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Abstract
During the last years, the use of intelligent strategies   for tuning of 
controller has been growing. The evolutionary strategies have won 
an important place thanks to their flexibility. PID tuning plays an 
important role in operations or tuning in the complex process such 
as the temperature of an oven used in many industrial applications. 
This paper describes the MATLAB/Simulink realization of the 
DC motor speed control methods armature voltage and armature 
resistance control methods, and feedback control system for DC 
motor drives. This paper addresses comparison of tuning methods 
of the PID Controller using various tuning techniques and genetic 
algorithm based tuning technique on speed control of dc motor 
by armature resistance control method.

Keywords
Ultimate Gain, Probabilistic Transition, Genetic Algorithm, Sag 
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I. Introduction
The separately excited Direct Current (DC) motors with 
conventional Proportional- Integral (PI) speed controller are 
generally used in industry. This can be easily implemented and 
are found to be highly effective if the load changes are small. 
However, in certain applications, like rolling mill drives or 
machine tools, where the system parameters vary substantially 
and conventional PI or PID controller is not preferable due to 
the fact that, the drive operates under a wide range of changing 
load characteristics. In this work we have used the PID controller 
for simulating the behavior of the closed-loop system; plot the 
closed-loop system step response of speed control of dc motor. The 
PID controller calculation involves three separate parameters; the 
proportional, the integral and derivative values. The proportional 
value determines the reaction to the current error, the integral 
value determines the reaction based on the sum of recent errors, 
and the derivative value determines the reaction based on the 
rate at which the error has been changing. The weighted sum of 
these three actions is used to adjust just the process via a control 
element such as the speed control of dc motor.

A. The Three Term Control Signal

B. Transfer Function of PID Controller
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C. PID Controller in Forward Path

Fig. 1: PID Controller in Forward Path

The Objectives that have been realized through the above difficulty 
are the following:

To identify the d.c motor parameters1. 
To determine the transfer function of the d.c motor with 2. 
armature resistance. 
To investigate the response of various control tuning 3. 
methodologies using MATLAB.
To compare the above responses with the controller tuning 4. 
designed by using GENETIC ALGORITHM.

In this paper, a GA was used to automate the tuning of armature 
control of d.c motor in order to get insight of the advantages of 
using a GA, the results were compared against the open loop 
system, closed loop system, Ziegler-Nichols first method and 
Ziegler-Nichols modified closed loop method.

II. PID Controller Tuning Methods

A. Ziegler-Nichols First Method
Ziegler-Nichols method applies to the open loop transfer function. 
It is simpler to calculate because the guess work is taken out as 
opposed to the closed loop method where the accuracy of ‘steady 
oscillations’ becomes estimation at best. The control law settings 
are then obtained from the Table I. Here L is delay time and T is 
time constant.

Table 1: Tuning Parameters for Ziegler Nichols First Method
Types of 
Controller   Kp   Ki   Kd

  P  T/L
  PI  0.9T/L L/0.3
  PID 1.2T/L  2L  0.5L

B. Ziegler-Nichols Closed Loop Method
The method is straightforward. First, set the controller to P mode 
only then set the gain of the controller (Kc) to a small value. Make 
a small set point (or load) change and observe the response of the 
controlled variable. If kc is low, the response should be sluggish. 
Increase kc by a factor of two and make another small change in the 
set point or the load. Keep increasing kc by a factor of two until the 
response becomes oscillatory. Finally, adjust Kc until a response 
is obtained that produces continuous oscillations. This is known 
as the ultimate gain (Ku). Note the period of the oscillations (Pu). 
The control law settings are then obtained from the Table I.
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Table 2: Tuning Parameters for Ziegler Nichols Closed Loop 
Ultimate Gain Method
Types of 
controller   Kp     Ti      Td

P Ku/2    ∞    0
PI Ku/2.2 Pu/1.2    0
PID Ku/1.7  Pu/2 Pu/8

It is unwise to force the system into a situation where there are 
continuous oscillations, as this represents the limit at which the 
feedback system is stable. Generally, it is a good idea to stop at 
the point where some oscillation has been obtained. It is then 
possible to approximate the period (Pu) and the gain at this point 
is taken as the ultimate gain (Ku), then this will provide a more 
conservative tuning regime.

C. Genetic Algorithm
Genetic algorithms are search algorithms based on the mechanics 
of natural selection and natural genetics. They combine survival of 
the fittest among string structures with a structured yet randomized 
information exchange to form a search algorithm with some of 
the innovative flair of human search. Genetic algorithms have 
been developed by John Holland, his colleagues, and his students 
at the University of Michigan. The goals of their research have 
been two fold: 

To abstract and rigorously explain the adaptive processes of 1. 
natural systems
To design artificial systems software that retains the important 2. 
mechanism of natural systems.

Genetic algorithms are different from more normal optimization 
and search procedures in four ways:

GAs work with a coding of the parameter set, not the • 
parameters themselves.
GAs search from a population of points, not a single point.• 
GAs are payoff (objective function) information, not • 
derivatives or other auxiliary
GAs use probabilistic transition rules, not deterministic • 
rules. 

III. Control Characteristics for Designing of Controller

A. Control Characteristics in Armature Controlled DC 
Motor System
DC motors are widely used in industrial and domestic equipment. 
The control of the speed of a motor with high accuracy is required. 
The electric circuit of the armature and the free body diagram of 
the rotor are shown in fig. 2.
The controls for motors are position or/and speed controls. A 
desired speed may be tracked when a desired shaft position is also 
required. In fact, a single controller may be required to control 
both the position and the speed. The reference signal determines 
the desired position and/or speed. The controller is selected so 
that the error between the system output and reference signal 
eventually tends to its minimum value, ideally zero. There are 
various DC motor types. Depending on type, a DC motor may 
be controlled by varying the input voltage whilst another motor 
only by changing the current input.

Fig. 2: Model of Armature Controlled DC Motor

B. Designing of Controller using Genetic Algorithm
For Design of controller for armature control d.c motor system, 
a Genetic algorithm based Matlab Program is constructed. This 
program uses the Kp, Ki and Kd parameters as three chromosomes 
of each individual of a population. Genetically these parameters 
are tuned so that the fitness function (Integral Square of the error) 
is minimized. It is a simple Genetic Algorithm with one point 
crossover in analog form, simple mutation and Roulette Wheel 
selection method is used. For last iteration, a result of step response 
is checked to determine rise time, peak overshoot and settling 
time.

C. Identification of Armature Controller DC Motor  
Parameters

1. System Equation
The motor torque T is related to the armature current, i , by a 
torque constant K;
T = Ki      (1)
The generated voltage, ea, is relative to angular velocity by;

    (2)
From Fig. 1 we can write the following equations based on the 
Newton’s law combined with the Kirchoff’s law:

    (3)

    (4)

2. Transfer Function
Using the Laplace transform, equations (3) and (4) can be written 
as:

   (5)

  (6)
Where  s denotes the Laplace operator. From (6) we can express 
I(s):

   (7)
and substitute it in (5) to obtain:
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  (8)
This equation for the DC motor is shown in the block diagram 
in Fig. 2. From equation (8), the transfer function from the input 
voltage, V (s), to the output angle, θ, directly follows:

 (9)

Fig. 3: A Closed-Loop System That Representing the DC Motor

From the block diagram in fig. 3, it is easy to see that the transfer 
function from the input voltage, V (s), to the angular velocity, 
ω, is:  

On putting the values of  R=Ra=Armature resistance in ohm, 
L=La=Armature inductance in henry ,i=ia= Armature current 
in ampere ,v= Va=Armature voltage in volts ,eb=e(t)=Back emf 
voltage in volts, Kb=back emf constant in volt/(rad/sec), K= 
Kt=torque constant in N-m/Ampere, Tm=torque developed by 
the motor in N-m, θ(t)=angular displacement of shaft in radians, 
J=moment of inertia of motor and load in Kg-m2/rad, B=frictional 
constant of motor and load in N-m/(rad/sec)
The DC motor under study has the following specifications and 
parameters.

(i) Specifications
2hp, 230 volts, 8.5 amperes, 1500rpm

(ii) Parameters
Ra=2.45 ohm, La=0.035 H, Kb=1.2 volt/(rad/sec), J=0.022Kg-m2/
rad ,B=0.5*10 3−  N-m/(rad/sec).The overall transfer function of 
the system is given below,

 

IV. Responses of Various Control Tuning Methodo-
logies

A. Closed Loop Response 
Closed loop response of the plant with unity feedback is as shown 
in fig. 5. Rise time, settling time, peak overshoot are also shown 
in the fig. 4.
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Fig. 4: Closed Loop Response After Unity Feed Back

B. Zeigler-Nichols First Method
The results of PID tuning using Ziegler-Nichols first method are as 
shown in fig. 5. Here the values of Kp, Ki and Kd acc. to Ziegler-
Nichols first method are as:
Kp = 18.01
Ki = 0.0345
Kd = 0.0181
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Fig. 5: Zeigler-Nichols First Method

C. Zeigler-Nichols Closed Loop Method
The results of PID tuning using Ziegler-Nichols method are as 
shown in fig. 6. Here the values of Kp, Ki and Kd acc. to Ziegler-
Nichols first method are as:
Kp = 18
Ki = 0.045
Kd = 0.0182
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Fig. 6: Zeigler-Nichols Method
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C. Genetic Algorithm Response
The step response for a time delay model is as shown above in 
figure 5, due to the exponential factor a dip is observed in the 
response. When a GA tuned PID controller is used then the step 
response of the closed loop system is as given in fig. 8.
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Fig. 7: Nyquist Plot of GA based PID Controller
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Fig. 8: Step Response of Armature Controlled DC Motor with the 
Addition of GA Based PID Controller

Nyquist plot of the transfer function with addition of controller is 
shown in fig. 7. It shows the relative stability of the plant. Points 
mentioned in the graph shows the stability in that region.

V. Comparison and Discussions
Closed loop response after applying feedback unity.1. 
Ziegler-Nichols First method.2. 
Ziegler-Nichols Closed Loop Method.3. 
Genetic Algorithm response.4. 

Table 3: Comparison of Various Tuning Methods

Sr. 
No.

Peak 
Response, 
Overshoot

Settling 
Time 
(sec)

Rise 
Time
(sec)

Sag

1 0% 4.59 2.55 present

2 5.71%,
101 sec 1.23 3.74 present

3 5.56%,
101 sec  9.28 2.87 present

4 0%, 
>15sec 9.01 5.13 Absent

As shown in Table 3, peak response time, settling time and rise time 
of genetic algorithm method are better than the Zeigler-Nichols 
First and Closed Loop tuning methods. And sag is not present in 
genetic algorithm method which is present in all above method.

VI. Conclusion
The designed PID with GA has much faster response than response 
of the classical method. The classical method is good for giving 
us as the starting point of what are the PID values. However the 
GA designed PID is much better in terms of the rise time and the 
settling time than the conventional method. In case of genetic 
algorithm method, the sag is absent and in all other methods sag 
is present. Finally the genetic algorithm provides much better 
results compared to the conventional methods.
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