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ABSTRACT 

 Most of the industrial systems exhibit non-linear nature. Conventional controllers are 

not able to provide good and accurate results; so fuzzy logic control can be used to obtain 

better response. A model for simulation is designed and all the assumptions are made before 

the development of the model. An attempt has been made to analyze the efficiency of a Type-

1 and Type-2 fuzzy controller over conventional proportional integral derivative controller for 

a multi tank interacting water level control system and their responses are compared. Analysis 

is done through computer simulation using Matlab/Simulink toolbox. This paper shows the 

application of Type-1 and Type-2 Fuzzy Logic Controller which gives the better response. 

 

 Key words: Proportional-integral-derivative controller, Fuzzy logic controller, Fuzzification, 

Defuzzification, Matlab- simulink. 

 

 

 

INTRODUCTION 

  

In most of the industrial applications the liquid level control is of paramount importance, 

especially in petrochemical industries, paper & pulp industries, pharmaceutical and food 

processing industries. The quality of the final product depends on the accuracy of the level 

controller. In Industries the level control systems with large dead time are difficult to control. 

The aim of the controller is to maintain the set point and be able to adopt a new set point 
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values automatically. The conventional proportional integral derivative [PID] controller 

cannot give corrective action in advance; it can only initiate the control action only after error 

has developed. The only way to achieve better performance is to use fuzzy logic controller 

instead of conventional controllers. The fuzzy logic controller [1] is developed based on the 

human skill and experiences about the system. The model of three tank water level control 

system is shown in below Fig1.  

 

         
 

    Fig 1. Multi tank water level system 

The three tanks are connected as shown in fig.1. The heights of three tanks are represented as 

h1, h2 and h3. The output of tank 1 is connected to tank 2 and output of tank 2 is connected to 

tank 3.The out flow of tank 1 is controlled at R1 and out flow of tank 2 is controlled at R2 and 

R3 is also for the same purpose. The area of cross sections of tank 1, tank 2 and tank 3 are A1, 

A2, and A3. The inflow of tank 1 is qi and outflow of tank 1 acts as inflow for tank 2 and it is 

represented as q1. Similarly q2 and q0 represents the outflows of tank 2 and tank3. Transfer 

function is needed, to know the relation between inputs and outputs otherwise process 

variable (level) cannot be controlled. So, to derive transfer function mathematical modeling is 

done.  

The design and analysis of control systems are based on their precise mathematical models. 

The mathematical modeling for the given system is  

For tank-1: The mass-balance equation is 

                                           qi-q1=(A1)(dh1/dt)  -------- (1) 

               The outflow rate, q1= (h1/R1) 

By substituting the value of q1 in equation (1), we have 
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qi-(h1/R1)=(A1) (dh1/dt) 

By Laplace transform on both sides, we get 

Qi(s)=H1(s){[1+s(A1.R1)]/R1}  

For tank-2: 

    q1-q2=(A2)(dh2/dt)         ---------- (2) 

  The outflow rate, q2=(h2/R2) 

 By substituting q2 in equation (2), we have 

    (h1/R1)-(h2/R2)=(A2)(dh2/dt) 

By Laplace transform, we get 

H1(s) =H2(s).R1{[1+s(A2.R2)]/R2} 

For tank-3: 

    q2-q0=(A3)(dh3/dt)       ------------ (3) 

 The outflow rate, q0= (h3/R3) 

By substituting in equation (3), we have 

   (h2/R2)–(h3/R3)=(A3)(dh3/dt) 

By Laplace transform, we get 

H2(s)=H3(s).R2{[1+s(A3.R3)]/R3} 

By substituting H2(s) & H3(s) in above equations, we get 

 Qi(s) =[H3(s)/R3] [1+s(A1.R1)] [1+s(A2.R2)] [1+s(A3.R3)] 

 let A1.R1=T1; 

     A2.R2=T2; 

     A3.R3=T3; 

 Qi(s) = [H3(s)/R3] [1+T1.s] [1+T2.s] [1+T3.s] 
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 We know, q0=h3/R3-> Q0(s)= [H3(s)/R3] 

 Q(s) =Q0(s) [1+T1.s] [1+T2.s] [1+T3.s]; T.F: G(s) = [Q0(s)/Qi(s)]  

By substituting T1=1, T2=0.5, T3=0.33; we get, Transfer Function of the three tank system is,    

                                         G(s) = 6/(s ^3+6*s^2+11*s+6) 

So, the transfer function of three- tank water level control system is  

                                        G(s) = 6/(s ^3+6*s^2+11*s+6) 

The main aim of this paper is to control the outflow of final tank. To achieve that, the level of 

final tank should be maintained constant. For that, a level sensor is used to sense the level of 

final tank, and it is compared with set point, based on the error signal the main valve is 

operated. The controlling of the levels of first and second tanks is not needed. The outflows of 

tank 1 and tank 2 are varied depending on the level of tank 1, which ultimately depends upon 

the level of tank 3. So, indirectly the flow of final tank is controlled. 

  BASIC CONTROL SYSTEM  

Control in process industries refers to the regulation of all aspects of the process. Precise 

control of level, temperature, pressure and flow is important in many process applications. 

Most industrial processes require certain variables such as flow, temperature, level or pressure 

which are required to remain at or near some reference value, called set point. The device that 

serves to maintain a process variable value at the set point is called a controller. 

        A Controller [2] is a device that receives data from a measurement instrument, compares 

that data to a programmed set point, and, if necessary, signals a control element to take 

corrective action. The basic block diagram of closed loop control system is shown below in 

the Fig 2. 

 
 

Fig 2. Block diagram of basic control system 

 Controllers may perform complex mathematical functions to compare output data to given     

set point or they may perform simple addition or subtraction functions to make comparisons. 

Controllers always have an ability to receive input, to perform a mathematical function with the 
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input, and to produce an output signal.  Process control technology is the tool that enables 

manufacturers to keep their operations running within specified limits and to set more precise 

limits to maximize profitability, ensure quality and safety. 

 

TYPES OF CONTROLLERS  

 

1. On/off control (or) two position control   

 

        A controller is a device that generates an output signal based on the input signal which it 

receives. The input signal is actually an error signal, which is the difference between the 

measured variable and the desired value, or set point. This input error signal represents the 

amount of deviation between set point and obtained output signal. The controller provides an 

output signal to the final control element, which adjusts the process system to reduce this 

deviation. The characteristic of this output signal is dependent on the type, or mode, of the 

controller. This describes the simplest type of controller, which is the two positions, or ON/OFF, 

mode controller. On-off control [3] is usually used where a precise control is not necessary.  

 

2. P/PI/PID Controllers 

 

      There are many controllers for controlling in process control industries like proportional (P), 

proportional integral (PI), and PID etc. Every controller has its own advantages and 

disadvantages. P controller has a problem of offset, this can be eliminated by using PI, but PI has 

a problem of overshoot and undershoot and it takes more time to settle, so this can be eliminated 

by using PID, but still PID has a problem of overshoot and undershoot and it takes more time to 

settle and more over PID controller [4] is not suitable for non-linear systems and when the 

system complexity is very high, it is difficult to design mathematical equation. So, PID controller 

is not suitable in those situations. These problems can be overcome by using fuzzy controller. 

 

3. Fuzzy controller   

 

        It is an artificial decision maker that operates in a closed loop system in real time. It gathers 

plant output data, compares it to the reference input and then decides what the plant input should 

be, so to ensure that the performance objectives should be met.  

        PID controllers require some mathematical calculations, depending on mathematical 

calculations they generate control actions on process. But in fuzzy controllers, it don’t require 

any mathematical calculations, it just takes decisions as same as human beings. 

There are 2 types of fuzzy controllers:  

a. Type-1 fuzzy controller 

b. Type-2 fuzzy controller 

 

IMPORTANCE OF FUZZY CONTROLLER 

 

         Conventional and modern control theories have proved to be successful in the areas where 

systems are well defined by mathematical models. But, for many practical systems with complex 

dynamics, it is difficult to get a good mathematical model. At those places, it difficult to control 

using conventional controls like PI, PID etc. These problems lead to the development of fuzzy 
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logic controller. Basically the fuzzy controller works on the simple fuzzy logic principle. Fuzzy 

logic is a form of many-valued logic; it deals with reasoning that it is approximate rather than 

fixed and exact. Compared to traditional binary sets (where variables may take on true or false 

values), fuzzy logic variables may have a truth value that ranges in degree between 0 and 1. 

Fuzzy logic has been extended to handle the concept of partial truth, where the truth value may 

range between completely true and completely false. Furthermore, when linguistic variables are 

used, these degrees may be managed by specific functions. The block diagram of a Fuzzy logic 

controller is shown in Fig 3. 

 

 
 Fig 3.Block diagram of a Fuzzy logic controller 

a. Type-1 fuzzy controller      

     The basic fuzzy controller is considered as Type-1 fuzzy controller. Type-1 fuzzy 

controller [5] consists of three processes they are fuzzification, inference mechanism and 

defuzzification for the given crisp inputs. In fuzzification, it converts each piece of input data 

to degrees of membership by a lookup in one or several membership functions. In Inference 

mechanism it consists of rule-base and inference engine, It evaluates the control rules which 

are relevant to the current time and then decides what the input to the plant should be and in 

defuzzification, a scale mapping is done which converts the range of values of output 

variables into corresponding universe of discourse and finally control command is given to 

the plant. This process is shown in the Fig 4.  

 
Fig 4.Structure of Type-1 fuzzy controller 

http://en.wikipedia.org/wiki/Many-valued_logic
http://en.wikipedia.org/wiki/Reasoning
http://en.wiktionary.org/wiki/binary
http://en.wikipedia.org/wiki/Two-valued_logic
http://en.wikipedia.org/wiki/Two-valued_logic
http://en.wikipedia.org/wiki/Two-valued_logic
http://en.wikipedia.org/wiki/Truth_value
http://en.wikipedia.org/wiki/Linguistic


International Journal of Emerging Trends in Engineering and Development                 Issue 5, Vol.1 (Dec.-Jan 2015)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 185 
 

The graph for type-1 membership function is shown in Fig 5. 

 
Fig 5. Type-1 membership function 

 

b. Type-2 fuzzy controller       

   Type-2 fuzzy logic controller [6] is similar to Type-1 fuzzy logic controller in all the 

operations except that Type-2 has a type reducer component which makes the operational 

variation compared to Type-1 fuzzy logic controller. Type-2 fuzzy logic controller is more 

efficient controller which gives accurate output compared to Type-1 fuzzy controller. This is 

because Type-2 fuzzy controller works on the basis of a factor known as footprint of 

uncertainty.  In Type-2 fuzzy controller more uncertainty can be handled. From the very 

beginning of fuzzy sets, criticism was made about the fact that the membership function of a 

type-1 fuzzy set has no uncertainty associated with it. The basic block diagram of Type-2 

fuzzy controller is shown in Fig 6.  

 

Fig 6.Structure of Type-2 fuzzy controller 



International Journal of Emerging Trends in Engineering and Development                 Issue 5, Vol.1 (Dec.-Jan 2015)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 186 
 

The graph for type-2 membership function is shown in Fig 7. UMF represents upper 

membership function, LMF represents lower membership function and FOU is the foot of 

uncertainty.  

 

Fig 7. Type-2 membership function 

 

 

IMPLEMENTATION AND SIMULATION 

 

a. Implementation of PID controller 

 

The three tank water level control can be done using PID controller in Matlab-Simulink [7] 

by adjusting the tuning parameters using a step signal as input. The input parameters can also 

be adjusted as shown in Fig 8. 

 

 
Fig 8.Parameters of step signal  
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The plant transfer function G(s) can be given and it is shown in Fig 9. 

 

Fig 9.Transfer function block 

 

 

Fig 10. Simulink block diagram of PID controller 
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b. Implementation of Type-1 Fuzzy controller 

    Implementation of Type-1 fuzzy controller in Matlab-Simulink does not require any tuning     

parameters. Large range of values to membership functions for input, error and output can be 

given. The rules can be written based on their membership functions. 

 

Fig 11.Simulink block diagram of type-1 fuzzy controller 

 

 

Fig 12.Type-1 toolbox 
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  Fig 13. Membership function editor 

 

Fig 14. Rule base 
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c. Implementation of Type-2 Fuzzy controller 

Implementation of type-2 fuzzy controller in Matlab-Simulink is same as type-1 fuzzy 

controller but the only difference is that the type-2 fuzzy has foot of uncertainty to the 

membership functions which can be adjusted according to the expected range of values of 

operation.   

 

Fig 15. Simulink block diagram of Type-2 fuzzy controller 

 

Fig 16. Type-2 toolbox 
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Fig 17. Type-2 membership function editor 

 
 

Fig 18. Rule base 
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RESULTS  

The output of PID controller is shown in the Fig 19 and it has an overshoot.  

 

Fig 19. Step response of PID controller 

 For type-1 fuzzy controller, the output is shown in the Fig 20. 

 

Fig 20. Step response of type-1 fuzzy controller 
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For type-2 fuzzy controller, the output is shown in the Fig 21. 

 

Fig 21. Step response of type-2 fuzzy controller 

 

COMPARISION  

           The comparison is done between PID, Type-1 and Type-2 fuzzy controller outputs 

which is shown in Table 1. It is observed that, even though PID controller has less rise time 

and settling time, it suffers from the problem of overshoot. Where as in type-2 fuzzy 

controller the settling time is 6.73 sec, it is less compared to type-1, and more compared to 

PID, but it doesn’t produce any shoots and produces a smooth curve in response. So, for 

industrial applications if type-2 fuzzy controller is used then good quality in output product 

with less cost can be produced. 

Time domain 

specifications 

PID TYPE-1 TYPE-2 

Rise time 0.504 sec 2.462 sec 2.39 sec 

Settling time 6.5 sec 7.41 sec 6.73 sec 

Overshoot % 40.1 ≈ 0 ≈ 0 

Overshoot value 1.39 - - 

Table 1. Comparison of PID, Type-1 and Type-2 controllers 
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CONCLUSION 

        From the analysis it can be concluded that for the three tank water level control system 

with conventional PID controller has a problem of overshoot for unit step input. Whereas 

from the results it can be seen that in fuzzy systems the overshoot becomes negligible. On the 

other hand the rise time and settling times have increased. In the case of type 2 system there is 

an improvement in the rise time and settling time by some reduction in the values. But in most 

of the practical applications the overshoot factor contribute more to the instability of the 

system  and as seen from the results it can be concluded that the fuzzy systems improve the 

stability of the system in general. 
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