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Abstract

Temperature is one of the exigent parameters that needs to be controlled in today’s industries. Importantly this tempera-
ture control should be precise and fast. As the conventional controllers are not optimally tuned, the controller used for 
controlling the temperature of the electric furnace does not exhibit better performance. Its rise time and settling time 
is too large as well as it has a sizable amount of overshoot. This paper presents a Genetic Algorithm based PID controller 
to overcome the low precision, long rise time and settling time of the controller. In this algorithm, Integral of Absolute 
Error is taken as the object function for minimizing the error. Using this function, the algorithm engenders the optimum 
value of the gain parameters  (Kp,  Ki,  Kd) for the PID controller. It shows better control over the conventional controllers. 
As the overshoot, settling time, and rise time are substantially improved, it provides sharp and prompt control over the 
temperature. This precise and instant control of temperature has a great impact on the food and medicine industries. 
As the temperature could be controlled precisely and instantly, we can avoid the change/degradation of the physical 
properties of the materials that are under process.
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1 Introduction

Electric furnace is one of the most commonly used fur-
naces in the industries. It converts the electric energy to 
mechanical energy (heat) for heating purpose. Tempera-
ture is an exigent parameter that requires control in the 
industries and in engineering [1]. If the temperature is 
not properly controlled, the physical properties of the 
processed material may change/degrade. So, it requires 
precise and fast control as far as possible.

There are manifold controlling methods in industries. 
Such as proportional-integral-derivative (PID) control, 
internal model control (IMC), predictive control, sliding 
mode control (SMC). But 90% of the industries use PID 
controller due to its simplicity, clear functionality and 
applicability [2].

Cohen-Coons as well as Ziegler-Nicholes (ZN) method is 
the most well known conventional PID tuning method [3]. 
Due to the non-linear characteristics of the system, tun-
ing is a laborious task for the researchers. Besides system 
parameters may change with time. In these cases, an adap-
tive and intelligent controlling method could be a better 
option for it. Recently Bio-inspired intelligent computing 
methods (fuzzy logic (FIS), neural network (NN), genetic 
algorithm (GA)) are successfully applied to solve complex 
problems [4].

Traditional PID controllers are linear and require opera-
tors experience to adjust the coefficient, which is a time-
consuming process [5]. So, it requires the development of 
an optimum tuning method for the PID controller.

Genetic algorithm is an optimization (minimization) 
technique based on the evolution process. It was first pro-
posed by Holland in 1975 [5] [6]. It is could be a powerful 
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optimization tool for designing the controllers [3]. It can be 
used to optimize different error functions to obtain con-
venient PID parameters.

Vunlop and Wudhichai in [7] applied Nelder Mead 
method in search of the suitable value of PID using IAE 
as the cost function. And they show that their proposed 
method is more effective than Cohen-Coon method, ZN 
method, and Direct Synthesis method. In [8] Wei Jiang 
and Xuchu Jiang implement a Fuzzy tuned PID for a first 
order system (temperature controlling) and compared its 
response with the conventional PID controller. In paper [5] 
they apply the genetic algorithm based PID controller for 
a gas mixture system and found sharp and prompt control 
over the conventional PID controllers. The authors in paper 
[9] present a comparative study between GA PID controller 
and fuzzy self tuned PID controller for DC motor position 
controllers. In paper [10] they design a self learning fuzzy 
algorithm to optimize the PID controller parameters and 
found better performance. In [11] the authors design PID 
controller, GA based PID controller and GA based IMC con-
troller to control the temperature of the heat exchanger 
and they found that GA based IMC controller shows better 
performance.

As the temperature is an important parameter in today’s 
industries, it needs to be controlled precisely and quickly. 
This paper presents a Genetic Algorithm (GA) based PID 
controller to overcome the low precision, long rise time 
and settling time of the controller. The Genetic Algorithm 
(GA) is used to tune the PID controller. In this algorithm 
integral of absolute error (IAE) is considered as the object 
function. It shows better control over the conventional 
controllers. As the overshoot, settling time, and rise time 
are substantially improved, it provides sharp and prompt 
control over the temperature. This precise and instant con-
trol of temperature has a great impact on the food and 
medicine industries. As the temperature could be con-
trolled precisely and instantly, we can avoid the change/
degradation of the physical properties of the materials 
that are under process.

The subsequent sections of this paper describe the fol-
lowing: PID controller, Genetic algorithms, temperature 
control system, proposed control approach and simula-
tion result and analysis.

2  Literature review

2.1  PID controller

PID controller employs a fundamental control method 
with strong control property [12]. PID controllers are 
most commonly (around 90% of the controllers) adopted 
controller in the industries [13]. PID controller consists of 

three (03) basic gain parameters  (Kp,  Ki,  Kd) Schematic of 
PID controller is shown in Fig. 1. If the proportional gain 
rises, the rise time and the steady-state error decrease. If 
the  Ki increases, the rise time  (trt) decreases but the settling 
time  (tst) and the overshoot increase which can be over-
come by the increase of the derivative gain. Here the input 
to the PID controller is e(t) and output is u(t). The relation 
between the input and output is shown in Eq. 1 [14].

Taking Laplace transformation:

2.2  Genetic algorithm

Genetic Algorithms (GAs) are an optimization process that 
follows the process of natural evolution [15]. It is inspired 
by the process of selection and the mechanics of genet-
ics [16]. These are a part of evolutionary computing i.e. 
artificial intelligence. The important part of GA is the selec-
tion of proper objective functions. We have to find out the 
optimum value of this function. Genetic algorithms search 
for the optimum solution and start blindly in search of best 
solution from a collection of a potential solution. These 
collections of the solutions are known as population and 
the each solution of the population is called chromosome. 
These chromosomes are compared among themselves 
based on their fitness value. Then the fittest member is 
selected. GA algorithm composed of 03 basic opera-
tions, mutation, crossover, and reproduction [17]. If this 
member does not meet the stopping criteria, the genetic 

(1)u(t) = kpe(t) + ki ∫ e(t)+kd
de(t)

dt

(2)u(s) = kpE(s) + ki
E(s)

s
+ skdE(s)

(3)
u(s)

E(s)
= kp +

ki

s
+ skd

(4)C(s) = kp +
ki

s
+ skd

Fig. 1  PID controller
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algorithm applies its processes to create new population. 
This process goes on until the stopping criterion is met. 
The flow chart of the GA process is presented in Fig. 2 and 
it is described step by step below:

Step 01: Initial Population

The First step of the genetic algorithm is to declare the 
initial population which contains the possible solutions of 
the given problem.

Step 02: Evaluate the fitness

In this step, fitness of each individual is evaluated. The 
individuals i.e. the possible solutions are ranked based on 
the fitness value.

Step 03: Genetic Operation

The genetic operations follow the natural evaluation 
process. It includes three basic operations to create new 
population to find the optimum solution:

1. Selection In this operation, the individuals (chromo-
somes) are selected from the initial population for 
further processing. Now, the problem is how to select 
the chromosomes. According to Darwin’s theory, the 
best individuals will survive and breeds new individu-
als (solutions). Generally, individuals with high fitness 
value are selected as the parent for crossover.

2. Crossover In crossover operation, it combines two 
selected parents to produce offspring (new solutions). 
It is a way of creating new solutions from the exist-
ing solutions. The crossover takes place according to 
a defined crossover probability.

3. Mutation After crossover, mutation takes place. Muta-
tion means the flipping of the bits of the individuals 
i.e. flipping it 0 to 1 or 1 to 0. In the mutation process, it 
flips the bits randomly based on small mutation prob-
ability.

Then again it goes to step 02 to evaluate the fitness. 
This process goes on until the stopping criteria are met.

2.3  Temperature control system

The electric furnace comprises of a furnace, controller, 
temperature, power regulator, sensor, heating coil etc. 
Here, the temperature is sensed by the sensor and pro-
duce a voltage, which is negative feedback to the input 
(set temperature). Based on the error voltage, the control-
ler regulates the input power to the electric furnace.

The mathematical model of the above furnace can be 
described as [7]:

Here the delay e−1.5s is approximated as:

Putting the value from Eq. (6) to Eq. (5) we get the over-
all system function is as follows.

3  Proposed temperature control approach

Figure 3 shows the proposed GA based control method 

to tune the PID for the electric furnace. Here the plant 
G(s) indicates the transfer function of the temperature 
control system of Fig. 4. The output temperature y(t) is 
feedback to the input and compared with the set tem-
perature x(t). Thus the generated error signal e(t) which 

(5)G(s) =
0.15

s2 + 1.1s + 0.2
e
−1.5s

(6)e
−1.5s

≈

1 −
1.5

2
s

1 +
1.5

2
s

=
1 − 0.75s

1 + 0.75s

(7)G(s) =
−0.1125s + 0.15

0.75s3 + 1.825s2 + 1.25s + 0.2

Fig. 2  Genetic Algorithm (GA)

Fig. 3  Proposed GA based PID controller
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is the difference between the x(t) and y(t), governs the 
PID controller. The PID controller acts in such a way that 
it tries to minimize the error. On the other hand, the GA 
forms the object function (Integral of Absolute Error 
(IAE)) using the error signal to tune the PID controller. It 
is the function which is optimized by genetic algorithm. 
The proposed object function is mentioned in Eq. 8. The 
overall methodology is described step by step below:  

Step 01: Selection of the gain parameters

The PID controller is used in cascade with the elec-
tric furnace. Here the three basic gain parameters of the 
PID type controller are  KP,  Ki, and  Kd. If  KP rises, the rise 
time and the steady-state error decrease. Again, if  Ki 
increases, the rise time decreases but the overshoot and 
the settling time increase, which could be overcome by 
increasing the  Kd. Following the Figs. 5, 6 and 7 and the 
Tables 1, 2 and 3 represents the variations of the char-
acteristics parameters of the system with the change of 
gain parameters. From these tables it is apparent that 
the variations of the characteristics parameters are not 
uniform rather these are sometimes increasing, some-
time decreasing, and sometimes fluctuating.

As the control characteristics (overshoot, rise time, 
and settling time) change with the variation of the gain 
parameters, one needs to choose the optimum value of 
the gain parameters  (KP,  Ki,  Kd). So, the genetic algorithm 

is applied to find the suitable (optimum) values of these 
gain parameters.

Step 02: Choosing the object function

The object function is an indispensable part of the 
genetic algorithm, which affects the functionality of the 

Fig. 4  Temperature control system

Fig. 5  Variation of characteristics parameters with the change of  Kp

Fig. 6  Variation of characteristics parameters with the change of  Ki

Fig. 7  Variation of characteristics parameters with the change of  Kd

Table 1  Variation of characteristics parameters with the change of 
 Kp

Kp Rise time (s) Settling time (s) Percentage 
overshoot 
(%)

1 4.04 12.7 4.69

2 2.53 15.2 20.8

3 1.90 18.4 38.9

Table 2  Variation of characteristics parameters with the change of 
 Ki

Ki Rise time (s) Settling time (s) Percentage 
overshoot 
(%)

0.5 1.79 10.2 0

1.25 1.56 17.5 27.7

2 1.43 45.2 61.6
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GA [5]. The genetic algorithm searches for the optimum 
(minimum) value of this object function. The genetic 
algorithm uses the error signal e(t), which is the dif-
ference between the set input and output to form the 
object function. It is the function which is optimized by 

genetic algorithm. Here the integral of absolute error 
(IAE) is considered as the object function for optimiza-
tion which is mathematically represented by Eq. (8).

Step 03: Finding the optimum value using GA

In this step genetic algorithm is applied to tune the 
PID controller i.e. to find the optimum value of  Kd,  Ki, and 
 Kp. Parameters used for the genetic algorithm is given 
in Table 4. And Table 5 shows the rages of gain param-
eters that are used to find the optimum value of them. 
There is no specific rule for selecting the population size. 
Generally it is selected randomly. Here the population 
size and rages of gain parameters are determined based 
on trial and error for which the algorithm shows better 

(8)IAE = ∫
∞

0

|e(t)|dt

performance. The optimized value of these gain param-
eters are shown in Table 9.

4  Simulation and analysis

The simulation of the proposed GA optimized PID control-
ler is accomplished in MATLAB. The step response of the 
system is observed under various conditions such as with/
without PID controller. Also, the obtained results using dif-
ferent methods are compared among themselves. Here 
the step response means the output of the system for a 
step input. The step input indicates the input temperature. 
The output is also in temperature.

4.1  Step response of conventional controller

Here Fig. 8 shows the step response of the uncontrolled 
system. It is apparent from the response that, it is not com-
petent. The rise time and setting time is too high. Besides, 
it has a large offset error which is difference between the 
reference input and output. Here the reference is step 
input that is one and the output is approximately 0.75. 
Table 6 presents the values of settling time, rise time and 
percentage of overshoot that are found for the uncon-
trolled system.

Figure 9 shows the response of the system that is tuned 
by different methods of [7]. And Table 7 represents the 
characteristics parameters of the respective response. 
Here, the ZN method has the largest percentage of over-
shoot. On the other hand, the Nelder-Mead method and 
direct synthesis have least amount of overshoot. Though 

Table 3  Variation of characteristics parameters with the change of 
 Kd

Kd Rise time (s) Settling time (s) Percentage 
overshoot 
(%)

3 1.43 9.82 24.3

5 1.01 7.38 24.6

7 0.694 8 38.4

Table 4  GA parameters

Parameters Values

Population type Double vector

Fitness scaling (scaling function) Rank

Creation function Constraint dependent

Crossover Single point

Selection Roulette

Mutation Uniform

Population size 20

Table 5  Range of  Kp,  Ki and  Kd Parameters Mini-
mum 
value

Maxi-
mum 
value

Kp 1 4

Ki 0 2

Kd 3 7

Fig. 8  Response (step) of the uncontrolled system

Table 6  Obtain parameters 
without controller

Parameters Values

Rise time 10.2 s

Overshoot (%) 0

Settling time 19.8 s
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direct synthesis has a minimum amount of overshoot, 
its rise and settling time is the largest. Comparing the 
above mention methods Nelder-Mead method shows a 
better result than the other methods. But its percentage 
of overshoot is greater than the direct synthesis method. 
Our proposed GA based PID controller reduces the above 
limitations which is presented in the next section.

4.2  Step response of the proposed GA‑PID 
controller

As the characteristics of the step response mainly depend 
on the value of the gain parameters, these values should 
be selected carefully. The dependence of the character-
istics parameters on the gain parameters are shown in 
Table 8 [18]. In order that all the characteristics parameters 
are in acceptable range, one needs to use the optimum 
value of the gain parameters  (KP,  Ki,  Kd). After applying the 
genetic algorithm, the obtained optimized value of the 
gain parameters are shown in Table 9.

The response of the electric furnace with proposed 
GA-PID controller is shown in Fig. 10. Here, the perfor-
mance of the proposed method is evaluated based on 
the percentage of overshoot, settling time, and rise time. 
From Fig. 10 it is found that transient response (settling 
time and rise time) is significantly improved and the set-
tling time, percentage of overshoot, and rise time have 
the least value compared to the methods mentioned 
in [7] and steady-state error is nil. The values of these 
characteristics parameters of the proposed method are 
shown in Table 10.

Fig. 9  Response (step) of the system with conventional PID control-
ler

Table 7  Characteristics 
parameters of different 
methods method

Parameters ZN method [7] Cohen-Coon 
method [7]

Direct synthesis 
method [7]

Nelder-
Mead 
method [7]

Rise time (s) 1.2927 1.8049 3.0855 1.31

Overshoot (%) 37.3952 17.5964 3.6878 7.0007

Settling time (s) 9.9689 20.8248 9.211 7.65

Table 8  Dependance of the 
charateristics parameters on 
the gain parameters

Increasing the 
parameter

Rise time Overshoot Settling time Steady state error

Kp Decreases Increases Small change Decreases

Ki Decreases Increases Increases Highly reduced

Kd Small change Decreases Decreases Small change

Table 9  Optimized value of  Kp, 
 Ki and  Kd

Parameters Optimized values

Kp 3.4066

Ki 0.6221

Kd 6.7512

Fig. 10  Response of the system (GA-PID controller)
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4.3  Performance comparison

Here Table 11 shows the comparative analysis of the 
proposed method with other methods such as Cohen-
Coon method, Direct synthesis method, Nelder Mead 
method that are shown in [7]. The performance of the 
PID controller is appraised based on settling time, per-
centage of overshoot, and rise time. From the Table 11, 
it is apparent that the proposed method has minimum 
rise time 1.14 s, settling time 7.21 s and percentage of 
overshoot 3.27% i.e. the proposed GA-PID controller 
shows more refined performance than other methods 
(Fig. 11).

Figure 12 represents the values of the gain param-
eters  (KP,  Ki,  Kd) that are used in different methods of [7].

From the above simulation and data, it is apparent 
that the proposed genetic algorithm based optimiza-
tion technique exhibits better performance than other 
methods.

5  Conclusion and future scope

This research proposed an IAE based genetically opti-
mized PID controller to control the temperature of the 
electric furnace. The IAE is considered as the object func-
tion for the optimization of error. From this optimization 
we acquire the optimum value of  Kp = 3.4066,  Ki = 0.6221, 
and  Kd = 6.7512. For these values of the gain parameters, 
the step response of the system exhibits better result than 
conventional methods. Besides using the Routh-Hurwitz 
criterion for stability it is found that the system is stable. 
This sharp and prompt control over the temperature has a 
great impact on the food and medicine industries. As the 
temperature could be controlled precisely and instantly, 
we can avoid the change/degradation of the physical 
properties of the materials that are under process. Due to 
the long term operation of a process, its parameters may 
change with time. This will affect the precision as well as 
fast response in transient period. This needs further inves-
tigation to overcome the above limitation.
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