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Abstract — Soft computing is tolerant of imprecision, uncertainty, partial truth, and approximation. By using soft 

computing we try to incorporate intelligence in the system. The basic ideas underlying soft computing in its current form 

is influenced by Zadeh's 1965 paper on fuzzy sets. Systems based on soft computing are becoming increasingly popular in 

industrial automation. The successful applications of soft computing suggest that the impact of soft computing will be felt 

increasingly in coming years. Soft computing is likely to play an especially important role in science and engineering, but 

eventually its influence may extend much farther. In this research paper authors studied conventional techniques of 

automation and various applications of fuzzy logic in industrial processes. 
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I. INTRODUCTION 

The act of implementing the control of equipment with advanced technology usually involving electronic hardware 

is called automation. Automation replaces human workers by machines. Industrial automation is the use of the 

electronic control equipment devices to complete manufacturing tasks. Industrial automation is becoming 

increasingly important in the manufacturing process because computerized or robotic machines are capable of 

handling repetitive tasks quickly and efficiently. The advantages of the industrial automation are:  

(i) Higher consistency and quality. 

(ii) Improvement in production efficiency. 

(iii) Simplification of production. 

(iv) Replacement of human from the health    

      hazard working environment. 

(v) Improve work flow. 

In the automation of an industry, a process control maintains the output of a specific process with in a desired range. 

In a process control, depending upon the present value of controlled variable, input variable and setpoint a corrective 

signal is generated to manipulate the manipulated variable for causing the controlled variable to come close to the 

setpoint.      

II.CONVENTIONAL CONTROLLER 

The conventional controllers [1] used for the automation of a process in an industry are P, PI, PD, PID, etc. To 

design a conventional controller we must realize a mathematical model of the process. The conventional controllers 

are based on proportional (P), integrative (I) and derivative (D) elements. PID controller and its different types such 
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as P, PI and PD controllers are today the basic building blocks in control of various processes. In process control 

PID controller was first used in 1939 and 90% of controllers used in process control is still PID[2].

Most basic process control systems consist of a control loop as shown in Figure (i). This has four main components 

which are:  

(i) A measurement of the state or condition of a process  

(ii) A controller calculating an action based on this measured value against a pre-set or desired value (set point)  

(iii) An output signal resulting from the controller calculation which is used to manipulate the process action through 

some form of actuator  

(iv) The process itself reacting to this signal, and changing its state or condition.  

Two of the most important signals used in process control are called process variable (PV) and manipulated variable 

(MV). In industrial process control, the PV is measured by an instrument in the field and acts as an input to an 

automatic controller which takes action based on the value of it. The variable to be manipulated, in order to have 

control over the PV, is called the manipulated variable.  

Figure 1.  Block diagram of elements of process control loop 

It calculates an error term (e) as the difference between a measured process variable (Y) and a desired setpoint (R). 

The PID controller attempts to minimize the error by adjusting the process control inputs.  

The error term calculation in PID controller involves the proportional (P) value, the integral (I) value and the 

derivative (D) value. These values can be interpreted in terms of time. P depends on the present error, I on the 

accumulation of past errors, and D is a prediction of future errors, based on current rate of change. The weighted 

sum of these three actions is used to adjust the process via a control element such as the position of a control valve 

or the power supply of a heating element. 

The transfer function of a basic PID controller is given as: 

C(s) = Kp +   + KDs = 

Where KP= Proportional gain, KI= Integral gain and KD= Derivative gain.  

The controller signal u to the plant is given as: 

u = Kpe + KI  KD

The parameters of the controller are adjusted  

so that the control system perform desired operation. This adjustment of parameters of controller is called 

tuning[3][4]. Tuning a system means adjusting three multipliers Kp, Ki and Kd adding in various amounts of these 

functions to get the system to behave the way you want.  The effect of varying KP, KI and KD is summarized in 

Table-I.
Table I Effect of varying KP, KI and KD

Response Rise Time  Overshoot Settling Time S-S Error 

Kp Decrease Increase NT Decrease 

KI Decrease Increase Increase Eliminate 

KD NT Decrease Decrease NT 

III. FUZZY LOGIC: AN OVERVIEW 

A PID system shows poor performance when the process is non-linear. Because of the nonlinearity controllers based 

on mathematic models are very difficult to design with traditional control theory [5][6][7].
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However fuzzy control is an intelligent control method, which has the advantage of quick response and accurate 

control effect. Furthermore, it is easy to design control rules and need not the mathematic model of controlled 

object. Strictly speaking, almost all industrial processes are nonlinear. Derivative term of the PID causes large 

change in process output even if there is a small noise available at the input. controllers utilize a new approaches to 

the controller design in which knowledge of a mathematical model of a process generally is not required. Examples 

of unconventional controller are a fuzzy controller and neuro or neuro-fuzzy controllers. 

The concept of Fuzzy Logic (FL) was conceived by Lotfi Zadeh, a professor at the University of California at 

Berkley[8][9], and presented as a way of processing data by allowing partial set membership rather than crisp set 

membership or non-membership. Professor Zadeh reasoned that people do not require precise, numerical 

information input, and yet they are capable of highly adaptive control. If feedback controllers could be programmed 

to accept noisy, imprecise input, they would be much more effective and perhaps easier to implement. 

A fuzzy logic system (FLS) is able to simultaneously handle numerical data and linguistic knowledge. It is a 

nonlinear mapping of an input data vector into a scalar output [10].

Fuzzy Logic is a problem-solving control system methodology that lends itself to implementation in systems ranging 

from simple, small, embedded micro-controllers to large, networked, multi-channel PC or workstation-based data 

acquisition and control systems. It can be implemented in hardware, software, or a combination of both. Fuzzy 

Logic provides a simple way to arrive at a definite conclusion based upon vague, ambiguous, imprecise, noisy, or 

missing input information. 

Fuzzy logic (FL) deals with the uncertainty by attaching degree of certainty in our answer to logical questions. 

Zadeh[11] proposed how one can inculcate fuzzy knowledge into the systems and decisions made based on that fuzzy 

knowledge can be as good as human beings. A fuzzy set is characterized by a membership function[12] which assigns 

to each object a grade of membership ranging between zero and one. The membership function is a curve that 

defines the membership value of each element of the universe of discourse in the range 0 to 1. The universe of 

discourse is sometimes also referred as input space or universal set, which contains all the possible elements of 

concern in each particular case. If Y, is the universe of discourse and its elements are denoted by y, then a fuzzy set 

F in Y is defined as a set of ordered pairs. 

F = {x, µF(x) | x  X} 

Here µF(x) = Membership Function (or MF) of x in F. Figure (iii) shows a Gaussian bell shape membership 

function. A membership function curve can have a triangular shape, trapezoidal shape, R-function shape, L-function 

shape, etc[12]. FL is a model free approach as it incorporates a simple approach for solving a control problem rather 

than attempting to model a system mathematically. The FL model relies on an operator's experience rather than the 

technical understanding of the system. Fuzzy Logic (FL) is a problem-solving control system methodology which 

can be implemented in hardware, software, or a combination of both. FL provides a simple way to arrive at a 

definite conclusion based upon vague, ambiguous, imprecise, noisy, or missing input information. FL is used in 

control applications because it reduces the time for engineering development and in the case of highly complex 

systems, is the only way to solve the problem. Without precise input highly adaptive control can be achieved by 

using fuzzy logic. Fuzzy Logic provides a simple way to arrive at a definite conclusion based upon vague, 

ambiguous, imprecise, noisy, or missing input information. 

A block diagram of fuzzy controller is shown in figure (ii). The controller is in between pre-processing and post-

processing blocks. 

Figure 2. Block diagram of fuzzy controller 

International Journal of Latest Trends in Engineering and Technology (IJLTET)

Vol. 1 Issue 3 September 2012 111  ISSN: 2278-621X



IV. INDUSTRIAL APPLICATIONS OF FUZZY LOGIC CONTROLLER 

Prof. E. Mamdani and his student, S. Assilian, build first ever fuzzy controller in England in 1973 at the University 

of London. They concluded that a fuzzy based controller was far better as compared to conventional controller for 

controlling the speed of a steam engine. They found that, in conventional controllers, extensive trial and error was 

required to arrive at specific speed set-point. As soon as the speed set-point changed, the trial and error effort 

required all over again whereas the fuzzy controller adapted much better to changes, variations and non-linearity in 

the system [13]. 

Figure 3. System response without Fuzzy Logic Controller[10]

Figure 4 System response with Fuzzy Logic Controller[10]

Many industrial processes are nonlinear and thus complicate to describe mathematically. A cement kiln built in 

Denmark in 1975 was the first industrial application of fuzzy logic. Canon developed a fuzzy based auto-focusing 

camera. The camera's fuzzy control system uses 12 inputs 13 fuzzy rules. A fuzzy based industrial air conditioner 

designed by Mitsubishi heats and cools five times faster as compared to the previous design, reduces power 

consumption by 24%, increases temperature stability by a factor of two, and uses fewer sensors. 

A Fuzzy Logic Controller (FLC) to control the temperature of the water bath was designed. It was observed that the 

response of the FLC was faster than the conventional PID Controller. It was also concluded that FLCs are much 

closer in spirit to human thinking and decision-making. FLC can be designed even when the understanding of the 

system is incomplete, i.e. on situation when it is difficult to construct the mathematical model of the system [14]. 

A FLC for controlling bonded ball size and shear strength density parameters for the wire bonding process was 

designed. The controller was tested on actual devices; results show improved process control .

The process control of pH in wastewater neutralization and metal precipitation processes has been identified difficult 

to achieve via a normal conventional PID controller due to its non-linear and time-varying characteristics. 

The fuzzy logic controller successfully increased the pH of acidic wastewater to pH 9 and maintained this pH for all 

runs regardless the initial metal concentration of the wastewater

The results validate the robustness and the effectiveness of the fuzzy logic controller over the traditional 

PI controller for high performance of the induction motor drive

Experimental results show that the PI controller implemented for controlling the brightness of a LED lamp needs the 

least memory and run time whereas the fuzzy logic controller requires the most memory and run time
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A fuzzy logic controller (FLC) and PI and PD type fuzzy logic controller are developed and simulated for an 

automated car braking system by using fuzzy logic toolbox in MATLAB. Braking performance observed for 

each controller type in term of distance and velocity to prevent collision or accident[19].

A rule-based fuzzy logic controller is developed and simulated to control the output power of a pulse width 

modulated (PWM) inverter used in a stand-alone wind energy conversion scheme (SAWECS) .

V. CONCLUSION 

The fuzzy control algorithm is based on the operator’s experience and field tests. The essence of fuzzy control 

algorithms is a conditional statement between a fuzzy input variable and a fuzzy output variable. The benefits of 

fuzzy controllers could be summarized as follows: 

(i) Fuzzy controllers are more robust than PID controllers because they can operate with noise and disturbances of 

different nature. 

(ii) Developing a fuzzy controller is cheaper than developing a model-based controller. 

(iii) Fuzzy controllers are customizable, since it is easier to understand and modify their rule, which not only use a 

human operator's strategy, but also are expressed in natural linguistic terms. 

(iv) It is easy to learn how fuzzy controllers operate and how to design and apply them to a concrete application. 

It is also important to note that a fuzzy logic can be interfaced with a conventional control .
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