
Uso de PSO Modificado para Controle  

Dinâmico de Motor CC 

Code: 22.005 

Geraldo Neves de A. Maranhão, Caio Soares Modesto 

Universidade Federal do Amapá, Macapá, AP 68.903-419 BR  

16/11/2017 1 



In order to expand knowledge about control methods, this article intends to 

use a modification of the PSO (MPSO) algorithm so that this technique 

can be used for dynamic control of a DC Motor. 

It can be said that the objectives are mainly the demonstration of the 

MPSO technique behavior applied in the proposed system. Among 

secondary objectives it is observed the reinforcement of the use of 

optimization technics in control applications, the proposing of alterations in 

the algorithm od PSO to better adapt to practical use and the observation 

of the parameter change relation over the simulation results.  

Objectives 
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There are a solid knowledge about the optimization technics, among them 

stands out the PSO due to its low need of computing efforts, high 

convergence capacity and simple algorithm. 

For the use of the PSO in dynamic control of a system it is necessary to 

correctly adapt it, in order to get the best behavior of the technic. 

It was parameterized and conditioned to operate a plant with second order 

system characteristics, in the real case it can be used in a DC motor. 

The proposed application is simulated in MATLAB software, using the 

dynamic behavior of a second order system controlled by a proportional 

controller that is dynamic modified by the MPSO algorithm. 

Introduction 
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The PSO algorithm is a social behavior based optimization technic that 

simulate the movement of a swarm searching for food. The algorithm 

translates this idea by moving particles into a search space.  

Each particle has a position 𝑥𝑛 and a velocity 𝑣𝑛 vector that changes its 

values in the n-space, each position has a evaluation (fitness) in the 

function to be optimized, the algorithm search for the position the 

correspond to the best fitness. 
    

   𝑥𝑛
𝑖+1 =  𝑥𝑛

𝑖 +  𝑣𝑛
𝑖+1       

     

 𝑣𝑛
𝑖+1 =  𝑣𝑛

𝑖 + (𝐶 ∗ 𝑟𝑎𝑛𝑑 ∗ 𝑝𝑏𝑒𝑠𝑡𝑛
𝑖 − 𝑥𝑛

𝑖 + (𝑆 ∗ 𝑟𝑎𝑛𝑑 ∗ (𝐺𝑏𝑒𝑠𝑡𝑖 −  𝑥𝑛
𝑖))  

Theoretical Foundations 
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The behavior of a DC motor is described by a second order system, in this 

way it is used in the simulation process according the basic transfer 

function of this system. 
𝜔𝑛

2

𝑠2 + 2𝛿𝜔𝑛𝑠 + 𝜔𝑛
2 

 

This transfer function shows the basics parameters of the system that 

changes the response characteristics. 

Where 𝛿 is the damping ratio and 𝜔𝑛 is the undamped natural frequency. 

The methodology used to accomplish the proposed is to use as fitness 

function, of the PSO particles, the function of a proportional controler 

applied in a second order sistem. 

Theoretical Foundations 
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The particles positions are related to the value of the proportional gain and 

the fitness is the value of the diference  between the system response and 

the desired response, in this way the PSO will search for the best 

proportional gain to the sistem, in order to minimize that diference. 

 

 

 

 

 

    
                                                            Simplified block diagram 

Where  𝜔𝑛 =  
𝐾

𝐽
 , and  𝛿 =

𝐵

2 𝐽𝐾
 

Methodology 
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The focus of the development of optimization techniques is more oriented 

to computational optimization, so that its necessary to adapt the code to its 

full use. 

As it is a non-iterative algorithm, it is not reasonable to apply iterative 

constraint techniques of the inertia constants, in order to obtain its best 

value for the application, so that there are no problems of convergence 

and a greater contribution of the cognitive factors it is known that the ideal 

value of ‘𝑤‘ is between 0.9 and 0.4, these values can be parameterized 

according to the performance expected by the system, and in this way, 

together with the use of the constriction factor, both the convergence of the 

particles as the influence on the desired velocity. 

It is also used a technique based in the standard deviation of the particles 

to prevent the particles dispersion.  

Methodology 
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Considering that for a response to the step sign the influence of a 

proportional gain (Kp) can change the oscillation and damping, and in this 

case it will always modify the response in steady state of the system, to 

better present the performance of the algorithm was adopted the use of 

second order system undermined, since this characteristic is the one 

closest to the dynamics of a DC motor. 

Is important to mention that the simulation is made by checking the fitness 

of the particles every 0,1 seconds, but not assuming the inicial condicion 

of the simulation per iteration, it means that in the real case the response 

shall have less oscillation. 

The answer will be presented for three distinct characteristics of the 

system, in order to show the behavior of the algorithm in the response 

variation. 

Experimental results 
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First configuration:  
𝜔𝑛 = 3, 
𝛿 = 0,5;  
Nº of particles = 4,  
𝑤 = 0.9; 

 

Experimental results 
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Second configuration:  
𝜔𝑛 = 5, 
𝛿 = 0,8;  
Nº of particles = 5,  
𝑤 = 0.8; 

 

Experimental results 
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Second configuration:  
𝜔𝑛 = 2, 
𝛿 = 0,3;  
Nº of particles = 6,  
𝑤 = 0.8; 

 

 

Experimental results 
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Steady state 
Since the system response presented the speed of a DC motor and the 

response value 1 represents the steady-state response of a system 

without controller, then the algorithm effectively sought response values as 

expected, since the value in steady state of a system with proportional 

controller is Kp / 1 + Kp, this value is as close to 1 as higher is the 

values of Kp.  

Thus, in order to avoid unstable raising of the particle value, it is 

determined that the particles respond to reach the value of 0.9 of 

amplitude, thus resulting in a steady state error of 10%. Thus the steady 

state error is a result of the necessaire restriction of the particles value. 

The nature of the dynamic control in this system ensures that there is 

convergence in steady state. 

 

Experimental results 
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Transient 
The transient response was shown to be more damped than the natural 

response of the non-controller system. However, if the transient behavior 

of a proportional controller system is observed, there is an associated 

overrun in the case where the damping factor is less than 1 (undermined 

system), and considering that the method mitigates this overestimation in 

the proportion in which the value of the desired response is closer to 1, 

then an advantage was obtained with the method. 

However the behavior of the particles can severely affect the transient 

response, if the particles were started in a very broad search space or 

present divergence.  

A possible solution to the steady state error problem is the use of an 

integral gain. 

Experimental results 
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Need of using the PSO as a dynamic control method, not only as a 

methodology of optimization of controlers or identification of parameters to 

the control of othes control methods. 

Discussion 
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it is observed that the PSO, adopting certain modifications and 

parameterization, can be used for dynamic control and maybe it can be 

used for other plants and studies, as already is being observed in other 

works with this method. 

The introduction of control techniques for systems of the most varied is 

important for the diversification of the study in control, both for the 

accomplishment of a comparative study in relation to other control 

methods, aiming to ascertain the most appropriate techniques for each 

case, as well as for the advance the use of innovations, which is what 

motivates new studies. 

 

Conclusions 
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