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Abstract 
This paper presents the design of a particle swarm optimization (PSO) controller for the speed of a DC servo-motor. 

First, a proportional-derivative part icle  swarm optimization (PDPSO) based controller is designed, and then compared 

with Signal Constraint block of Simulink Response Optimization Toolbox instead of conventional methods . The DC 

servo motor is modeled and simulated using simulink /MATLB environmen t. The obtained results ensure the 

superiority of PDPSO-based controller. 
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1.INTRODUCTION 

Electric motors can be classified by their functions as 

servomotors, gear motors, and so forth, and by their 

electrical configurations as (direct current) DC and 

(alternating current) AC  motors. A further classification 

can be made as single phase and poly phone with 

synchronous and induction motors in terms of their 

operating principles for AC motors, and  permanent 

magnet (PM) and shunt DC motors for DC’s.  

Although DC motors are preferred dominantly in the 

variable speed applications, increasing use of AC motors 

can be seen prior to improvements in solid state 

components. Servomotor is a motor use for position or 

speed control in closed loop control systems. The 

requirement from a servomotor is to turn over a wide 

range of speeds and also to perform position and speed 

instructions given DC and AC servomotors applications 

are seen by considering their machine structure in 

general.(R.No 1)  

DC servo motors have been used generally at the 

computers, numeric control machines, industrial 

equipment, weapon industry, speed control of 

alternators, control mechanis m of fu ll automatic 

regulators as the first starter, optimal design of nonlinear 

profile for jumping robot.(R.No2) , automat ic solar 

tracker robot (R.No3), starting systems quickly and  

correctly. (R.No4). 

In the field of control o f mechanical linkages and 

robots, research works are mostly found on DC motors.  
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While some properties of DC servo motors are the 

same, like inertia, physical structure, shaft resonance and 

shaft characteristics, their electrical and physical 

constants are variable.  

The velocity and position tolerance of servo motors 

which are used at the control systems are nearly the 

same. So they must be controlled according to the 

control system needs. For this aim; it has implemented 

proportional–integral–derivative PID and fuzzy logic 

system respectively to the simulation model, which has 

prepared at the Simulink / Matlab software package for 

improvement the servo motor performance. (R.No4) 

Utilizing the sampling frequency affect the 

performance of a direct neural controller (DNC), which 

is applied to a DC motor speed control system is studied 

in . (R.No5).  A DNC of self-tuning strategy is proposed 

as a speed regulator to keep the motor in constant 

without the specified reference model.  

 Reference (R.No6)presents the design of a robust 

optimal control system for a DC servo motor. The design 

procedure is done via a linear convex combination of all 

controllers minimizing mixed H2 / H∞ norm of the 

closed loop transfer function under parametric 

uncertainties and some constraints.  

A neuro -fuzzy controller of the DC servo motor is 

designed in. (R.No7)The designed controller does not 

produce the overshoot such as PID controller, does not 

produce steady state error of fuzzy logic controller, and 

shortened about 10% of settling time.  

A fuzzy log ic controller applied for control the 

position of dc servo motor is presented in. (R.No8)The 

position of the angle location is limited at -π to π radian. 

The results of experiment on the real plant demonstrate 

that the proposed fuzzy logic controller is able to 

sensitivity to variation of the reference position 

attention.Comparing the time specification performance  

between conventional controller and fuzzy Logic controller in 
position control system of a DC motor is presented in. (R.No9). 

Two types of controller namely PID and fuzzy logic 

PID controller used to control the output 
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response.3.Methods of genetic algorithm (GA) and 

evolutionary programming (EP) are used in. (R.No10) to 

find the optimal PID control gain constants for the 

position of DC servo motor. Fuzzy logic control is added 

to fine tuning the gain constants.  

The experimental and simulation results are conducted 

using PC-based interface. A design of a fuzzy control 

system to control the position of a DC motor is presented 

in (R.No11)The motor was modeled and converted to a 

subsystem in Simulink. 

First, a crisp proportional-derivative (PD) controller 

was designed and tuned using a Simulink b lock instead 

of conventional tuning methods such as hand-tuning or 

Ziegler-Nichols frequency response method. Then a 

fuzzy proportional-derivative (FPD) controller was 

designed and system responses of FPDs with different 

defuzzificat ion methods were investigated. A 

disturbance signal was also applied to the input of the 

control system. FPD controller succeeded to reject the 

disturbance signal without further tuning of the 

parameters where by crisp PD controller failed. 

2. DC Servo Motor Mathematical Model:  

The velocity of the DC servo motor is controlled by 

changing the supply voltage. According to this theory 

subjects 2 voltage and moment equations: 

 

 
Fig.1. Armature current controlled DC servo motor 

equivalent circuit 

 

𝑉𝑎  𝑡 = 𝑅𝑎 . 𝑖𝑎  𝑡 + 𝐿𝑎
𝑑𝑖𝑎 (𝑡)

𝑑𝑡
+ 𝑘𝑏 . 𝑤(𝑡)                  (1) 

 

   𝑘𝑡 𝑖𝑎  𝑡 = 𝐽𝑚
𝑑𝑤  𝑡 

𝑑𝑡
+ 𝐵𝑚 . 𝑤 𝑡                                    (2) 

 Laplace transforms of (1) and (2) are: 

 
𝑉𝑎 𝑠 = 𝑅𝑎𝐼𝑎 𝑠 + 𝐿𝑎𝐼 𝑎   𝑠 .𝑠 +  𝑘𝑏. 𝑤 (𝑠)               (3) 

 
𝐾𝑡 . 𝐼𝑎   𝑆 = 𝐽𝑚 .𝑤 𝑠 .𝑠 + 𝐵𝑚. 𝑤(𝑠)                          (4) 

 
If current is obtained from (4) and substituted in (3) we 

have: 

 
      𝑉𝑎 =  𝜔(𝑠)

1

𝑘𝑏
[𝐿𝑎𝐽𝑚𝑠2 +  𝑅𝑎𝐽𝑚 + 𝐿𝑎𝐵𝑚 +  𝑅𝑎𝐵𝑚 +

𝐾𝑏𝐾𝑡](5) 

Then the relation between rotor shaft speed and 

applied armature voltage is represented by transfer 

function: 

 
W(s)

Va(s)

=
Kt

LaJm. S2 +  Ra. Jm + La.Bm . s + (Ra. Bm + KbKt)
               (6) 

 
The relation between position and speed is: 

  

𝜃 𝑠 =
𝜔 (𝑠)

𝑠
                                                             (7)

  

 
 

Then the transfer function between shaft position and 

armature voltage at no-load is:

 
 
θ(s)

Va(s)

=
Kt

[La Jm. S2 +  Ra . Jm + La . Bm  . s + (Ra . Bm + KbKt)]s
               (8) 

 
Figure 2 shows the DC motor model built in Simulink. 

Motor model was converted to 2-in and 2-out subsystem. 

Input ports are armature voltage (Va) and load torque (T 

load) and the output ports are angular speed in (w) and 

position (theta). (R.No11) 

 
Where: 

 

= armature voltage (V) , = armature resistance (Ω) 

= armature inductance (H) , = armature current(A) 

= back emf (V) ,ω =angular speed (rad/s) 

= motor torque (N-m) ,Ө = angular position of      

      rotor shaft (rad) , = rotor inertia (kg-m
2
) 

= viscous friction (N-ms/rad)  

= torque constant (N-m/A) , = back emf constant 

(vs. /rad)       ,Let us combine the upper equations  

together: 
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Fig 2: The DC servo-motor simulink  model  

 

3 - BASIC METHOD OF PSO: 

Kennedy and Eberhart. (R.No12) developed a PSO 

concept the PSO is basically developed through 

simulation of bird flocking in two-d imensional space. 

The position of each agent is represented by XY axis 

position and also the velocity is expressed by vx and vy in 

the x and y direction respectively. Modification of the 

agent position is realized by the position and velocity 

informat ion. Bird flocking optimizes a certain objective 

function. Each agent knows its best value so far ( pbest), 

and its xy position. This informat ion is analogous to the 

personal experience of each agent. Moreover, each agent 

knows the best value so far in the group (gbest) among 

the obtained pbests.  

This informat ion is analogous to knowledge of how 

other agents in the group have performed. Namely, each 

agent tries to modify its position. Pos ition modificat ion 

can be represented by the concept of velocity. The 

velocity of each agent can be modified by the following 

equation (12) 

   

 
                                   (9)                           

Where, 

 

K= the constriction factor =   ,and 

 

 

: velocity of agent i at iteration k ,  

: weighting factor , 

: random number between 0 and 1,  

 current position of agent i at iterat ion k ,  

:pbest of agent i ,  

gbest : gbest of the group. 

  

The current position (searching point in the solution 

space) can be modified by the following equation: 

 

           (10) 

4. DESIGN of PDPSO-BASED SERVO-
MOTOR CONTROLLER: 

4.1 DC servo-motor model with PD  

In the DC servo-motor model shown in Fig. 2, the PD 

controller is added as shown in Fig. 3 with the following 

structure: 

s
d

kpkscG )(                  (11) 

where  

kp  = proportional control gain, &  kd = differential 

control gain. 

The dynamic equations of this model can be written in 

the state-space form as 

)()()()( tPFtButAxtx d


 (12) 

 

The system A matrix after adding the PD signals 

becomes 

 

 (13) 

The DC servo-motor simulink model including the PD 

controller is shown in fig4. 

4.2. PDPSO-based controller 

To increase the system damping, the eigen value-based 

objective function is considered as follows: 

J =max {Real (λ i ): λi ϵ electromechanical modes}

 (14) 
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where Real (λ i ) is the real part of the i
th
 

electromechanical mode eigenvalue of the A matrix. In  

the optimization process, it is aimed to min imize J in  

order to shift the poorly damped eigenvalue to the left in 

s-plane. 

The proposed approach employs PSO to solve this 

optimization problem and search for an optimal set of 

PD gains. MATLAB files for the PSO have been 

developed in (R.No13).It is modified and employed to 

get the optimal values of the PID gains. In addition to the 

main BFA program, addit ional programs are designed to 

get the state-space representation of the system. The 

obtained values of the PD gains using PSO are: kp  = 

1.9547,  

kd =2.5706. 

5. PERFORMANCE EVALUATION 

In order to provide the efficiency of the proposed PD-

based PSO controller, it is evaluated through a 

comparison of its response with that of the PD-based 

signal constrained block, which introduced in (R.No11). 

5.1. PD-based Signal Constrained block [11] 

A PD controller was designed to control the DC motor. 

Control signal of a PD controller is as follows: 

        

      (15) 

Controller parameters were tuned using Signal 

Constraint block of Simulink Response Optimizat ion 

Toolbox instead of conventional methods. 
 

Performance criteria were specified as: 

Rise time (  , 

Settling time (  

Maximum overshoot(   , 

Steady state error (e)  

The objective in control system design is to find a 

control signal that satisfies the performance 

requirements.  

The obtained PD gains are as follows:  

5, 56. 

 
Fig. 3:. PD control system. 

6. SIMULATION RESULTS 

The simulation results are illustrated in two figures 

(5& 6). Each figure represents a controller showing the 

responses of the PD controllers. Fig 5 shows the PD 

control system designed in MATLAB/Simulink where 

controller coefficients were adjusted using the Signal 

Constraint block 

 
Fig 4. DC servo-motor Simulink model with PD 

control system 

In Fig 6 shows the PDPSO-based controller response. 

The values are finding parameters by PSO controller 

response where were kp= 1.9547, kd= 2.5706 and note 

that there is no Overshoot and note that the curve up to 

the real speed is better than Fig 5. 
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Fig 5. Signal Constrained block-Based PD controller 

response 
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Fig 6  : PSO-Based PD controller response at no load. 

 

Table 1 shows the values of the performance criteria 

obtained with the adjusted controller parameters.  
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Table 1: Parameters of PID Controlled Systems for 

Different Values Of Required Response 

7 .CONCLUSION: 

The design of a PDPSO-based controller for the speed 

of a DC servo-motor is presented in this work. The DC 

servo-motor with the proposed controller is compared 

with the PD- based Signal Constrained block of the 

MATLAB/Simulink. The proposed PDPSO- based 

controller has much faster response than that of the other 

controller. However the PDPSO is much better in terms 

of the peak value and the settling time than the PD-based 

Signal Constrained block. 

8 .APPENDIX 

DC Servo Motor Specifications:- 

Rated power  3.70               K w 

Rated voltage 240                  V 

 Armature resistance  (Ra)                   11.2                  Ω 

Armature inductance  (La)            0.1215             H 

Motor Moment of Inertia  (J)            0.02215          kg-  

Damping coefficient (B)              0.002953      Nms/rad            

Torque constant Kt                                                                                                                                                  1.28               Nm/A 

Back emf  constant Kb                                                                                                              1.28              Vs /rad 
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No.fig Actual Response 
 

Value of PID 
Controller 

5 Percent Overshoot=0 

Settling Time =0.8 sec 

Peak Time =0 

Kp=5 

Kd=0.4156 

6 Percent Overshoot=0 

Settling Time=0.25 sec 

Peak Time=0 

Kp=1.9547 

 Kd=2.5706  

 


