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This paper exhibits a type of fuzzy robust plan designed for nonlinear time-delay 
system based on the fuzzy Lyapunov method. In addition, the obtainable delay-self-
governing state is changed into linear matrix inequalities (LMIs) consequently the 
fuzzy state response gain and regular solutions are numerically possible by nature 
inspired optimization algorithm. LMI approach for determining robust stability of non-
linear system such as to an exothermic continuous-time stirred tank reactor (CSTR) by 
parametric uncertainties. Essential and satisfactory circumstances intended for 
stabilization of a linear continuous-time uncertain system through static output 
feedback are specified at earliest. After that the difficulty of robust static output 
feedback control plan is transformed to resolution of linear matrix inequalities (LMIs) 
and two LMI based algorithms, iterative and non-iterative ones are used. The design 
process guarantee by satisfactory circumstances the healthy quadratic stability and 
assured price. The opportunity to utilize a healthy static output response for control of 
CSTRs with suspicions is verified via simulation results.  
 

Contribution/Originality: This study is one of the very few studies which have investigated about T-S Fuzzy 

Technique. Here two techniques are used to control, nonlinear plant CSTR model. LMI approach for determining 

robust stability of non-linear system such as to an exothermic continuous-time stirred tank reactor (CSTR) by 

parametric uncertainties. 

 

1. INTRODUCTION 

Most commonly used controllers in many industrial applications because of their simplicity and adaptability 

through former technology to construct the composite automated system be PID controllers. Conventional PID 

controllers are 1-DOF controller, which performs either servo-tracking or disturbance problem at a time but not 

both problems at the same time. The main drawbacks of the PID controller are Gu, et al. [1];  Richard [2]: 

1. It discards load interruption following it enters into the structure and hence deteriorate the system 

performance. 

2. It cannot provide excellent presentation while the huge delay is there in the system and produce large 

oscillations. 

We have seen exponentially growing interest in fuzzy control logic in recent years the development is being 

remarkable, many successful applications have been developed using fuzzy logic. But, in spite of the achievement, it 

has been sensitive that several fundamental flaws stay to be addressed such as stability analysis and systematic 
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design. Recently more work is done on these issues. This manuscript attempts to perform LMI analysis and present 

systematic framework for stability and design of non-linear fuzzy control system [3, 4]. 

In the literature of model-based fuzzy control, two control schemes have been implemented: 

1. Control via inversion of the fuzzy model. 

2. Model-based predictive control. 

The common feature of all models based fuzzy control methods is that nothing about stability, robustness or 

performance can be said in advance without simulation if consider in globally the whole closed-loop system. The 

limitation of the model-based fuzzy control is that only slowly varying changes are admissible for the controller to 

work as desired in a closed-loop system. Using the Lyapunov direct method and optimization, the limits of model 

fuzzy control can be overcome [5, 6]. 

Extensive literature is available for fuzzy modeling using input-output data. For our work we choose ISE 

(integral square error) as a performance index because error is large and we try to minimize the ISE. The rule 

base for fuzzy is collection of if-then statement. 

For T-S fuzzy model rule base is defined as: 

Then 

 

Fuzzy controller gives good results for the system with time delay and disturbance, but in order to 

guarantee the stability of the system robust analysis is carried out [7-9]. 

 

2. LINEAR MATRIX INEQUALITY 

Stability of the continuously stirred tank reactor (CSTR) is checked by using Linear matrix inequalities. 

Here we used different LMIs for different conditions to check the stability of the CSTR model. Here we 

considered two dissimilar cases designed for the time delay [10-12]. 

1. Delay time is recognized and is unvarying. 

2. The time delay is varied. 

The Non-Linear system with added uncertainty can be represented as below and also in this case time delay 

is considered as constant. Finally we get the results as: 

xfeas = 

0.6132 

0.0098 

0.7338 

Q = 

0.6132   0.0098 

0.0098   0.7338 

P = 

1.6313  -0.0219 

-0.0219   1.3631 

From above results we get the positive definite P matrix. So it is obvious that the system is stable as per the 

stability criterion. 

And finally we get the results as: xfeas = 

0.6465 

0.0620 
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1.5173 

Q = 

0.6465   0.0620 

0.0620   1.5173 

P = 

1.5529 - 0.0634 

-0.0634   0.6617 

From above results we get the positive definite P matrix. So it is obvious that the system is stable as per the 

stability criterion. 

 

3. NON-LINEAR SYSTEM: CSTR 

A real time investigational system for greatly nonlinear tank is constructed. DAC is used to interface CSTR 

with the personal computer (PC). Overall system consists of a tank, pump, Rota meter, RTD, an electro 

pneumatic converter (I/P converter), a pneumatic control valve, an interfacing DAC module and a personal 

computer (PC). 

For calculating Transfer function of CSTR cooling process the step response takes into consideration. The 

transfer function is calculated by using process reaction curve method [13, 14]. The process has very large dead 

time and is highly damped. Therefore the step response can be fitted into a simple first-order model with dead-

time. 

 

 
Figure-1. Block diagram of CSTR. 

Source Cao and Frank [5]. 

 

Figure 1 shows the block diagram of a CSTR tank interfaced with a PC. The pneumatic control valve uses air 

as an input and adjusts the flow of the water pumped to the CSTR jacket from cold water tank. This flow maintains 

the temperature inside the tank at the desired value. The temperature of the liquid inside the tank is measured with 

the help of RTD and is transmitted in the form of (4-20) mA to the interfacing DAC module with the help of 

temperature transmitter to the personal computer (PC) [15-18]. 
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i. Technical Specification of CSTR 

 

1. Rotameter 

Range 10 to 100 LPH 
End connection 1/4" BSP (F) thread 
Float material SS - 316 

 

2. Air regulator 

Input range (0 - 10.6) Kg / cm2 
Output range (0 - 2.1) Kg / cm2 
Special feature Air regulator cum filter 

 

3. Pressure gauge 

Range (0-30) psi 
Diameter 2" 
Type Bourdon tube 

 

4. Electro-pneumatic converter 

Pneumatic Input air 20 psi constant 

Current input (4-20)mA/ 24V DC 
Pneumatic output (3-15) psi Signal 

 

5. Pneumatic control valve 

Spring range (0-2.1) Kg/cm 
Valve action Air to open 
Medium Water/air 
Voltage 230V AC/DC, 50Hz 

Discharge 800 LPH 

 

4. SIMULATION AND RESULTS 

 

 
Figure-2. Simulation of combined fuzzy. 

 

Figure 2 shows the simulation of a combined fuzzy logic controller. The differential pressure transmitter 

output interfaces with the computer using a DAC module in the RS-232 port of the PC  [18]. 
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Figure-3. .Simulation results of  FLC. 

 
Figure-4. Simulink diagram of parallel fuzzy. 

 

Figure 3 shows the simulation results of a combined fuzzy logic controller. It is experimental from the results 

of a fuzzy logic controller that, it gives no overshoot, faster settling time, better set point tracking and produces 

lower performance indices like integral square error (ISE). Figure 4 shows the simulink diagram of a parallel fuzzy 

logic controller. 
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Figure-5. Comparative result. 

 

Figure 5 shows the comparative result of a fuzzy logic controller and type 2 fuzzy controller with time domain 

specifications. 

 
Table-1. Time domain specifications. 

Time domain specifications PID Fuzzy Fuzzy type2 

Rise time 7 6 4.2 
Settling time 17 12 6.5 
Overshoot 38 % 6 % 4% 

 

 

Table-2. Comparison of ISE. 

Control techniques ISE (With delay) 

Fuzzy 3.590402 
Optimized fuzzy 3.10073 

PID 3.959913 
 

 

From the Table 1 & 2 it is clear that ISE for the optimized fuzzy is less than ISE for PID and fuzzy without 

optimization. In simulation, we calculate ISE after a step change. Here the initial value of the step input is kept at 

50 and then step change given at time instant of 50. The final value of the step change is 40. This is done because 

our process is cooling process so we want to settle temperature from high value to low value. 

 

5. CONCLUSION 

From the response of the system for various controllers it is obvious that the fuzzy controller give superior 

performance as compared to other controllers. Also ISE (performance index) obtained with the optimized fuzzy is 

less than other controllers. In this manuscript, T-S fuzzy technique has been proposed to control the nonlinear 

time delay system. This technique uses Linguistic expressions. In this proposal two techniques are used to control, 

nonlinear plant CSTR model. Both techniques give good results. By considering all this performance of CSTR 

model has achieved the desired state. 
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