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ABSTRACT 

This paper presents a comparative analysis of a PID based DC motor speed control, using particle swarm 

optimization (PSO) algorithm and artificial bee colony (ABC) algorithm. A model of a DC motor is obtained for its 

speed control, and a PID controller is designed through a unity feedback for proper control of the speed. PSO 

algorithm and ABC algorithm are used to optimize the parameters (Kp, Ki & Kd) of the PID controller using the 

Integral of the Absolute Error (IAE) as cost function. A comparative analysis of the performance of each algorithm is 

made with respect to maximum overshoot, settling time and rise time obtained from a step response. Result indicates 

that the PSO performs better than ABC algorithm in term of settling time (with 5.81% improvement) and rise time. 

However, the ABC converges faster with lesser overshoot of 12.61%.  

 

1. INTRODUCTION 

DC motors have many applications in industries as 

means of electrical traction. Many production processes 

that involve speed control (as in frequency converters) 

are done by means of DC motors because of the superior 

ability of easy manipulation and control they have over 

AC motors. The torque/speed characteristics of DC 

motors are compatible with most mechanical loads. The 

speed control methods of a dc motor are simpler and less 

expensive than those of AC Motors. The speed control 

can be achieved over a large range (Saxena & Hote, 

2016). In a typical electric drive controller, there are 

usually several nested control loops for the control of 

current/torque, speed and position, each of which may 

use a separate proportional integral- derivative (PID) 

controller. Although many alternative control structures 

have been proposed for this application, the PI controller 

continues to be the most popular controllers used in 

industrial processes (Kocur, Kozak, & Dvorscak, 2014). 

This type of controller has the advantage of being simple 

to implement. In spite of the fact that the effect acquired 

as a result of disturbances and environmental conditions 

on the structure of the system (V. Kumar, Gaur, & 

Mittal, 2014), which makes its design to be more 

complex, it is not easy to find another controller with 

such a simple structure to be comparable in performance. 

A very critical step in the use of controllers is the 

controller parameters tuning process (Fister, Fister Jr, 

Fister, Šafarič, & Systems, 2016; Shata, Hamdy, 

Abdelkhalik, & El-Arabawy, 2018). In a PID controller, 

each control component (proportional, integral and 

derivative) has a gain to be tuned. A lot of approach has 

been used to find the parameters of PID controllers, 

including time response tuning, time domain 

optimization (Hussein, Muhammed, Sikiru, Umoh, & 

Salawudeen, 2017; A. Kumar & Kumar, 2017) 

frequency domain shaping (Dewantoro, 2015) and 

genetic algorithms  (Lazarević, Batalov, & Latinović, 

2013). The speed response of the drive with PID 

controllers designed with the above techniques may be 

satisfactory but not necessarily be the best, since they do 

not pose any constraint on settling time, overshoot / 

undershoot etc. In any classical PID control problem, the 

required controller parameters should be optimally 

designed. The method of Zeigler Nichols’ (ZN) ultimate 

cycle tuning scheme is used as a starting point for many 

swam optimization algorithms such as particle swam 

optimization algorithm (PSO), ant bee colony 

optimization algorithm (ABC), cuckoo search algorithm, 

grasshopper algorithms and others.  

Proportional Integral Derivative (PID) control is widely 

used in DC motor system (Elbayomy, Zongxia, & 

Huaqing, 2008; Sabir, Ali, & Computation, 2016), 

because of its simple structure, high reliability among 

others. However, the parameters of PID controller are 

commonly tuned by trial and error which may results in 

bumps and large overshoots. In order to overcome the 

deficiency of the PID controller whose parameters are 

difficult to adjust, many swarm intelligence algorithms 

mailto:sgarba@abu.edu.ng
mailto:tasalawudeen@abu.edu.ng
mailto:busayoadebiyi@yahoo.com
mailto:abubakaras@abu.edu.ng
mailto:clergytony@yahoo.com
mailto:zaminu@yahoo.com
mailto:sgarba@ncc.gov.ng
mailto:sgarbaabu@gmail.com


   ISSN: 2449 - 0539 

BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.14 NO.1, FEBRUARY, 2019 

Garba et al. Bayero Journal of Engineering and Technology Vo 14 No. 1 page 10-16 (2019)         11 

 

are used. For example, a comparative study of PSO and 

GA for PID controller tuning for the DC motor was 

presented in (Yazgan, Yener, Soysal, & Gür, 2019). 

Position control of nonlinear hydraulic system using an 

improved PSO based PID controller was presented in 

(Ye, Yin, Gong, Zhou, & Processing, 2017). The 

artificial fish swarm algorithm was used for the 

trajectory tacking control of ball on plate system using 

weighted artificial fish swarm algorithm was presented 

in (Hussein et al., 2017). The fractional order PID 

controller design for fractional systems using ABC 

algorithm was also presented in (Senberber & Bagis, 

2017). 

However, this paper presents a comparative study and 

analysis of ABC algorithm and PSO algorithm for tuning 

the PID parameters in speed control of DC motor.  

The ABC algorithm presented by Karaboga (2005) 

mimics the foraging behaviour of honey bee swarm in 

finding good solutions to optimize multi-variable and 

multi-modal continuous function (Choong, Wong, Lim, 

& computation, 2019; Karaboga, Gorkemli, Ozturk, & 

Karaboga, 2014). Numerical comparisons demonstrated 

that the performance of ABC algorithm is competitive to 

other population-based algorithms with an advantage of 

employing fewer control parameters. Singh (2009) used 

the ABC algorithm for the least-constrained minimum 

spanning tree problem and compared the approach 

against genetic algorithm (GA), ant colony optimization 

(ACO) and tabu search (TS). 

The PSO algorithm, introduced by Kennedy and 

Eberhart (1995), is another common intelligent 

algorithm. It works by maintaining a population of 

solutions and hence allows for parallel evaluations of 

several solutions (Gavali & Deshpande, 2018). Its 

simplicity and capability of solving very difficult 

problems have inspired many researchers for further 

development. Some recent developments can be seen in 

Baskar and Suganthan (2004), Zhao and Suganthan 

(2009), van den Bergh and Engelbrecht (2004), and Zhan 

et al. (2009). The main focus of this paper is to compare 

the performance of the PSO and ABC in tuning the PID 

parameters   of a DC motor speed control. 

 

2. METHODOLOGY 

In this section, the relevant information, which forms the 

basis of this paper, are presented. 

Schematic representation of DC motor is given in Fig. 1 

 
Fig.1 Schematic of DC motor (Asadi & Application, 

2018) 

From the DC motor model in Fig. 1, the electromagnetic 

force on conductor is proportional to current flowing 

through the conductor; hence torque generated by DC 

motor is proportional to current flowing through 

windings of rotor (A. A. Emhemed & R. B. J. P. E. 

Mamat, 2012; Verstraten, Mathijssen, Furnémont, 

Vanderborght, & Lefeber, 2015; Yazgan et al., 2019). 

  

tT K I
     (1) 

Here, the constant Kt is the constant of proportionality 

called the torque constant. The amplitude of the back 

EMF is proportional to angular speed of rotor. The 

constant of proportionality is Ke  (Alagoz, Ates, & 

Yeroglu, 2013)  

eE K 
     (2) 

The electrical model of DC motor is based on ohm’s law 

and Kirchhoff’s law 

V IR E       (3) 

In SI units it can be shown that the constants Kt and Ke 

are equal and can also be represented as a one constant 

K, which is motor constant. 

The proof of the equation starts with principle of power 

conservation during the electromechanical conversion 

process. The electrical input power to the DC motor is 

(Villarreal-Cervantes, Mezura-Montes, & Guzmán-

Gaspar, 2018). 
2P I R EI       (4) 

From this input power, a part is lost as heat (RI2) and rest 

is converted into mechanical power. The electrical power 

that is converted into mechanical power is total input 

power. According to equation (4) electric power 

transferred is given by 

electricP EI
     (5) 

The mechanical power transferred to DC motor 

mechanicalP T
         (6) 

Equating electric power and mechanical power we get 

EI T          (7)  

By substituting equation (1) and equation (2) in equation 

(7) 

e tK I K I 
         (8) 

e tK K 
         (9) 

The use of DC motor in industries is pivotal to many 

industrial processes; as such, control actions are made to 

prevent the motor from getting damaged or prolong its 

use. The two principal variables to be controlled when 

using the DC motor are the speed and armature current 
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but the speed is most common variable of interest. The 

arrangement of armature-controlled dc motor is shown in 

Fig. 2. 
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Fig. 2. Mathematical model of armature-controlled 

DC motor (Venkatachalam, Prabhakaran, 

Thirumarimurugan, & Ramakrishnan, 2019; Verma, 

Pal, & Kumar, 2019) 

Here, the armature voltage ( ( ))aV s  control the speed of 

the motor and the transfer function of the model can be 

expressed as (Bhushan & Singh, 2011; A. A. A. 

Emhemed & R. B. Mamat, 2012):      

  
( )

( )
( )

m

a f b m

Ks
G s

V s s Ls R Js K K K


 

   
      (10) 

Where Km=Kb are the motor constants, J is inertial of the 

load, Kf is damper’s constant, L and R are the inductance 

and resistance of the armature respectively. 

3. Design of PID-DC Motor Controller 
a. ABC and PSO based Controller Design 

The parameters of a DC motor are given in Table 1 (Idir, 

Kidouche, Bensafia, Khettab, & Tadjer, 2018): 

Table 1: DC Motor Parameters 

Sn Parameter Symbol Value Units 

1 Resistance R 1   
2 Inductance L 0.5 H 

3 Inertial J 0.01 2 2/kgm s  
4 Motor 

Constant 

Km, 

Kb 

0.01 -- 

5 Damper 

Constant 

Kf 0.1 Nms  

  

Substituting the parameters of Table 1, into equation 10, 

then the DC motor transfer function is obtained as:  

2

0.01
( )

0.005 0.06 0.1
G s

s s


            (11)                                               

Given the plant (dc motor) has a unity feedback as 

shown in Fig 3. 
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Fig. 3: The DC motor speed control using PID 

The overall transfer function of the speed-controlled dc 

motor system is given by; 

2

0.01

0.005 0.06 0.1 0.01

i
p d

f

i
p d

K
K K s

s
T

K
s s K K s

s

   
 

      
      (3.1) 

Then, the cost function which is the integral of absolute 

error is given by: 

IAE edt        (3.2) 

Where e is the steady state error of the system when a 

step response is applied. This is a minimization problem. 

The integral of the absolute error is chosen as the cost 

function over the absolute error because it is providing 

faster response with less sustained oscillations. 

The Simulation parameters of the algorithm are defined 

in Table 2. These parameters were choosing after several 

iteration. 

Table 2: Algorithm Parameters 

Sn Parameters ABC PSO 

1 Lower Bound 

(Lb) 

`-10 -10 

2 Upper Bound 

(Ub) 

10 101 

3 Iteration 100 100 

4 population 100 100 

5 Decision 

Variables 

3 3 

6 Damping 

Ratio 

-- 1 

7 w -- 0.99 

8 C1 -- 1.5 

9 C2 -- 2.0 

Using the parameters given in Tables 1 and 2, the tuning 

procedure of both the ABC and PSO is given in Fig 4. 
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Fig 4: Flow Chart of the Tuning Procedure 

4. RESULTS AND DISCUSSION 

4.1 PID parameters using ABC 
The result of the simulation of the tuning process of the 

PID-based DC motor speed controller using ABC 

algorithm reveals that the optimal parameters of the PID 

are; 

 
The results are obtained at the best-cost value (IAE) of 

1.047. Fig 5 shows the step response of the system using 

the optimal parameters obtained. 

 
Fig 5: ABC-PID DC motor speed control 

4.2 PID Parameters using PSO 

The result of the simulation of the tuning process of the 

PID-based DC motor speed controller using PSO 

algorithm reveals that the optimal parameters of the PID 

are; 

 
These values give an optimal value of integral of the 

absolute error as 1.015. The step response of the system 

using the optimally tuned PID-based DC motor speed 

controller using the PSO algorithm is depicted Fig 6: 

 
Fig 6: PSO-PID DC motor speed control 

The comparison of the control signal input to the plant is 

shown in Fig 7. 

 
Fig 7: Control Signal Comparison 
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4.3 Comparative analysis of the performance of PSO 

and ABC speed controller.  

In this subsection, comparative analyses of the 

performance of both algorithms are made with respect to 

their maximum overshoot, settling time and rise time 

when a step input is applied to the system. 

Fig 8 shows the step response of the open loop system of 

the plant, the control system with optimally tuned 

parameters of PID by ABC optimization algorithm and 

that of the control system with optimally tuned 

parameters of PID by PSO algorithm. 

 
Fig 8: Comparative response of the controllers 

From the step response depicted in Fig 6, the 

performance of each of the optimization methods can be 

compared with respect to their maximum shoot, rise time 

and settling time. This is shown in Table 3. 

Table 3: Performance Comparisons 

Metrics PSO ABC 

 

Kp=10 Kp=9.92 

Gain Ki=10 Ki=9.74 

 

Kd=-3.32 Kd=-2.56 

Overshoot (%) 2.50 2.22 

Rise Time (s) 0.25 2.37 

Settling 

Time(s) 4.94 5.23 

From Table 3, the respective optimization algorithms 

obtain different optimal parameters of the PID. 

However, the PSO-based PID tuning for the DC motor 

speed control gives a faster response than the ABC-

based PID tuning for the DC motor speed control as 

indicated in the value of the settling time and rise time. 

The settling time is an indication of how fast a system 

settles after oscillation. While the ABC leaves a lesser 

overshoot of 2.22% (with 12.61% improvement) thereby 

taking significant time to reach its peak, the PSO gives 

higher overshoot meaning bumps can be averted when a 

sudden step response is applied to the system. In terms 

of the settling time, the PSO performed better by 5.81%. 

In order to further verify the performance of the 

optimized controller, the model was subjected to an 

impulse input with a sudden variation of 2sec. Fig 9 

shows the performance of response of PSO based 

controller to the impulse input. 

 
Fig 9: PSO-PID DC motor speed control with 

impulse input 

From Fig 9, it can be observed the PSO based controller 

was able to respond to the impulse input with the 

stipulated periodic interval of 2 sec. This shows the 

effectiveness of the developed controller in controlling 

the speed of the dc motor in the presence of disturbance 

(i.e. disturbance rejection). Similarly, the response of the 

ABC based PID controller with impulse input is given in 

Fig 10. 

 
Fig 10: ABC-PID DC motor speed control with 

impulse input 

Just like in the case of PSO, the ABC based controller 

also efficiently follow the periodic behavior of the 

impulse input, though with a different behavior. To 

distinct this variation, Fig 11 shows the superimposed 

response of the two controllers. 
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Fig 11: Comparative Response of PSO and ABC on 

Impulse Input 

5. CONCLUSION 

In this paper, comparative study of the optimization of 

PID-based DC motor speed controller parameters using 

PSO algorithm and the ABC optimization algorithm is 

made. A model for DC motor was obtained and the 

overall transfer function of the system when cascaded 

with a PID controller through a unity feedback is 

derived. An optimal tuning of the parameters of the PID 

controller for the DC motor speed control is made by 

respective minimization of the integral of the absolute 

errors of the step response of the system using ABC 

optimization algorithm and PSO algorithm. Then 

comparative analysis of the step response of the system 

at the respective scenarios of optimal values of PID 

parameters is made. The results of the simulations 

indicated that the PSO algorithm outperforms the ABC 

optimization algorithm in terms of the settling time and 

the rise time. The ABC optimization method gives lesser 

overshoot in this system on application of step input as it 

takes almost the same time to achieve a steady state 

value before it reaches close to reference value whereas 

the PSO gives a higher overshoot with 12.61% more 

than that of ABC. However, the result here does not 

relegate the ‘no free lunch theorem’ of optimization 

algorithms which asserts that no algorithm has absolute 

superior performance over another, that is, ABC 

algorithm may outperform PSO algorithm in a similar or 

different problem.  
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