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Abstract: For electrical drives good dynamic performance is mandatory so as to respond to the changes in command speed 
and torques, so various speed control techniques are being used for real time applications. The speed of a DC motor can be 
controlled using various controllers like PID Controller, Fuzzy Logic Controller, Ant Colony Algorithm (ACA) and Hybrid 
Fuzzy-ACA Controller. Fuzzy-ACA Controller is recently getting increasing emphasis in process control applications. The 
paper describes application of Hybrid Fuzzy-ACA Controller in an enhancement of stability and accuracy of the SEDC 
Motor under the effect of the external disturbances and noise that is implemented in MATLAB/SIMULINK. The simulation 
study indicates the superiority Hybrid Fuzzy-ACA Controller over the Ant Colony Algorithm (ACA) and fuzzy logic 
controller separately. This control seems to have a lot of promise in the applications of power electronics. The speed of the 
SEDC motor can be adjusted to a great extent so as to provide easy control and high performance. There are several 
conventional and numeric types of controllers intended for controlling the SEDC motor speed and executing various tasks: 
PID Controller, Fuzzy Logic Controller; or the combination between them: Fuzzy-Swarm, Fuzzy-Neural Networks, Fuzzy-
Genetic Algorithm, Fuzzy-Ants Colony, Fuzzy-Particle Swarm Optimization. We describe in this paper the use of Ant 
Colony Algorithm (ACA) for designing an optimal fuzzy logic controller of a SEDC Motor. In this case, our approach will 
optimize the membership functions of a fuzzy logic controller (FLC) using ACA and the obtained results were simulated on 
Matlab environment. Excellent flexibility and adaptability as well as high precision and good robustness are obtained by the 
proposed strategy.  
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I. INTRODUCTION 

 
In spite of the development of power electronics 
resources, the direct current machine became more 
and more useful. Nowadays their uses isn’t limited in 
the car applications (electrics vehicle), in applications 
of weak power using battery system (motor of toy) or 
for the electric traction in the multi-machine systems 
too. The speed of SEDC motor can be adjusted to a 
great extent as to provide controllability easy and 
high performance [1,2].We describe in this paper an 
approach for designing a fuzzy logic controller of a 
SEDC Motor optimized with ACA. Nowadays, to 
obtain optimal controllers is a hard task and is 
complicated to choose the optimal parameters in the 
control system; therefore, in this case, we design an 
optimal fuzzy logic controller using an optimization 
method, in this case ACA. In the last few years, a 
large number of contributions based on techniques 
such as neural networks and genetic algorithms have 
been proposed to solve this problem. Recently, the 
design of FLC has also been tackled with ACO 
algorithm and has been successfully applied into the 
electrical engineering [3]. 
The ACO optimization algorithm is a new paradigm 
of bio-inspired algorithms that has shown a very good 
behavior when solved hard combinatorial 
optimization problems as the travelling salesman 
problem or the quadratic assignment problem (QAP). 
The main advantage of this technique is the global 
search guided by heuristic and memoristic 

information in a very efficient way that it applies. In 
control applications, the fitness is usually related to 
performance measures as integral error, setting time, 
etc. GA based FLC have been used in induction 
motor control system design successfully [4], 
Differently from most of previous works [5-9], the 
fuzzy rules are optimized by ACO, and the 
parameters of the FLC are tuned on-line successfully 
in this paper. At last the ACO based FLC has been 
applied to the control system of SEDC Motor for 
Enhancement of stability and accuracy of the SEDC 
Motor under the effect of the external disturbances 
and noise. The controller has improved the dynamic 
performance and the robustness of the SEDC Motor. 
The simulation results have demonstrated that the 
performance of the ACO based FLC is better than the 
ACA and Fuzzy logic controller separately. 
 
II. MODELING WITHOUT & UNDER THE 
           EFFECT OF THE LOAD 
 
The S.E.DC motor transfer function without load is 
shown in the block diagram in Fig.1. 
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Fig.1 Block diagram of S.E.DC motor without load (Td) 

 
The equations of The SEDC motor in terms of 
armature control based on Newton’s law combined 
with Kerchief’s law are as follows: 

   (1) 

(2) 
The motor torque equation is 

(3) 
Where 

 
At (Td=0) which without disturbance torque 
(External Disturbance and Noise), . Where TL 
is the load torque, Td is the disturbance torque &Tm 
is The motor torque. Using the Laplace transform for 
equations (1), (2) and (3) assuming initial conditions 
equal zero can be written as 

 

 

 

S.E.DC motor transfer function of armature control 
from the Applied armature voltage (input voltage) 
Va(s) 

 

 (10) 
S.E.DC motor transfer function with load Td(s) is 
shown in the block diagram in Fig.2 [10-11]. 
 

 
Fig. 2 Block diagram of S.E.DC motor with load (Td) 

 
III. FUZZY LOGIC CONTROLLER 
 
The concept of fuzzy logic was developed by Lotfi 
Zadeh in 1964 to address uncertainty and imprecision 
which widely exist in engineering problems. Fuzzy 
modeling is the method of describing the 
characteristics of a system using fuzzy inference 
rules. The method has a distinguishing feature in that 
it can express linguistically complex nonlinear 
systems. It is however, very hard to identify the rules 
and tune the membership functions of the fuzzy 
reasoning. Fuzzy controllers are normally built with 
the use of fuzzy rules. These fuzzy rules are obtained 
either from domain experts or by observing the 
people who are currently doing the control. The 
membership functions for the fuzzy sets will be 
derived from the information available from the 
domain experts and/or observed control actions. The 
building of such rules and membership functions 
require tuning. That is, performance of the controller 
must be measured and the membership functions and 
rules adjusted based upon the performance. This 
process will be time consuming. The basic 
configuration of Fuzzy Logic Controller (FLC) 
consists of four main parts (i) Fuzzification where 
values of input variables are measured and a scale 
mapping that transforms the range of values of input 
variables into corresponding universe of discourse is 
performed then performs the function of fuzzification 
that converts input into suitable linguistic values, 
which may be, viewed labels of fuzzy sets. (ii) 
Knowledge Base consists of data base and linguistic 
control rule base. The database provides necessary 
definitions, which are used to define linguistic control 
rules and fuzzy data, manipulation in an FLC. The 
rule base characterizes the control goals and control 
policy of the domain experts by means of set of 
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linguistic control rules. (iii) The Decision Making 
Logic, it has the capability of simulating human 
decision making based on fuzzy concepts and of 
inferring fuzzy control actions employing fuzzy 
implication and the rules of inference in fuzzy logic. 
(iv) The Defuzzification a scale mapping which 
converts the range of values of input variables into 
corresponding universe of discourse [12-16]. In view 
to make the controller insensitive to system 
parameters change, fuzzy logic theory is also 
implemented by researchers extensively. Indulkar et. 
Al [17] initially designed a controller using fuzzy 
logic for automatic generation control and responses 
were compared with classical integral controller. 
Chang et. al. [18] presented a new approach to study 
the LFC problem using fuzzy gain scheduling of 
proportional integral controllers and proposed scheme 
has been designed for a four area interconnected 
power system with control deadbands and generation 
rate constraints. Ha [19] applied the robust sliding 
mode technique to LFC problem where, control 
signal consists of an equivalent control, a switching 
control and fuzzy control with generation rate 
constraints and governor’s backlash on the other hand 
the fuzzy controller designed by Chown et. al [20] 
when implemented not only grid was controlled 
better but also more economically. Talaq et. al [21] in 
their research proposed an adaptive controller which 
requires less training patterns as compared with a 
neural net based adaptive scheme and performance 
was observed better than fixed gain controller. Ha et. 
al [22] proposed an approach which combines the 
salient features of both variable structure and fuzzy 
systems to achieve high performance and robustness. 
Fuzzy logic controller, designed by El-Sherbiny [23], 
is a two layered fuzzy controller with less overshoot 
and small settling time as compared with 
conventional one. Ghoshal [24] presented a self 
adjusting, fast acting fuzzy gain scheduling scheme 
for conventional integral gain automatic generation 
controller for a radial and ring connected three equal 
power system areas. Yensil et. Al [25] proposed a self 
tuning fuzzy PID type controller for LFC problem 
and satisfactory results are found when compared 
with fuzzy PID type controller without self tuning. 
 
IV. ANT COLONY ALGORITHM 

 
Ant Colony Algorithm is inspired by the real ant 
colony’s behaviour. It’s a new imitate biologic 
algorithm and has been generated for more than ten 
years which is the observational result from the 
nature. 
In the animate nature ants have the ability to find out 
the food from the nest in the shortest path without 
any visible reminder. The core of ant colony 
algorithm is to dispose the pheromone leaving by ants 
and to find the optimal path, ants release the kind of 
pheromone in the path and make other ants perceive 
it in a certain range even influence their behavior. 

The more ants pass the path, the more pheromone 
will accumulate, so the subsequent ants have more 
probability to select those paths, which have more 
pheromone, then it’s a positive feedback. Ant 
algorithm has been successfully used to solve many 
NP problems, such as TSP, assignment problem, job-
shop scheduling and graph coloring. But it often 
brings two problems; one is the search easier runs 
into the local optimum when solving the problem, i.e. 
all individual find a complete accordance solution 
after the search proceed to determinate degree. That 
is deadlock occurs and further search can’t carry on 
in solution space. It is possible result in global 
optimum solution can’t be found. The other is it need 
long time to converge at the global optimum. Solving 
result oscillates between local optimum solution and 
global optimum solution [26].  A way ants exploit 
pheromone to find a shortest path between two points 
is shown in Fig. 3. 

 
Fig. 3 How real ants find a shortest path 

 
V. HYBRID FUZZY ACA CONTROLLER 

 
The methodology of this paper involved the 
Development of a Ant Colony Algorithm (ACA) to 
optimize the parameters of membership functions of a 
fuzzy logic controller that uses for the enhancement 
of stability and accuracy of the SEDC Motor under 
the effect of the external disturbances and noise. This 
is possible evaluating the ranges of membership 
functions within the fuzzy logic controller. After 
getting the optimal parameter the full model was 
implemented in Matlab environment where the ACA 
will create the optimal topologies to achieve a 
possible solution to this problem, This paper applies 
the ACO based fuzzy controller to the SEDC Motor. 
The fuzzy rules are optimized off line, while the 
parameters of the fuzzy controller are tuned on line. 
By comparison with the Fuzzy logic controller and 
the ACA separately, the hybrid Fuzzy-ACA 
controller, it is not only more robust, but can also 
achieve a better static and dynamic performance of 
the system.  
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VI. DESIGN REQUIREMENTS FOR THE 
            SYSTEM 
 
The most basic requirement of S.E.DC motor is that it 
should be rotated at the desired speed without and 
under the effect of loads (external disturbances and 
noise) and intelligent controller is used for reducing 
the sensitivity of actual response as to load variations 
(external disturbances and noise), where the actual 
response variations that have been induced by such 
external disturbances and noise must be minimized 
rapidly. The steady-state error of the S.E.DC motor 
speed should be minimized. The other performance 
requirement is that motor must accelerate to its 
steadystate speed as soon as it turns on, The SEDC 
motor is driven by applied voltage. The reference 
input (applied voltage) (V) is simulated by unit step 
input, then an actual response of S.E.DC motor 
should have the design requirements for the system as 
follows 
 
(i) Minimize the maximum overshoot 
(ii) Minimize the rise time 
(iii) Minimize speed tracking error 
(iv) Minimize the steady state error 
(v) Minimize the settling time 
(vi) The system is controllable and observable 
(vii)All roots of characteristic equation are lying in 
the left half of s-plane. 
(viii) Damping ratio (ζ) is between (0.4 & 0.86). 
 
The speed of a SEDC motor could be varied from 
zero to rated speed mainly by varying armature 
voltage in the constant torque region. Whereas in the 
constant power region, field flux should be reduced to 
achieve speed above the rated speed. The motor 
drives a mechanical load characterized by inertia J, 
Viscous friction coefficient B, and load torque TL. 
The specifications of the SEDC motor are given in 
table 1. 

 
Table 1. The specifications of the SEDC motor 

 
VII. SIMULATION RESULTS 
 
Fig.4 shows The structure of the fuzzy controller with 
ACA algorithms and Figs. 5-7 show results of 
simulation (Matlab environment) of a Enhancement 
of stability and accuracy of the SEDC Motor without 
and under the effect of the external disturbances and 
noise by intelligent controller (Fuzzy logic controller, 

Ant Colony algorithm (ACA), FLC+ACA ). The 
actual response of FLC+ACA Controller comparing 
with the actual response of FLC, and PSO algorithms 
is shown in Fig. 6. Table 2 lists the Comparison of 
the performances of Fuzzy, ACA and hybrid Fuzzy-
ACA controllers, to show the effectiveness of the 
proposed approach. 

 
Fig. 4 the structure of the Fuzzy controller with ACA 

 
CONCLUSION 
 
This paper applies the ACO based fuzzy controller to 
the SEDC Motor. The fuzzy rules are optimized off 
line, while the parameters of the fuzzy controller are 
tuned on line. By a comparison the Hybrid Fuzzy-
ACA Controller, ACA and Fuzzy logic controller, the 
Hybrid Fuzzy-ACA Controller is not only more 
robust, but can also achieve a better static and 
dynamic performance of the system. The output 
response confirms the suitability of the proposed 
methodology as a high-performance control system 
for the SEDC Motor.. By using Hybrid Fuzzy-ACA 
Controller for enhancement of stability and accuracy 
of the SEDC Motor under the effect of the external 
disturbances and noise, . The speed response for 
constant load torque shows the ability of the drive to 
instantaneously reject the perturbation. The design of 
controller is highly simplified by using a cascade 
structure for independent control of flux and torque. 
Excellent results added to the simplicity of the drive 
system, makes the Hybrid Fuzzy-ACA Controller 
based control strategy suitable for a vast number of 
industrial, paper mills etc. The sharpness of the speed 
output with minimum overshoot defines the precision 
of the proposed drive. Hence the simulation study 
indicates the superiority of Hybrid Fuzzy-ACA 
Controller over the Ant Colony Algorithm (ACA) 
and Fuzzy logic controller separately. . This control 
seems to have a lot of promise in the applications of 
power electronics. After having applied the proposed 
FLC-ACA method we can conclude in this paper, that 
the use of optimized Fuzzy Logic Controllers is 
possible to achieve very good results. In particular 
with this application we are demonstrating 
statistically that there is significant difference when 
the controllers are developed manually or 
automatically. Therefore, with the results presented in 
the paper we can recommend the use of optimization 
methods to find some important parameters, in this 
case, ACA was only used to design the optimal 
topology of the membership functions. 
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Fig 5 Step response of the system with external load at time 

3sec and without adding controller. 
 

 
Fig.6 Simulation Results of the comparison among the 

Fuzzy,ACA and Hybrid Fuzzy-ACA Controller. 
 

 
Fig. 7 the behavior of Ant Colony Algorithm (ACA) 

 
Table 2 Comparison of Fuzzy, ACA and hybrid Fuzzy-ACA 

controller. 
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