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Abstract: In this paper, an intelligent speed controller for DC motor is designed by combination of the 
fuzzy logic and Particle Swarm Optimization “PSO” algorithms. First, the speed controller is designed 
according to fuzzy rules such that the DC drive is fundamentally robust. Then, to improve the DC drive 
performance, parameters of the fuzzy speed controller are optimized by using the PSO algorithm. 
Simulation works in MATLAB environment demonstrate that the PSO optimized fuzzy speed 
controller became very strong, gives very good results and possesses good robustness. 
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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 DC motor can be adjusted to a great extent as to provide controllability easy and high 
performance (Hénao H., Capolino, G.A., 2002; Raghavan S., 2005). The controllers of the speed that are 
conceived for goal to control the speed of DC motor to execute one variety of tasks, is of several conventional 
and numeric controller types, the controllers can be: PID Controller, Fuzzy Logic Controller; or the combination 
between them Fuzzy-Genetic Algorithm, Fuzzy-Neural Networks, Fuzzy-Ants Colony, Fuzzy-Swarm (Swarm).  
 Fuzzy theory was first proposed and investigated by (Prof. Zadeh, 1965). The Mamdani fuzzy inference 
system was presented to control a steam engine and boiler combination by linguistic rules (Yen, J., Langari, R., 
1999, Zhixiong Liu, 2007). Fuzzy logic is expressed by means of if-then rules with the human language. In the 
design of a fuzzy logic controller, the mathematical model is not necessary. Thus, the fuzzy logic controller 
owns good robustness. Fuzzy controller has been widely used in industry for its easy realization. However, the 
rules and the membership functions of a fuzzy logic controller are constructed by expert experience or 
knowledge database.  
 Much work has been done on the analysis of fuzzy control rules and membership function parameters (Yen, 
J., Langari, R., 1999).  
 
Model of DC Motor:  
 DC machines are characterized by their versatility. By means of various combinations of shunt-, series-, and 
separately-excited field windings they can be designed to display a wide variety of volt-ampere or speed-torque 
characteristics for both dynamic and steady-state operation. Because of the ease with which they can be 
controlled systems of DC machines have been frequently used in many applications requiring a wide range of 
motor speeds and a precise output motor control (Halila, A., 2001, Capolino, G.A., et al., 2001).  
 In this paper, the separated excitation DC motor model is chosen according to his good electrical and 
mechanical performances more than other DC motor models. The DC motor is driven by applied voltage. Fig.1 
show the equivalent circuit of DC motor with separate excitation. The Symbols, Designations and Units are 
publicized in Table 1.  
 The characteristic equations of the DC motor are represented as: 

 

                                                    (1) 
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                (2) 

                (3) 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Equivalent circuit of DC motor with Separate Excitation. 
 

Table1: Symbols, Designations and Units. 
Symbols  Designations Units  
iexandiend  Excitation current and Induced current.  [A]  
wr  Rotational speed of the DC Motor.  [Rad/Sec]  
Vexand Vind  Excitation voltage and Induced voltage  [Volt]  
Rexand Rind  Excitation Resistance and Induced Resistance. [Ω]  
Lex,Lindand  
Lindex  

Excitation Inductance Induced Inductance and Mutual 
Inductance.  

[mH]  

J  Moment of Inertia.  [Kg.m2]  
Cr  Couple resisting.  [N.m]  
fc  Coefficient of Friction.  [N.m.Sec/Rad]  

 
 From the state equations (1), (2), (3) previous, can construct the model with the environment MATLAB. 
The model of the DC motor in Simulink is shown in Fig. 2. The various parameters of the DC motor are shown 
in Table 2. 

 

 
Fig. 2: Model of the DC Motor in Simulink. 
 
Table 2: Parameters of the DC Motor. 

Vex=240[V]  Lind=0.012[mH]  
Vind=240[V]  Lindex=1.8[mH]  
Rex=240[Ω]  J=1[Kg.m2]  
Rind=0.6[Ω]  Cr=29.2[N.m]  
Lex=120[mH] fc=0.0005[N.m.Sec/Rad]  

 
 Into the expressions for N and P. Rather than continuing with algebra here, we will simply represent these 
equations in Simulink.  
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 Simulink can work directly with nonlinear equations, 
 

Fuzzy Logic Controller:  
 Fuzzy logic is expressed by means of the human language (Foran J., 2002). Based on fuzzy logic, a fuzzy 
controller converts a linguistic control strategy into an automatic control strategy, and fuzzy rules are 
constructed by expert experience or knowledge database.  
 First, set the error e(t) and the error variation de(t) of the angular velocity to be the input variables of the 
fuzzy logic controller. The control voltage u(t) is the output variable of the fuzzy logic controller.  
 The linguistic variables are defined as {NB, NS, Z, PS, PB}, where NB means negative big, NS means 
negative small, Z means zero, PS means positive small and PB means positive big. The membership functions 
of the fuzzy logic controller are shown in Fig. 3. The fuzzy rules are summarized in Table 3. The type of fuzzy 
inference engine is Mamdani. The fuzzy inference mechanism in this study follows as: 
 
Table 3: Fuzzy inference rules 

 
 

 
NB NS Z  PS  PB 

 

 

NB NB NB NS NS Z  
NS NB NS NS Z  PS  
Z  NS NS Z  PS  PS  

PS  NS Z  PS  PS  PB 
PB Z  PS  PS  PB PB  

 

 
 

Fig. 3a: Membership functions for (e) normalized input before apply the PSO. 
 

 
 
Fig. 3B: Membership functions for (u) normalized output before apply the PSO. 
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Fig. 4: Membership functions for (de) normalized input before apply the PSO. 

 

                          (4) 
 

 Where  is the membership function of e(t),  is the membership function of de(t) , 

is the membership function of u(t) , j is an index of every membership function of fuzzy set, m is the 
number of rules and is the inference result. Fuzzy output u(t) can be calculated by the center of gravity 
defuzzification as: 

 

                      (5) 
 
 Where is the output rule after inferring  
 
Particle Swarm Optimization Algorithm: 
 Particle swarm optimization, first developed by Kennedy and Eberhart (J. Kennedy and R. Eberhart, 1995) 
is one of the modern heuristic algorithms. It was inspired by the social behavior of bird and fish schooling and 
has been found to be robust in solving continuous nonlinear optimization problems.  
 This algorithm is based on the following scenario: a group of birds are randomly searching food in an area 
and there is only one piece of food. All birds are unaware where the food is, but they do know how far the food 
is at each time instant. The best and most effective strategy to find the food would be to follow the bird which is 
nearest to the food. Based on such scenario, the PSO algorithm is used to solve the optimization problem. 
 In PSO, each single solution is a “bird” in the search space; this is referred to as a “particle”. The swarm is 
modeled as particles in a multidimensional space, which have positions and velocities. These particles have two 
essential capabilities: their memory of their own best position and knowledge of the global best. Members of a 
swarm communicate good positions to each other and adjust their own position and velocity based on good 
positions according to (8).  
 

                               (6) 

 
 
 Where  

 Velocity of particle i and dimension j  

 Position of particle i and dimension j  

 Acceleration constants  

  Inertia weight factor  

 Random numbers between 0 and 1 

 Best position of a specific particle  
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 Best particle of the group. 
 

 
 
Fig. 6: the evolution procedure of PSO. 
 
1. Initialize a group of particles including the random positions, velocities and accelerations of particles.  
2. Evaluate the fitness of each particle.  
3. Compare the individual fitness of each particle to its previous pbest. If the fitness is better, update the fitness 
as pbest.  
4. Compare the individual fitness of each particle to its previous gbest. If the fitness is better, update the fitness 
as gbest.  
5. Update velocity and position of each particle according to (6).  
6. Go back to step 2 of the process and keep repeating until some stopping condition is met.  
 Although PSO has been relatively recently developed, there already exist several applications based on the 
PSO algorithm. One application of PSO algorithms is the optimized particle filter. A particle filter aims to 
estimate a sequence of hidden parameters based only on the observed data. This can help for example in 
removing noise and by this improving the measured data. The PSO can be merged into the particle filter for 
optimization.  
 The basic particle filter is suboptimal in the sampling step, by applying PSO to particle filter, particle 
impoverishment problem is avoided and estimation accuracy is improved.  
The PSO algorithms can also be applied in the job shop scheduling (Zhixiong Liu, 2007). Job shop scheduling is 
an optimization problem in which ideal jobs are assigned to resources at particular times. In this problem, 
several jobs of varying size are given, which need to be scheduled on different identical machines, while trying 
to minimize the total length of the schedule. By converting the job shop scheduling problem to PSO we can 
search the optimal solution for job shop scheduling. Through using PSO for the job shop problem we can find a 
scheduling solution at least as good as the best known solution.  
 
Optimal Fuzzy Controller Design: 
To design the optimal fuzzy controller, the PSO algorithms are applied to search the globally optimal parameters 
of the fuzzy logic. The structure of the fuzzy logic controller with PSO algorithms is shown in Fig. 7. 
 In this paper, the birds of the PSO algorithms include three parts: the range of the membership functions 
(Ke and Kde), the shape of the membership functions (e1~e5, de1~de5 and u1~u5) It makes the output voltage 
to be optimal such that the steady-state error of the response is zero. 
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Fig. 7: FLC with PSO structure. 
 

 
 
Fig. 8: Membership functions for (de) normalized input After apply the PSO. 
 

 
 
Fig. 9: Membership functions for (u) normalized output After apply the PSO. 
 

 
 

Fig. 10: Membership functions for (e) normalized input After apply the PSO. 
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Fig. 11: Function evaluation. 
 

 
 
Fig. 12: The speed response of FLC without PSO. 
 

 
 
Fig. 13: The speed response of FLC with PSO. 
 
Conclusion: 
 In this paper, the speed of a DC Motor drive is controlled by means of two different fuzzy controllers. The 
optimal fuzzy logic is designed using PSO algorithms. According to the results of the computer simulation, the 
FLC with PSOs is better than the traditional FLC without PSOs. The FLC with PSOs is the best controller 
which presented satisfactory performances and possesses good robustness (no overshoot, minimal rise time, 
Steady state error = 0). That we chose with the use of the PSO algorithm for the optimization of this controller 
in order to control DC motor speed. Finally, the proposed controller provides drive improvement. 
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