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Abstract- the aim of this paper is to design the position control of a DC motor by self-tuning fuzzy PID controller. Parameters 
of rule base in fuzzy inference are optimized by the ant colony optimization to find minimum settling time of step response of 
the position control of a DC motor. Moreover, this result of proposed method compares with two kinds of tuning methods of 
parameter for PID controller as the Ziegler and Nichols method and adjustment by genetic algorithm. Finally, it was found that 
the proposed method is better than PID parameters adjustment by the Ziegler & Nichols’ method and the genetic algorithm in 
settling time. 
 
Index Terms- DC motor, Ant colony optimization, Genetic algorithm, self-tuning fuzzy PID controller, Ziegler Nichols 
Method 
 
I. INTRODUCTION 
 
The DC motor's speed can be controlled over a wide 
range, by using either a variable supply voltage or by 
changing the strength of current in its field windings 
[1]. Proportional-Integral Derivative (PID) controllers 
have been widely used for speed and position control 
of DC motor [2].The PID controller has the 
advantages of simple structure, clear functionality and 
easy implementation, so it has been commonly applied 
in industrial control fields. The designing for PID 
controller for DC Motor is simple using Ziegler and 
Nichols method [3].Genetic Algorithm is a stochastic 
algorithm based on principles of natural selection and 
genetics [4]. Using genetic algorithms to perform the 
tuning of the controller will give the result in the 
optimum controller being evaluated for the system 
every time [5]. Moreover, the fuzzy inference rules 
which enable adaptive adjustment of PID parameters 
are established based on the error and change in error 
[6]. The fuzzy inference rule can be established based 
ontherelationshipsbetweenthePIDparametersandrespo
nsecharacteristicsof position control in DC motor. 
 
Ant Colony Optimization (ACO) [7] is the best 
instance of how studies the behavior of ants can 
provide inspiration for the development of 
computational algorithms for optimization problems. 
It can successfully apply in field of combinatorial 
optimization. Then, it can be implemented to optimize 
into rule base of fuzzy inference. 
 
From above mention, self-tuning fuzzy PID controller 
with ACOis still not developed. Rule base of fuzzy 
inference in this paper will be optimized by ACO to 
find minimum of settling time of step time response. 
 
The following section II formulates the system model 
of a DC motor. The focus of section III is on 
conventional PIDController, it’s tuning by Ziegler  

 
Nichols Method and how it can be applied to DC 
motors. A brief review of ant colony optimization is 
brought up in section IV. Parameters of self-tuning 
fuzzy PID controller are optimized by the ant colony 
optimization and its implementation is described in the 
system in section V. Finally, simulation results of the 
corresponding system are obtained and compared in 
section VI. 
 
II. SYSTEM MODEL 
 
DC shunt motors have the field coil in shunt with the 
armature. The current in the field coil and the 
armature are independent of one another. As a result, 
these motors have excellent speed and position 
control. Hence DC shunt motors are typically used 
for applications required more horse power. The 
equations describing the dynamic behavior of the DC 
motor are formulated by the following equations: 

 
			푣 = 푅푖 + 퐿 + 푒   (1) 
			푇 = 퐾 푖(푡)          (2) 
			푇 = 퐽 ∅( ) + 퐵 ∅( )         (3) 

			푒푏 = 퐾 (푡) = 퐾 ∅( )       (4) 
 

The ratio of ( ∅ ) we will get the transfer function as 
below, 
   
∅푠

푉푎(푠) =
퐾푏

(JLa)푠 + (Ra	J + B	La)푠 + (Kb + RaB)푠 

(5) 
 
Where, Ra is Armature resistance in ohm,La is 
Armature inductance in henry ,Ia  is  Armaturecurrent 
in ampere ,Va  is  Armature voltage in volts ,eb  is  
Back emf voltage in volts, Kb is back emf constant in 
volt/(rad/sec), Kt is torque constant in 
N-m/Ampere,Tm is torque settled by the motor in 
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N-m, θ(t) is angular displacement of shaft in radians, J  
is  moment of inertia of motor and load in Kg-m2/rad, 
B is frictional constant of motor and load in 
N-m/(rad/sec) 
The DC motor under study has the following 
specifications and parameters. 

  
- Specifications 

 
2hp, 230 volts, 8.5 amperes, 1500rpm 

- Parameters: 
 
Ra =2.45 ohm 
La= 0.035H 
Kb=1.2volt/ (rad/sec) 
J=0.022Kg-m2/rad 
B=0.5*10-3N-m/ (rad/sec) 
 

The overall transfer function of the system is given as 
follows.           

∅푠
푣푎(푠) =

1.2
0.00077푠 + 0.0539푠^21.44푠 

 
The controller should be applied in order to control 
output with negative feedback. Then, result of step 
response will be acquired to measure performance of 
controller.  
 
From step response, we can analyze the following 
parameters: 

 
• Rise time, tr 
• Maximum Overshoot, Mp 
• Settling time, ts 
 

The rise time, tr is the time taken to reach 10 to 90 % 
of the final value is about 0.2 sec. The Maximum 
Overshoot, of the system is approximately 1.01. 
Finally the Setting time, tsis about 0.25sec. From the 
analysis above, the system has not been tuned to its 
optimum. So in order to achieve the following 
parameters we have to go for genetic algorithm 
approach. Our system requirements are given below, 
 
III. TUNING PID USING ZIEGLER AND 
NICHOLS METHOD AND GENETIC 
ALGORITHM 

 
A. Ziegler and Nichols Method 
The method is straightforward. First, set the controller 
to P mode only. Next, 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 steps required for the method are 
given below. We have to set the integral and derivative 
coefficients are zero. Gradually increase the 
proportional coefficient from 0 to until the system just 
begins to oscillate continuously.The proportional 
coefficient at this point is called the ultimate gain Ku. 
And the period of oscillation at this point is called 
ultimate period Pu. The Ku=gain margin of the system 
and the Pu is (2*pi)/wcg.  
 
The wcg is the gain cross over frequency. Gain margin 
is the reverse of amplitude ratio. The control law 
settings are then obtained from the following table 1 
and also the wcg, PID gain values after simulation is 
given below table 1. 
 

Table 1 Control law settings 

 
 
B. Implementation of GA based PID controller 
GA can be applied to the tuning of PID position 
controller gains to ensure optimal control 
performance atnominal operating conditions. The 
genetic algorithm parameters are chosen for the 
tuning purpose in Table 2 [5]. 

 
Table 2 Parameters of GA 

 
 
IV. ANT COLONY OPTIMIZATION 
 
ACO is probabilistic based metaheuristic that can find 
good paths through graphs [8]. Ant colony algorithms 
are closely associated with Marco Dorigo, who 
described the concept in his Ph.D. thesis in 1992. Ant 
colony optimization is an example of a swarm 
algorithm. It use artificial ants to search good solution 
for a given optimization problem.  
 
A number of artificial ants are given aset of simple 
rules that take inspiration from the behavior of real 
ants. Artificial ants are then left free to move on an 
appropriate graph representation of the considered 
problem: they probabilistically build a solution to the 
problem and then deposit on the graph some artificial 
pheromones that will bias the probabilistic solution 
construction activity of the future ants. The amount of 
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pheromone deposited and the way it is used to build 
solutions are such that the overall search process is 
biased towards the generation of approximate 
solutions of improving quality. To apply ACO, the 
optimization problem is transformed into the problem 
of finding the best path on designed graph. The 
artificial ants incrementally build solutions by moving 
on route of the graph. A set of parameters associated 
with graph components are modified at runtime 
following probability of accumulated pheromone. We 
can write flowchart of basic ACO algorithm in Fig. 2. 
 

Set iteration, t = 0 and initial parameters

Start

Construct ant solutions 
with state transition rule

CPU > CPU_limit

End

Global updating rule

Yes

No

Evaluate objective function
to find best solution 

t=t+1

 
Fig. 2 Flowchart of the ACO algorithm 

 
V. SELF-TUNING FUZZY PID CONTROLLER 
BY ACO 
 
Self-tuning fuzzy PID controller is developed to 
improve the performance of position control of dc 
motor. Fuzzy inference module includes two inputs 
and three outputs, where the input is error e and 
change in error ec, and the output is the gain 
parameters kp, ki and kd of the PID controller. The 
fuzzy in ference module can adaptively regulate PID 
parameters on-line based on the non-linear mapping 
relationship of inputs and outputs. The rule base of 
fuzzy inference will be optimized by ACO to get 
minimum value in settling time of step response. The 
block diagram of proposed approach can be shown in 
Fig. 2. 

 
Fig.2 block diagram of self-tuning fuzzy PID controller for 

position control of dc motor 
 

The inputs to the controller are the error and the rate of 
change of error (Δe) while the outputs are controller 
gain Kp, Ki, and Kd. The structure of self-fuzzy PID 
controller is a two input-three output structure. From 
there the range of the input as well as output 
membership functions have been found in Fig. 3. 

 

 
Fig. 3 two input three output FLC structure 

 
The membership functions of two inputs fuzzy sets are 
shown in Fig.3. It is confined in this work. The 
linguistic variable levels are assigned as: negative 
big(NB), negative medium (NM), negative small 
(NS), zero (Z), positive small (PS), positive medium 
(PM) and positive big (PB).Similarly, the fuzzy set for 
error change (Δe) is presented as NB, NM, NS, Z, PS, 
PM and PB. 
The ranges of these inputs are from -3 to 3. 

 
Fig. 4 Input fuzzy sets (a) error © (b) Change of error (Δe) 
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The membership functions of three output fuzzy sets 
are shown in Fig. 5. It is fixed in this work. The 
linguistic variable levels are assigned as: negative big 
(NB), negative medium (NM), negative small (NS), 
zero (Z), positive small (PS), positive medium (PM), 
and positive big (PB). Similarly, the fuzzy set for error 
change (Δe) is presented as NB, NM, NS, Z, PS, PM 
and PB.The ranges of these outputs are from -0.3 to 
0.3. 

 
NB NM Z PM PB

0

1

-0.3 0.3

NS PS

Kp

 
(a) 

NB NM Z PM PB

0

1

-0.3 0.3

NS PS

Ki

 
(b) 

NB NM Z PM PB

0

1

0.3

NS PS

Kd
 

© 
Fig.5 output fuzzy sets of(a) Kp (b) Ki (c) Kd 

 
The control rules for two-inputs and three-output 
fuzzy logic controller, is represented by 49 rows and 7 
columns matrix as shown in Fig.6.Therefore, there are 
147output parameters of rule base to be tunedas 
49+49+49 = 147. 

 

1 = and,  2 = or

Control Rules =

1
1
1

1
2

1 1

3
1
1

1
1...

7
7
7

7
6
5

..

. ..
....

...
1
1
1

1
1
1

Input 1
Input 2

Output1
Weight

Conective

...
...

Output2

Output3

 
Fig.6structure of control rules for self-fuzzy logic controller 

tuned by ACO 

The structure of control rules for self-fuzzy logic 
controller tuned by ACO will be shown in Fig. 6. 
 
VI. NUMERICAL RESULT  
 
The proposed approach is implemented using Pentium 
core 2 duos, 2.2 GHz processor, 2GB ram coding by 
the Matlab® programming language. The runs time is 
set as 400 sec.  
 
In the implementation of Ziegler & Nichols’ method 
and the genetic algorithm tuned PID controller is not 
getting the goodsettling time but the minimized values 
are givenby the implementation of self-fuzzy logic 
controller tuned by ACO. Comparative results are 
given Table 3. 

 
Table 3 Comparison of results 
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Step response of self-fuzzy logic controller tuned by 
ACO is shown in Fig. 7. It has settling time as 0.15 
sec. 
 

 
Fig. 7 step response of self-fuzzy logic controller tuned by ACO 

 
CONCLUSION 
 
This paper proposes designing a position control of a 
DC motor by self-tuning fuzzy PID parameters 
controller. Its parameters are optimized by the ant 
colony optimization with minimum setting time. This 
result of proposed method compares with two kinds 
of tuning methods of parameter for PID controller as 
the Ziegler and Nichols method and adjustment by 

GA. It was found that the proposed approach is better 
than PID parameters adjustment by the Ziegler & 
Nichols’ method and GA in settling time. 
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