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Abstract: 

PID controllers are being widely used in industry due to their well -grounded established theory, maintenance requirements and 

simplicity. Proportional-Integral-Derivative (PID) controllers are widely used as a means of controlling system outputs. Many tuning 

techniques have been used to tune the PID parameters. The proposed project presents the Genetic A lgorithm (GA) as a method fo r 

optimization of PID. Optimization of the PID parameters is important because they influence the stability and performance of the 

system. MATLAB will be used for the simulat ion with Genetic A lgorithm. Tuning of the PID with Genetic Algorithm will provide 

better performance as compared to that obtained by the older methods like Zeigler-Nichols I and II method. 
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I. Introduction 

Control system has assumed an increasingly important role in 

the development and advancement of modern civilizat ion and 

technology in the recent years. Practically every aspect of our 

day-to-day activities is affected by certain control systems. 

Control systems which are automatic are found in abundance 

in all sectors of industry, such as controlling quality of the 

manufactured products, assembly line which is automatic, 

machine-tool control, space technology and weapon system, 

control of computer, transportation mechanisms, power 

control, robotics and many others[1]. It is essential in 

operation in industries such as pressure control, temperature 

control, humidity control, and flow in the process industries. 

Designing and control of the automatic systems in any of the 

process control and automation industries is the most 

important part. Here the analysis of temperature process by 

making a Proportional- Integral-Derivative (PID) based 

temperature controller is presented. Here the process is a 

water tank with temperature sensors. Using the PID controller 

a temperature controller is designed. Genetic Algorithm (GA) 

is used to tune the PID. Controlling or the maintenance of the 

desired temperature is an important task in all the process 

industries. Proportional-Integral-Derivative (PID) controllers 

can be used in many control problems.  PID controller is a 

control loop system with a feedback mechanism which 

commonly used in industrial control systems. It continuously 

calculates an error value which is the difference of the 

measured process variable and a desired set-point. PID 

controller has the control dynamics which include zero steady 

state error, fast response, no oscillat ions and higher stability. 

The main function of a PID is to read the sensor, then 

calculate the proportional response, integral response and 

derivative responses to compute the desired actuator output, 

and finally summing the three components to compute the 

output. PID controller is a good option when one needs a 

smooth change of parameters. We can get the desired value of 

parameters quickly and can hold the position with great 

efficiency using a PID controller. In the distributed control 

system, the PID’s form an important part. PID control is often 

combined with logic, various selectors, and simple blocks of 

functions to build the complicated automation systems used 

for energy production, transportation, and manufacturing. PID 

control is used at the lowest level; the multivariable controller 

is used to assign the set-points to the controllers  at the lower 

level. 

 

II. Temperature Process 

We can control the temperature of any process using a 

temperature controller. The proposed system consists of a 

liquid tank as a process and temperature sensors. The 

temperature sensors used are type RTD, Pt 100. The 

temperature of the liquid inside the process tank is controlled 

by the controller. The inlet temperature and the outlet 

temperature are continuously monitored by the temperature 

control system. It contains a control unit, input temperature 

unit and control output unit. The Analog-to-digital unit and 

the temperature sensor, together they contribute to the 

temperature input unit and the solid state relay driver forms 

the output control unit. 

 
 

Fig 1. Block Diagram of a temperature p rocess 

Temperature o ften has to be set on large machines or process 

or system. When faults occur, the setting should not change 

the process. Such tasks are undertaken by a closed loop 

controllers. First the control variable is measured and thus 
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creating an electrical signal which allows an independent 

closed-loop controller the work of controlling the process 

variable. The value which is measured in the controller must 

then be compared with the desired process  value or the value 

of the desired curve. Final result of the comparison determines 

any action that needs to be taken for the process. At the end a 

perfect location must be found in the system where the 

controller can affect the controller variab les. In the 

temperature closed-loop control system the task is to maintain 

the temperature of the outlet at the desired value or to follow 

the desired-value curve. 

 

III. Mathematical Modeling  

In all the modeling systems, the development of a process 

model is an important part. It is important that such a 

framework should be used for developing a process model 

which is adequate and accurate for the purpose. Modeling is 

defined as the construction of a process or system model with 

its physical parameters. Most of the process industries face the 

challenge of precise temperature control. A practical 

temperature process system is highly non-linear and sluggish 

in nature. For larger systems, the process modeling becomes 

complex. The below figure shows a liquid tank with coil, 

liquid flow in continuous manner and transfer of the heat 

through the walls. The heater coil is used to deliver power. 

Power from the heater is given by ‘P’. The temperature of the 

process tank is given by ‘T’. The inlet flow temperature is 

‘Tin’. The outlet temperature is given by ‘Tout’.  

 
 

Fig 2 Liquid tank 

The relationship between the input and output parameters, and 

using some assumptions like the tank inflow and outflow are 

equal, and thermal energy is stored in the heater coil. This 

indicates that the whole of the power supplied to the heating 

element is given to the liquid tank. The energy balance 

equation lays the basis for the process model for the 

temperature process. It is given by: 

 

[d(CpVT(1))]/dt = KeU + CW(Tinn – T1) + U(Tenv – T1)    

 ………….…(1) 

 

Practically there exists a time delay between excitation in the 

heater and the response in the temperatures sensor. 

Take the Laplace transform of the above process model to get 

the transfer function : 

 

T(s)/U(s) = H(s) = [Ku/(Ts + 1)] e
Ts

           ………….....(2) 

Another assumption is that the time delay is inversely 

proportional to the mass flow rate W. 

The model gain, the temperature process, the time delay and 

the time constant is given by: 

 

T(s)/U(s) = [Ku/(Ts + 1)] e
tds

  …………......(3)  

Using the various experimental results, the model of the 

temperature process is given by: 

 

G(s) = [50/(30s+1)] * [(-0.5s +1)/(0.5s + 1)] ……………...(4) 

 

IV. Design technique used earlier 

The parameters of the basic PI controller are given as 

proportional gain which is denoted by ‘Kp’ and integral gain 

which is denoted by ‘Ki’. During the last years numerous 

methods have been developed for giving the exact values to 

the PID Controller parameters. This paper describes the IMC 

tuning method for tuning the PI. IMC is based on a different 

structure and controller. For multivariable systems we can use 

‘IMC’. It g ive a zero steady state response for step inputs. 

 

V. The Internal Model Principle  

The Internal Model Principle is the basis for the Internal 

Model Control (IMC). It says that if the control system 

encapsulates – implicitly o r exp licit ly, then only the control 

can be achieved. The exact model process is used to develop 

the control system and then the perfect control is implied in 

theory. It is called an Internal Control Model as the controller 

used is based on the concept of the model.  

 
Fig 3 Open Loop control system 

 

The above technique uses a controller Gc(s) to control a 

process Gp(s). Here we have assumed that [Gp(s)]’ is a model 

of Gp(s). If we set Gc(s) to be inverse of the model process, 

Gc(s) = [Gp(s)’]
-1

 also if Gp (s) = [Gp(s)]’, then the output of 

the process is exactly equal to the set point. 

 

VI. The IMC Strategy 

Practically, the mismatching of the process and the model is 

very common. The open loop control system may not be able 

to maintain output at the desired set-point. This gives a way to 

the development of the control strategy that has the ability to 

gain exact control of the system. This is the basic concept 

behind the IMC strategy. 

 
Fig 4 Schemat ic diagram of IMC 
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The perfect set-point tracking and disturbance rejection is 

calculated from the closed loop expression. The loop 

expression  is given as: 

 

Gc(s) = [GP(s)]’ and if Gp(s) = [GP(s)]’ 

 

Second condition is that if Gp(s) and  [GP (s)]’ are not same, 

then the disturbance rejection can be calculated but  Gc(s) = 

[Gp (s)]
-1

  

 

In order to improve the efficiency of the controller, the errors 

due to the mis match of the process model should be avoided 

or at least minimized. One way to minimize this is to use a 

low pass filter. The low pass filter attenuates this effect. 

Therefore, the IMC is designed as an inverse case of the 

process model where the low pass filter and the process model 

are in series. That means GIMC (s) = Gc(s) Gf(s). 

 

VII. IMC PID Controller 

The Proportional Integral and Derivative controller is the 

oftenly used controller in the various industrial processes. It is 

largely used because of the reason that it gives an open 

framework for the designing of the control system and its 

tuning. This paper presents the implementation of the IMC 

PID controller. It is a idea largely used in the control system. 

By implementing this controller, stable and perfect results are 

obtained. It can be called as a two degree controller. The main 

aim of the IMC PIC controller is achieved by the block 

diagram representation of the IMC. This helps to form the 

closed loop control feedback system which is standard in 

itself. While implementing the IMC law for the transfer 

function of the common process, IMC law is then similar to 

the PID type controllers. This type of implementation uses an 

estimate for the time delays so that we can calculate a PID 

control law. 

 
Fig 5 b lock diagram 

 The above diagram then transforms to the given diagram 

 
Fig 6 Block d iagram 

Therefore, GPID(s) = [GIMC(s)] / [1 – GIMC (s)Gp(s)’] 

 ………….(5) 

 

GPID (s) = [GP 
+
 (s)]

-1
 Gf (s) / [1 – Gp

-
 (s) Gf (s)] 

  ………….(6) 

 

In case of the first order system having a time delay, it is 

given by 

 

[GP (s)]’ = [Kexp(-tds)]/ [1 + ts]   

  ………….(7) 

 

The above expression is for the temperature process having 

the time delay. 

 

VIII. IMC – PID Control for the Temperature Process 

The temperature process design  is given by: 

Gp(s) = 50/(30s + 1)  *  (-0.5s + 1)/(0.5s + 1) 

 

The expression for process model is: 

[GP (s)]’ = 50* (-0.5s + 1)/ (30s + 1) 

 

Now GP (s)’ = [GP (s)]’ = [50/(30s + 1)] e
Ts  

 …………(8) 

 

After factorizing Gp
-
(s) = -0.5s +1 ………… (9) 

 

Gp
+
(s) = 50/30s +1 (0.5s +1) ……….. (10) 

 

GPID (s) = GP
+
 (s) 

-1
 Gf (s)/ 1- Gp

-
 (s) Gf (s) ……….. (11) 

 

Therefore, GPID (s) = [(30s + 1)*(0.5s + 1)]/[50(a + 0.5)s] 

    ……….. (12) 

Now the above expression is compared with the earlier PID 

PID(s) = Kc  (1+ 1/Tis + sTd) ………... (13) 

 

Here Kc is given by [t+ td/2]/ [K(a + td/2)],  

Ti = td/2 + t; 

Td = [T td/2]/ 2(td/2 + t) ………… (14) 

The time constant here is given the value 30 sec, the gain is 

given the value 50, filter coefficient is given the value 20, and 

dead time is equal to 1 sec. 

Therefore, the various values are as follows: 

 

Kp = (30 + 0.5)/50(20 + 0.5); Ti = 0.5 + 30; Td = 30/2(0.5 + 

30); 

 

Kp = 0.02975;                    Ti = 30.5;                 Td = 0.4198; 

 

Kp = 0.02975;                     Ki = 0.000975;         Kd = 0.01463; 

 

Using the technique, the IMC tuning parameters for the 

proposed system are as calcu lated as  

Kp = 0.02975; 

Ki = 0.000975;  

Kd = 0.01463; 

 

IX. GA based PID controller 

Genetic Algorithm (GA) is an optimization technique used to 

solve non-linear and non differentiable optimizat ion problems. 

They use concepts from evolutionary biology. Genetic 

Algorithm works by starting with an init ial generation of 
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candidate solution that is tested against the objective function. 

Subsequent generations evolve from the first through 

selection, crossover and mutation. Genetic Algorithm does not 

uses determin istic rules but probabilistic transition rules 

instead and handles a population of potential solutions known 

as individuals or chromosomes that evolve iteratively.  

The Genetic A lgorithm is an algorithm where the init ialization 

is done with a random population having population between 

20 and 100. A real valued number or a binary string is used to 

represent the population. This is called a chromosome. There 

exists an objective function which is used to decide that how 

efficiently an indiv idual performs the job. The objective 

function is used to assign the individuals a number which is 

called a fitness function. Fitness of the chromosomes is 

determined and the strategy called the survival of the fittest is 

used. Here, the value of the error is used to determine the 

fitness of the chromosomes. The Genetic Algorithm works on 

the three main operations called Select ion, crossover and 

mutation. 

 
Fig 7 Flow chart of Genetic Algorithm 

 

X. Implementation of Genetic Algorithm 

The Genetic Algorithm can be used to find the best  values of 

the PID controller parameters eg., ‘Kp’  and ‘Ki’. The 

chromosomes are the different values for the PID controller 

parameters and there values are arranged so that objective  

function is minimized, which is the error criteria in this 

problem.  

 

Initializing the parameters 

In order to implement the Genetic Algorithm, various 

parameters should be defined. These parameters include the 

size of the population, the length of the chromosomes, 

iterations, selection, crossover and mutation. The efficiency of 

the controller is decided using these parameters. The range 

which is required for the tuning parameters is 0 – 10. 

The various initialization values for the parameters is as 

follows: 

Size of the population: 100 

Length of the chromosomes: 6 

No of generations: 100 

Method of selection: Roulette wheel 

Type of crossover: Sing le point crossover. 

Probability of crossover: 0.8 

Type of mutation: Uniform mutation 

Probability of mutation: 0.05 

 

Termination criteria 

The Genetic Algorithm can be ended if the number of 

iterations reached is maximum or when the required value of 

the fitness function is attained. Here the fitness value is the 

inverse of the magnitude of the objective function. Here the 

termination criteria are set as 100. 

 

 

 

Results 

 
Fig 8 when Kp=kd=ki=1 

 

 
 

Fig 9 In between the required values 

                                        

 
 

Fig 10 when Kp=0.02975 ;  ki=0.000975; kd=0.01463  

 

Table: 1. Comparison of the time domain specifications  

 

XI. Conclusion 

The results attained from the GA based PID controller are 

better as compared to the ones obtained from the earlier 

techniques. The simulation response reflects the efficiency of 

the GA based PID controller. The error produced in the GA 

based PID controller is less than that produced by the ZN or 

IMC tuning technique. The response obtained from the ZN-II 

method shows oscillat ions which are not required in the 

 Rise time 

(sec) 

Peak time 

(sec) 

Settling 

time (sec) 

PID 

controller(ZN-

II) 

285 515 3000 

IMC 

Controller 

110 0 2688 

GA Controller 56 0 280 
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system functioning. This is one of the main disadvantages of 

the ZN method. If the system conditions change, then the 

response may become oscillatory thus leading to the 

unstability of the system. Therefore, the PID controller based 

on the Genetic Algorithm removed these disadvantages and 

made the response of the system much stable as compared to 

the one obtained by the convention techniques. 
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