB ODE45 solver is 
used to solve the differential equation. The PID parameters 
are calculated using Relay feedback test. The PID provides 
satisfactory results for change in set point tracking. The 
fuzzyPID controller is implemented to track the change in 
temperature and concentration of the CSTR process by 
using MATLAB/Simulink. The simulation results proven 
that the fuzzyPID control method is more effective way as 
compared to PID to enhance stability of time domain 
performance of the CSTR process. The aim of this paper is 
to introduce techniques for temperature and concentration 
control of the CSTR process. The fuzzyPID controller based 
adjustable closed-loop CSTR temperature and concentration 
controller system has been developed. The system is very 
sensitive to the distribution of membership functions but not 
to the shape of membership functions. 

VIII. FUTURE WORK 
The temperature and concentration of the CSTR process 

can be controlled by using adaptive controllers like Neuro 
fuzzy, MPC, self tuning regulator etc. These methods can be 
extended to implement the controller for controlling the flow 
and temperature of the coolant used in the CSTR process. 
This method can be extended to analyse the performance 
domain characteristics while compare with PID. 
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