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Abstract. DC motor speed can be achieved by changing the armature voltage fed through 

converter that generally employed with conventional PID. However, conventional PID 

controller has some disadvantages such as the high starting overshoot and sensitivity to 

controller gains. On the other hand, fractional order PID has potential to accomplish what 

conventional PID cannot. In this study, fractional order PID controller was applied to control 

speed of DC motor. By calculated error that occurred by reference speed and actual speed, 

fractional order PID brought motor run at desired speed. The parameters of fractional order 

PID controller (proportional constant, integral constant, derivative constant, derivative order 

and integral order) are optimally tuned by using Genetic Algorithm, and the optimization 

performance target is based on Integral Time Absolute Error (ITAE) criterion. Oustaloup’s 

approximation method is used to approximate the fractional order differentiator and integrator. 

This controller performances are tested in simulation mode using MATLAB/Simulink. Speed 

response of motor DC are compared between fractional order PID and conventional PID 

controller. The result of fractional order PID controller could reduce overshoot, settling time 

and steady state error. With this result, show that fractional order PID controller perform better 

than conventional PID controller. 

1. Introduction 

The DC motors are widely used in industry and commercial application such as tape motor, disk drive, 

robotic manipulators and in numerous control applications [1,2]. Therefore, DC motor speed control is 

very important. DC motors has excellent control of speed for speeding up and slowing down [3]. 

There are several methods to control speed of DC motor [4], i.e. traditionally armature voltage using 

rheostatic, conventional PID controllers, neural network controllers, constant power motor field 

weakening controller based on load-adaptive MIMO linearization technique, single phase uniform 

PWM ac-dc buck-boost converter with only one switching device or using NARMA-L2 (Nonlinear 

Auto Regressive Moving Average) controller. 

Although many methods have been proposed, the types of PID controller continues to be the most 

popular controller used in industrial processes [5-6]. However, there are some disadvantages in PID 

controller like high overshoot and sensitivity to controller gains. In control engineering, a dynamic 

field of research and practice, better and better performance is constantly demanded. Many techniques 

on design and tuning of the PID controllers are proposed, i.e. Ziegler-Nichols method, Cohen-Coon 

rule, modified Ziegler-Nichols scheme, integral performance criteria, Astrom-Hagglund method, so 

on. Meanwhile, in order to improve the feedback control performance, variant PID controllers have 
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been proposed, for typical examples, PID-dead time Controller, IMC-PID controller, Smith predictor-

PID controller, etc [7]. More recently, Podlubny has proposed a generalization of PID controllers, 

namely the fractional order PID well known as PIλDµ controller, involving an integrator of order λ and 

differentiator of order µ (the orders λ and µ may assume real noninteger values) [8-10].  

In literature [11-13, 27], an optimal PIλDµ has been designed by using a Genetic Algorithm, which 

also shows better performance when used the PIλDµ controller than the conventional PID controller. In 

this paper, the study is focused on PIλDµ controller to optimize speed control of DC motor to get a 

better performance. For tuning scheme, PIλDµ controller parameters obtained optimally by Genetic 

Algorithm. 

The basic block diagram of an electrical drive is shown in figure 1. In electrical drives [14], use of 

various sensors and control algorithms is done to control the speed of the motor using suitable speed 

control methods. Earlier only DC motors were employed for drives requiring variable speeds due to 

ease of their speed control methods. On the other hand, modern trends and development of speed 

control methods of an DC motor have increased in electrical drives extensively. 

This paper deal that simulation of optimization speed control using fractional order PID for DC 

motor designed by MATLAB/Simulink supported SimPowerSystem and FOMCON additional 

toolbox. After that, DC motor performance is tested by comparing the speed response between PIλDµ 

controller and conventional PID controller. 

2. Experimental method 

Based on figure 1, control unit containing two feedback loops is used in controlling the speed of a DC 

motor [15]. 

Source Power Modulator Motor Load

Sensing UnitControl Unit

Input Command

 
Figure 1. Block diagram of an electrical drive [14] 

 
First, speed controller was used to controlled speed loop by calculate error between reference speed 

(ωref) from input command and actual speed (ωact) from sensing unit. Then, the output of speed 

controller called reference current (Ireference) that compared with actual current (Iactual) as an input to 

controlled current loop. The speed control of DC motor is achieved by regulating the armature voltage, 

which is controlled by varying square wave signal from current controller fed to power modulator 

(converter). The speed controller that used to controlled speed loop are PIλDµ controller and 

conventional PID controller. 

2.1. PID controller 

Based on figure 2, control unit containing conventional PID controller is used in controlling the speed 

of a DC motor. Fundamentally [5], conventional PID controllers are composed of three basic control 

actions (see equation (1)). As starting point to study, the conventional PID controller transfer function 

is [16]: 

 

 𝐶(𝑠)  =  𝐾𝑝 +  𝐾𝑖/𝑠 +  𝐾𝑑 𝑠 (1) 
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Where Kp is the proportional constant, Ki is the integral constant, Kd is the derivative constant. The 

function of each constant of a conventional PID controller can be described as follows [28], the 

proportional part reduces the error response of system to disturbances, the integral part eliminates the 

steady state error, and the derivative part dampens the dynamic response and improves the system 

stability. Because of this, choosing the right parameters becomes a crucial decision for putting into 

practice conventional PID controller [5]. In this work, value of conventional PID controller parameters 

obtained optimally by Genetic Algorithm. 

 

Source Power Modulator Motor Load

Sensing UnitControl Unit

Input Command

PID controller

 
Figure 2. Block diagram of an electrical drive using conventional PID controller 

2.2. PIλDµ controller 

Based on figure 3, control unit containing PIλDµ controller is used in controlling the speed of a DC 

motor. PIλDµ controller is the expansion of the conventional PID controller based on fractional 

calculus [2]. This idea of the fractional calculus application to control theory has been described in 

many other works [8,10,16]. In order to show the proposed controller, the PIλDµ controller transfer 

function is [8]: 

 

 Gc(s) = Kp + Ki s -λ + Kd sµ (2) 

 

Where Kp is the proportional constant, Ki is the integral constant, Kd is the derivative constant, λ is 

the integral order and µ is derivative order. 

As represented in equation (2), the PIλDµ controller has five control parameters which add more 

flexibility and robustness to the system, but becomes more complex obtaining the parameters of the 

controller [17]. 

2.3. PIλDµ controller design 

The general procedure of PIλDµ controller design may be summarized by the following steps [13,18]: 

• Depending on the plant characteristics, determine the correct frequency range for 

approximation. Oustaloup’s approximation are always used due to their flexibility. 

• Obtain an initial feasible parameter set for the PIλDµ controller. 

• Choose controller gain/exponent constraints using any method based on the plant’s model. 

• Compute control system constraint (2) using obtained controller gain.  

• Decide whether you want to use Simulink for system simulation. 

• Next, the choice of an appropriate performance metric is required (ISE, IAE, ITSE, or ITAE). 
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Source Power Modulator Motor Load

Sensing UnitControl Unit

Input Command

Fractional order 

PID controller

Approximation

 
Figure 3. Block diagram of an electrical drive using PIλDµ controller 

2.4. Oustaloup’s approximation 

Literature [13] explained that fractional that fractional order controller is of infinite order, in the sense 

of integer. There is a need to approximate from infinite to a finite dimensional system. A detailed 

review of the various approximation methods and techniques for continuous and discrete fractional 

order models was done in work [19]. 

In this paper, Oustaloup’s approximation method is used to approximate the PIλDµ controller. The 

lower and higher translation frequencies for approximation are 𝜔b 0.001 rad/sec and 𝜔h 1000 rad/sec 

and the approximation order (N) is 5. 

2.5. Tuning by Genetic Algorithm 

Genetic Algorithm are a powerful search algorithm that performs an exploration of the search space 

that evolves in analogy to the evolution in nature [20]. Genetic Algorithm consists of three 

fundamental operators: reproduction, crossover, and mutation. Given an optimization problem, 

Genetic Algorithm encodes the parameter designed into a finite bit string, and then runs iteratively 

using the three operators in a random way but based on the fitness function evolution. Finally, Genetic 

Algorithm finds and decodes the solution to the problem from the last pool of mature strings [2, 11-

12]. Table 1 are taken for controller tuning purpose: 

 

Table 1. Parameters for Genetic Algorithm 

Parameter Conventional PID PIλDµ 

Population size 100 50 

Creation function Uniform Uniform 

Selection function Stochastic uniform Stochastic uniform 

Crossover function Arithmetic Arithmetic 

Crossover probability 0.65 0.65 

Generation 50 25 

Initial range Lower [0 0 0] 

Upper [20 20 5] 

Lower [0.5 1] 

Upper [1 1.5] 
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To evaluate control performance, the fitness function (J) based on Integral Time Absolute Error 

(ITAE) criterion which has an advantage of providing lesser overshoot along with the less settling 

time [12]: 
 

 J = ∫ 𝑡 |𝑒(𝑡)|
𝑇

0
 dt (3) 

 

2.6. Model of DC motor 

As reference, a separately excited DC motor equivalent circuit is shown in figure 4. The equations 

describing the dynamic behavior of the DC motor are as follows equations (4)-(6) [21]: 

 

 V = e + Raia + La 
𝑑𝑖𝑎

𝑑𝑡
 (4) 

 Tm  = J 
𝑑²𝜔(𝑡)

𝑑𝑡²
 + B 

𝑑𝜔(𝑡)

𝑑𝑡
 (5) 

 e = e(t) = Kb 
𝑑𝜔(𝑡)

𝑑𝑡
 (6) 

 

Simplification and taking the ratio of ω(s)/v(s), will get the transfer function as equation (7): 

 

 
𝜔(𝑠)

𝑉𝑎(𝑠)
 = 

𝐾𝑏

[ 𝐽𝐿𝑎𝑆2+(𝑅𝑎𝐽+𝐵𝐿𝑎)𝑆+(𝐾𝑏2+𝑅𝑎)]
 (7) 

 

where Ra is armature resistance in ohm, La is armature inductance in henry, ia is armature current in 

ampere, Va is armature voltage in volts, e is back emf in volts, Kb is back emf constant in 

volt/(rad/sec), Tm is torque developed by the motor in N-m, ω(t) is angular speed of shaft in rad/sec, J 

is moment of inertia of motor and load in kg-m²/rad, and B is frictional constant of motor and load in 

N-m/(rad/sec). 

Vf

if
Rf

Lf e

+

-

Ra La

ia

V

+

-  
Figure 4. Equivalent circuit of separately excited DC motor [22] 

The separately excited DC motor under study has the following specification and parameter [23]: 

• Specification:  5 HP, 240 volts. 

• Parameters: Ra = 0.5 Ω, La = 0.01 H, Va = 280 V, Kb = 1.23 V/(rad/s),  J = 0.05 kg.m², B = 

0.02 Nm/s. 

From DC motor parameter above, the overall transfer function is given in equation (8): 

 

 
𝜔(𝑠)

𝑉𝑎(𝑠)
 = 

1.23

0.0005 𝑠2 + 0.0252 𝑠 + 1.523
 (8) 

 

2.7. Simulation of DC motor speed control 

The simulation build in MATLAB/Simulink environment. The basic model of DC motor speed control 

is shown figure 5. The model modified from MATLAB demos in power_dcdrive.mdl [23]. As shown 
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in figure 5, a separately excited DC motor fed by a DC source through a chopper circuit. A single 

GTO as power converter and a free-wheeling diode form the chopper circuit. 

The basic principle of speed control of DC motor [24], the output speed of DC motor can be 

change by changing the armature voltage for speed under and up to the rated speed. The field voltage 

is kept stable. A PIλDµ controlled speed control loop takes the actual speed of the motor and compares 

it with the reference speed to determine the reference armature current required by the motor. The 

current control loop consists of a hysteresis current controller (HCC). HCC is used to generate 

switching patterns required for the chopper circuit by comparing the actual current motor with the 

reference current. The chopper output provides the variable voltage essential to bring motor back to 

the desired speed.  

In this paper, for the purpose of speed controller design, FOMCON toolbox for 

MATLAB/Simulink is used. In the following, a brief description of the FOMCON toolbox and the 

modules thereof that are applied in this work is provided in [25-26]. 

 

 
Figure 5. The basic model of DC motor drive system in MATLAB 

3. Result and discussions 
In this simulation, the PIλDµ controller that is used to optimize speed control of DC motor is compare 

with conventional PID. By running Genetic Algorithm, parameters of each controller were obtained. 
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Figure 6. Fitness 

value vs 

generation for 

conventional PID 

tuning 

  

 

 

 

 

 

 

 

Figure 7. Fitness 

value vs 

generation for 

PIλDµ tuning 

Can be seen on figure 6, after 45 generations, the Genetic Algorithm performs a local search, best 

fitness value and average fitness value which convergene till the end of the evolution. For 

conventional PID tuning, the following result were obtained at 50th generation with best fitness 

0.0163136 and average fitness 0.0172504. From figure 7, after 20 generations, the Genetic Algorithm 

performs a local search, best fitness value and average fitness value which convergene till the end of 

the evolution. Finally, for PIλDµ tuning, the following result were obtained at 25th generation with best 

fitness 0.0152299 and average fitness 0.015232. 

 

 

 

 

 

Figure 8. Current 

best individual vs 

number of 

variables for 

conventional PID 

tuning 
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Figure 9. Current 

best individual vs 

number of 

variables for PIλDµ 

tuning 

Based results of conventional PID tuning on figure 8, number of variables 1, 2, and 3 are depict for 

Kp, Ki and Kd. Results of PIλDµ tuning on figure 9, number of variables 1 and 2 are depict for λ and µ. 

Then, tuning results obtained in both tuning are tabulated in table 2. 

 

Table 2. Optimized controller parameters 

Controller 
Value 

Kp Ki Kd λ µ 

Conventional PID 19.856 19.61 0.243 - - 

PIλDµ 19.856 19.61 0.243 0.51 1.004 

 

To analysis the performances of controller, speed response of both controller is shown at various 

conditions. First, speed response is observed at condition 1 (no load or load torque 0 Nm) with 

reference speed 120 rad/s and sampling time 5 second.  

 

Figure 10. Speed response at condition 1 (no load) 
Figure 10 presents the speed responses of the system with the application of PIλDµ controller and 

conventional PID controller, respectively. It can be seen that the PIλDµ controller has remarkably 
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reduced the overshoot (131.25 rad/s to 124.8 rad/s), settling time (1.55 second to 1.1 second), and 

steady state error (120.175 rad/s to 120.165 rad/s) compared with conventional PID controller. PIλDµ 

controller has achieved good performances in both transient and steady state periods. It is clear that 

PIλDµ controller smoothly control DC motor with lesser settling time, peak overshoot and steady state 

error even at no-load condition. The simulation results obtained from figure 10 are tabulated in table 3. 

 

Table 3. Controller performance analysis at condition 1 

Controller 
Value 

Overshoot Settling time Rise time Steady state error 

Conventional PID 9.38 % 1.55 s 0.034 s 0.14 % 

PIλDµ 4 % 1.1 s 0.037 s 0.13 % 

 

Second, speed response is observed at condition 2 (on load or constant torque load 5 Nm) with 

reference speed 120 rad/s and sampling time 5 second. 

 
Figure 11. Speed response at condition 2 (on load) 

 

Figure 11 present the speed responses of the system with the application of PIλDµ controller and 

conventional PID controller, respectively. It can be seen that the PIλDµ controller could reduced the 

overshoot (129.8 rad/s to 124.7 rad/s), settling time (1.13 second to 0.58 second), and steady state 

error (120.16 rad/s to 120.06 rad/s) compared with conventional PID controller. PIλDµ controller has 

achieved good performances in both transient and steady state periods. It is clear that PIλDµ controller 

smoothly control DC motor with lesser settling time, peak overshoot and steady state error even at on-

load condition. The simulation results obtained from figure 11 are tabulated in table 4. 
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Table 4. Controller performance analysis at condition 2 

Controller 
Value 

Overshoot Settling time Rise time Steady state error 

Conventional PID 8.17 % 1.13 s 0.037 s 0.13 % 

PIλDµ 3.92 % 0.58 s 0.048 s 0.05 % 

 

Third, speed response is observed at condition 3 (step change of torque load 20 Nm is applied at 

2.5 second from the initial value 5 Nm) with reference speed 120 rad/s and sampling time 5 second. 

 
Figure 12. Speed response at condition 3 (step change of load) 

 

With a step-load disturbance of 20 Nm, variation of speed is shown in the figure 12. It can be seen 

that PIλDµ controller has undershoot 119.55 rad/s and conventional PID controller has undershoot 

119.58 rad/s. When simulation rise up to steady state again, both of controllers had same steady state 

error 199.7 rad/s. At condition step change of load, conventional PID controller smoothly control DC 

motor with lesser undershoot. Also, both controllers can recover the desired speed at same time. The 

simulation results obtained from figure 12 are tabulated in table 5. 

 

Table 5. Controller performance analysis at condition 3 

Controller 
Value 

Undershoot  Steady state error 

Conventional PID 0.35 % 0.25 % 

PIλDµ 0.37 % 0.25 % 
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Fourth, speed response is observed at condition 4 (step change of speed 140 rad/s is applied at 2.5 

second from the initial value 120 rad/s) with torque load 5 Nm and sampling time 5 second. 

 
Figure 13. Speed response at condition 4 (step change of speed) 

 

With a step-speed disturbance of 140 rad/s, variation of speed is shown in the figure 13. It can be 

seen that the PIλDµ controller more sluggish at transient period, but PIλDµ controller has overshoot 

140.65 rad/s and conventional PID controller has overshoot 140.38 rad/s. When simulation rise up to 

steady state again, PIλDµ controller has error 143.5 rad/s and conventional PID controller has error 

144.04 rad/s. At condition step change of speed, PIλDµ controller smoothly control DC motor and 

lesser steady state error. In other hand, conventional PID controller also proposed lesser overshoot. 

The simulation results obtained from figure 13 are tabulated in table 6. 

 

Table 6. Controller performance analysis at condition 4 

Controller 
Value 

Overshoot  Steady state error 

Conventional PID 0.27 % 2.8 % 

PIλDµ 0.46 % 2.5 % 

 

Fifth, speed response is observed at condition 5 (stopping motor by changing reference speed to 0 

rad/s at 4 second from the initial value 120 rad/s) with torque load 5 Nm and sampling time 5 second. 



The 8th Engineering International Conference 2019

Journal of Physics: Conference Series 1444 (2020) 012022

IOP Publishing

doi:10.1088/1742-6596/1444/1/012022

12

 
 
 
 
 
 

 
Figure 14. Speed response at condition 5 (stopping motor) 

 

Figure 14 shows that the PIλDµ controller bring speed motor to 0 rad/s at 4.9853 second and 

conventional PID controller bring speed motor to 0 rad/s at 4.9857 second. For stopping DC motor 

until running at 0 rad/s, PIλDµ controller is faster than conventional PID controller. 

4. Conclusions 

This paper presented that PIλDµ controller was used to optimize speed control of DC motor, 

particularly separately excited DC motor. The parameter of PIλDµ and conventional PID controller are 

optimally tuned by Genetic Algorithm. Both controllers are compared in simulation at five various 

condition, no-load, on-load, step change of load, step change of speed, and stopping motor. The results 

of PIλDµ controller could reduce overshoot, settling time and steady state error at no-load and on-load 

condition. PIλDµ controller could reduce error, control more sluggish and smoothly at step change of 

load and step change of speed condition. Also, PIλDµ controller is faster than conventional PID during 

stopping motor. With this results, show that PIλDµ has more flexibility and capability, also verified 

could optimized speed control of DC motor. 
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