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ABSTRACT 
In this paper we have applied MRAC design and Fuzzy logic control to a nonlinear level process station. The design of controllers, 
using conventional techniques, for plants with nonlinear dynamics or model uncertainties can be often quite difficult. Model 
reference adaptive control (MRAC) is an alternative for classic control algorithms and a convenient method to update the 
controller’s parameters for the level process with parameter variations. Here, MIT rule is used to design MRAC. Fuzzy logic 
controllers are rule based systems. The controller in present work is a Mamdani based one. The outputs of the system under the 
controllers MRAC, PID and FLC are compared. SIMULINK is the tool used in this paper for the implementation of the control 
processes. 
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INTRODUCTION 

 

In industrial processes, many of the control applications deal with level such as paper making industries, 

petrochemical industries, metallurgical industries, waste water treatment plants, chemicals manufacturing 

industries, sugar industries etc. Because of non linearity, most of the chemical industries are in need of advanced 

control techniques. Many level processes are non linear in nature and controller designs for these process are 

also difficult. In this paper, accurate mathematical models of the controllers are implemented for the practical 

level process station. A laboratory setup of level process station is taken and different control mechanisms are 

implemented. We have analyzed the step response of the process for different control mechanisms.  For 

controlling level in the process station we make use of different controllers and their step responses are 

compared. Zeigler Nichols tuning method is used for the PID controller[6]. There are many methods available to 

design the MRAC[1][2][4] such as MIT rule[1][2],  Lyapunov stability[1] etc. MIT rule is used to design the 

adaptive controller here.  Mamdani based FLC[3][5][7] rules are implemented. The above control mechanisms 

are done using Simulink. 
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Level Process Station: 

The laboratory setup of level process station in fig.1 consists of a tank, a water reservoir, a computer, a 

Rotameter, pump, a compressor, current to pressure converter and a level transmitter. The level transmitter gives 

the level of the tank in terms of 4-20 mA values. It is then compared with the set point given to the controller 

and the control signal will be generated. The control signal will be 4-20 mA current signals. It is then converted 

into pneumatic signal with the help of I/P converter. This signal will be given to the control valve to adjust in 

order to control the level. 

 

 
Fig. 1: Level Process Station in Laboratory 

 

The mathematical model of the level process station is obtained by doing manual mode control on the 

process. The general transfer function of the first order system is given by, 

𝑇. 𝐹 =
Kp

τs + 1
 

 
Table I: Parameters on Manual Mode 

Mode Setpoint CV (%) 

Manual 25 100 

 

 
Fig. 2: Manual Mode Control 

 

From the fig. 2, the Kp value is given by, 

Kp = 
24.81

25
 = 0.99 

The time constant (time at which the 63.2% of the output is reached) is 68 sec. The values of Kp and τ are 

obtained as shown in the table II. 

 
Table II: Open Loop System Parameters 

Mode Kp τ 

Manual 0.99 68 

 

Thus the transfer function of the level process station is, 

𝑇. 𝐹 =
0.99

68𝑆 + 1
 

 

Proportional Integral Derivative Controller (PID):  

It is interesting to note that more than half of the industrial controllers in use today is PID controllers or 

modified PID controllers. Because most PID controllers are adjusted on-site, many different types of tuning 
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methods have been proposed in the literature. Using these tuning rules, delicate and fine tuning of PID 

controllers can be made on-site. The advantage of PID controller is its feasibility and easy to be implemented. 

The PID gains can be designed based upon the system parameters if they can be achieved or estimated precisely. 

Even though the PID gains can be well-designed, the PID controller still has low robust ability compared with 

the robust controller when the system encounters to multiple challenges from the operating environment of the 

system, such as temperature, weather, power, surge and so on. 

This paper presents Ziegler- Nichols rules for tuning PID controllers. Ziegler and Nichols proposed rules 

for determining values of the proportional gain Kp, integral time Ti and derivative time Td based on the 

transient response characteristics of a given plant. In this method, we first obtain the response of the plant in 

manual mode to a step input. The curve may be characterized by two constants, delay time L and time constant 

T. The delay time and the time constant are determined by drawing a tangent line at the inflection point of the S- 

shaped curve and determining the intersections of the tangent line with the time axis and the line PV.  

 

From the table III, we can determine the values of proportional gain, integral gain and derivative gain. 

 
Table III: Ziegler Nichols Tuning Settings 

Controller Kp Ti Td 

P T/L ∞ 0 

PI 0.9T/L L/0.3 0 

PID 1.2T/L 2L 0.5L 

 

From the table III, we can determine the gain values for PID controller as shown in table IV. 

 
Table IV: Ziegler Nichols Tuning Parameters 

KP TI TD 

20 6 3 

 

Then these gain values are applied in the PID controller block as shown in the fig.3 

 
Fig. 3: PID Control of Level Process 

 

The response for unit step input given to the plant is obtained as shown in fig.4 

 

 
Fig. 4: Step Response of PID Controller 

 

Model Reference Adaptive Controller (Mrac): 

The idea behind Model Reference Adaptive Control is to create a closed loop controller with parameters 

that can be updated to change the response of the system to match a desired model. When the plant parameters 

are unknown or varying slowly or slower than the dynamic behavior of the plant, then a MRAC control can be 

used. This adaptive structure offers a superior performance and robustness in time than a classical PID 

controller. MRAC consists of the plant, the controller, the reference model and the adjustment mechanism. The 

reference model chosen here is a standard first order system with gain km = 1 and Tm = 10 sec.  
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Fig. 5: MRAC System 

 

Reference Model transfer function: 

Gm(𝑠) =
1

10𝑠 + 1
 

 

A. MIT rule of MRAC: 

MIT rule was first developed in 1960 by the researchers of Massachusetts Institute of Technology (MIT) 

and used to design the autopilot system for aircrafts.  

 

In this rule, the cost function is defined as, 

𝑱(𝜽) =
𝒆𝟐

𝟐
  

Where e is the difference between the outputs of plant and the reference model 

Error is given by the expression: 

 e (t) = y (t)-ym (t) 

 

Here θ is the adjustable parameter. The change in parameter θ is kept in the direction of negative gradient of 

J since the parameter can be adjusted in such a fashion so that J can be reduced to zero. 
𝑑𝜃

𝑑𝑡
= −𝛾

𝜕𝐽

𝜕𝜃
 

 

Substitute J (𝜃) in above equation, 
𝑑𝜃

𝑑𝑡
= −𝛾𝑒

𝜕𝑒

𝜕𝜃
 

 

From the fig.5 we can see that KG(s) is the transfer function of the process, G(s) is the known transfer 

function and Gm(s) is the reference model transfer function. We have to design a controller so that the process 

could track the reference model. 

Gm(s) = K0G(s) 

Where K0 is known parameter. 

From the fig.5 

Error E(s) = KG(s)U(s) - K0G(s)Uc(s) 

                             u(t) = θ*uc 

 

Taking partial differentiation on the above equation, 
𝜕𝐸(𝑠)

𝜕𝜃
 = KG(s) Uc(s) 

𝐾

𝐾𝑜
*Ym(s) 

 

Therefore we get,  
𝑑𝜃

𝑑𝑡
= − 𝛾𝑒

𝐾

𝐾0
𝑌𝑚 = − 𝛾𝑒𝑌𝑚 

 

Where 𝛾 is the adaptation gain and larger values of adaptation gain can cause instability of the system. The 

selection of this gain is very critical. 

The simulation diagram of Model Reference Adaptive Controller with MIT rule is shown below in fig.6. 
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Fig. 6: MIT Rule Simulation Block 

 

The response of the plant depends upon the adaptation gain values. The response of the plant for the MRAC 

with MIT rule is shown in fig.7  

 

 
Fig. 7: Step Response of MRAC with MIT 

 

B. Normalized algorithm of MIT rule: 

The step response of MRAC with MIT rule in fig.7 shows oscillations and large settling time. Hence the 

result is not satisfactory. To overcome this problem, Normalized Algorithm for MIT rule is used to develop the 

controller. 

The modified rule for the controller is given as, 
𝑑𝜃

𝑑𝑡
= −

𝛾𝑒𝜑

𝛼 + 𝜑′𝜑
 

Where =
𝜕𝑒

𝜕𝜃
 =

𝐾

𝐾0
𝑌𝑚. 

 

Here α > 0 is to neglect the difficulty of zero division when φ is small. 

 
Fig. 8: MRAC with Normalized Algorithm of MIT 
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The response of the MRAC with normalized algorithm of MIT is satisfactory with reduced oscillations and 

fast settling time. The result of MRAC with normalized algorithm of MIT is shown in fig.9. Noise signals are 

also removed in normalized algorithm compared to the previous MIT rule. 

 

 
Fig. 9: Step Response of MRAC with Normalized Algorithm of MIT 

 

Fuzzy Logic Controller (FLC): 

Fuzzy logic allows lowering the complexity of the systems by allowing the use of information in sensible 

way. It can be implemented in hardware, software or a combination of  both. The fuzzy logic is based on control 

analysis method that accepts input, processing information, averaging and gives the output. The approach of 

fuzzy logic shows how a person would make decisions in a faster manner. The control progress of fuzzy logic 

involves fuzzification method, rule matrix, inference mechanisms and defuzzification method. 

 

C. Fuzzification Method: 

Fuzzification is the first phase of fuzzy logic control where the input parameters for the system are 

delivered based on which the output will be calculated. Each parameter has unique membership functions with 

predefined shapes like triangular, trapezoidal, etc. After computing these functions, a set of fuzzy output 

responses are produced. 

 

D. Rule Matrix: 

Conditional statements are formed by the rule matrix. The conditional statements consists of fuzzy sets and 

Boolean operators like AND, OR and NOT. The rules are derived in the form of if-then. For example, if input 1 

is positive then output 1 is negative. After the evaluation of the rules applied to the input, more than one value 

can be obtained for the membership degrees. In that case, simulation can take any of the three possibilities of 

maximum, minimum or average of the membership degrees. 

 

E. Interference Mechanism: 

There are different types of inference mechanisms available. The most important types are MAMDANI and 

SUGENO. Mamdani is applied in this paper. These mechanisms allow mapping of given input to the output.  

 

F. Fuzzification Mechanism: 

Difuzzification mechanisms are of different types. They are centroid, mean, bisector etc. Centroid is the 

most commonly used mechanism for Difuzzification. Difuzzification is used to select a particular value which 

defines the fuzzy set. Centroid provides the centre value of the area under the curve of membership function. 

 
Fig. 10: Simulation Diagram of Fuzzy Logic Controller  

 

G. FIS Editor: 

It consists of membership functions for e, ∆e and output. Error (e) and rate of change of error (de/dt) are the 

input parameters and response as the output parameter.  
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Fig. 11: Membership Functions for e, ∆e and output 

 

The range of error and rate of change of error is taken as 0 to 3.5 and the range of output is taken as 0 to 

4.5. Triangular shaped member functions are used. The rule base for the inputs and output fuzzy sets are given 

in the table in. 

 
Table V: IF-THEN Rule Base for Step Response 

Error/ de Z PS PM PB 

Z Z PVB PB PS 

PS PVB PVB PB PM 

PM PM PB PM PS 

PB PM PM PS PS 

 

The values of inputs e and de are chosen as Zero (Z), Positive Small (PS), Positive Medium (PM), Positive 

Big (PB). 

In addition to the above values Positive Very Big (PVB) is included in the output. The if-then rules framed 

in Mamdani fuzzy logic is shown in fig.13 

 

 
Fig. 13: Rules on Fuzzy Logic Controller 

 

The step response of the fuzzy logic controller for the level process is shown in fig.14 

 
Fig. 14: Step Response of Fuzzy Logic Controller 



136           V. Manimekalai et al., 2017/Advances in Natural and Applied Sciences. 11(5) Special 2017, Pages: 129-137 

 

Results: 

The controllers are given with unit step input and the output responses are obtained. All the controllers 

respond to the input in a different manner with different settling time, rise time, peak overshoots etc. The output 

signal of the controllers PID, MRAC and PID for the level process is shown in fig.15 and the time domain 

responses in their output signal are shown in the following table VI. 

 

 
Fig. 15: Step Response of PID, MRAC AND FLC 

 
Table VI: Comparison of Output Responses 

Controller Settling time Peak overshoot Steady state error 

PID 60 0.26 0 

MRAC 47 0 0 

FLC 28 0 0.02 

 

From the table VI, it is seen that PID controller is not given satisfactory results since it possess overshoots. 

Fuzzy Logic Controller is also not suitable for the system since it has stead state error which will increase 

instability in the system. Though MRAC controller with normalized algorithm has higher settling time 

comparing to the other controllers, it gives satisfactory results because it has no overshoots or steady state 

errors. It improves linearity of the system.  

 

Conclusion: 

The paper presented the study of three control schemes applied to a level process control and the 

performance evaluation is carried out by means of simulations on SIMULINK. The comparative outputs of 

these controller designs are presented in fig.15 and table.3. The results show that the MRAC based on 

normalized algorithm provides more satisfactory results comparing to others. The selection of adaptation gain is 

very important and depends on the signal levels. Therefore it is shown in this paper that, the MRAC design with 

normalized algorithm can make the plant to follow the model as accurately as possible. 
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