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Abstract  
 

This paper presents a real - time model of the DC motor speed control system. The PID controller is used to estimate the 

error between the actual speed and the set speed to adjust the Pulse - width modulation (PWM) inverter. The actual speed 

is measured through the encoder that provides training and testing data for PID controller. Simulation results are 

compared with the real-time results to address advantages and disadvantages of the system.  
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1. INTRODUCTION 
DC motors are widely used in machine tools, 

printing presses, ans, pumps, hoists, robotics, Small DC 

motors are mainly used in control devices and servo 

motors for positioning and tracking. DC motors are also 

used in many high- precision industrial applications 

such as robot control, position control, steel mining and 

paper and textile industries. Therefore, the study of 

motor speed control methods has received great 

attention in recent years [1-3]. 

 

The proportional-integral-derivative (PID) 

controller is widely used in industrial control processes 

because of their simple structure and robust 

performance. The design of a PID controller depends on 

three parameters which are proportional gain Kp, 

integral time constant Ki and derivative time constant 

Kd [4]. Many authors have used the Fuzzy Logic 

controller to automatically detect the parameters of Ki, 

Kp and Kd of the PID controller [5-7]. However, the use 

of fuzzy controller will increase the complexity of the 

system leading to increase product costs. In this 

experiment, we detect the parameters Kp, Ki and Kd of 

the PID controller corresponding to the used DC motor.  

 

In this paper, we first build a simulation model 

of DC motor speed using PID controller by Matlab 

Simulink. And then we use Kit STM32F407, DC motor 

servo encoder and the necessary equipment to conduct 

experiments. 

 

The remainder of the paper is organized as 

follows. Section 2 describes theoretical basis of the PID 

controller and the Mathematical Model of DC Motor. 

Section 3 presents the simulation results of the model. 

Experimental results are given in Section 4 and 

conclusions are summarized in Section 5.  

 

2. MODEL DESIGN 
The model of DC Motor speed is presented in 

Figure 1. Where, r(t) is desired speed, u(t) is the actual 

speed of motor that is measured from speed sensor, e(t) 

is the error between desired speed and real speed that is 

transmitted to PID controller to stabilize the speed of 

the motor. 

 

2.1 PID Controller 

The PID controller is defined by the following 

relationship between the controller input e(t) and the 

controller output u(t) that is applied to the motor as 

follows: 

              ∫       
 

 
   

     

    
 (1) 

 

Laplace transform of the equation (1) gives the 

transfer function G(s) as follows: 

     
    

    
    

  

 
        (2) 

 

The discrete-time equation (2) expression is 

given as: 

                 ∑      
  

  
      

    (3) 

 

Here, u(k) is the control signal, e(k) is the error, 

Ts is the sampling period for the controller, and 

                 . 
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Figure 1: The model of DC motor speed control using PID controller 

 

2.2 Mathematical Model of DC Motor 

 

 
Figure 2: Block diagram of DC motor 

 

The dynamic behavior of DC motor is given 

by following set of relations [8] and its block diagram is 

shown in Figure 2. A simplified linear model is 

presented for this work ignoring the nonlinearities like 

the backlash and dead zones to simplify the application 

of metaheuristic techniques. Consider 

 

                 (4) 

                            (5) 

         ̇      (6) 

      
      ̇   

     
    (7) 

                          (8) 

                    (9) 

 

Where, Ua is armature applied voltage, Ub is 

back-emf, Km is motor constant, Kb is back emf 

constant, Jm is inertia of rotor, Bm is viscous damping, 

Tm is developed motor torque, Tl is torque delivered to 

load, Td is disturbance torque, ra is armature resistance, 

L is armature inductance, Ia is armature current, and s is 

s-plane.  

 

By using (1) the transfer function of DC motor is 
 ̇   

     
 

  

                      
   (10) 

 

3. SIMULATION 
In this section, simulation results are given to 

verify the convergence of the PID controller. The 

simulation model is shown as Figure 3.  

 

 

 
Figure 3: PID controller simulation model 
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The simulation parameters of DC motor are shown in Table 1. 

 

Table 1: Parameters of DC motor 

Parameter Values and Unit 

R 1 Ω 

Kb 0.023 Kg-m/A 

Kt 0.023 Vs/Rad 

L 0.5 H 

Jm 0.01Kgms
2
/Rad 

Bm 0.00003Kgms/Rad 

 

The simulation parameters of PID controller are shown in Table 2. 

 

Table 2: Parameters of PID controller 

Parameter Values and Unit 

Ki 12 

Kp 50 

Kd 0.75 

N 100 

 

In this simulation, the speed motor is selected 200 rpm and 300 rpm. Figure 4 and Figure 5 show simulation 

results of PID controller. 

 

 
Figure 4: Simulation result at 200rpm 

 

 
Figure 5: Simulation result at 300 rpm 

 

4. EXPERIMENTAL RESULTS 
4.1 Experimental Model 

Experimental model is shown in Figure 6. 

Where, microcontroller is selected STM32F407. The 

encoder DC motor is selected GA37 and driver DC 

motor is used L298. The parameters of the PID 

controller are selected at Table 3 and the control 

software using waijung library in matlab simulink 

R2020b as shown in Appendix. 
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Figure 6: Experimental model: Missing 

 

Table 3: Parameters of Discrete PID controller 

Parameter Values and Unit 

Ki 12 

Kp 50 

Kd 0.75 

Ts 0.01 

 

 

 

 

4.2 Experimental Results 

The experimental results are shown in Figure 7, 

Figure 8, Figure 9 and Figure 10. Figure 7 and Figure 8 

show results of PID control performance with two 

different speeds of 200 rpm and 300 rpm, respectively. 

 

Figure 9 provides the test results at the speed 

increasing from 400 rpm to 500 rpm. Figure 10 shows 

the test results at the speed increasing from 450 rpm to 

550 rpm.  

 

 
Figure 7: Experimental results for speed 200 rpm 

 

 
Figure 8: Experimental results for speed 400 rpm 
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Figure 9: Experiment results for speed from 400 rpm to 500 rpm 

 

 
Figure 10: xperiment results for speed from 450 rpm to 550 rpm 

 

APPENDIX 

A. Control program using waijung library. 

 
 

B. Discrete PID Controller and Encoder reading function. 
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C. Program to read real speed of DC motor 

 

 
 

5. CONCLUSIONS 
This paper introduces a DC motor speed 

control model using the PID controller. The main object 

of the paper lies in checking the actual speed of the DC 

motor using Kit STM32F407 and waijung libraty. 

Experimental results show that the system works stably 

for controlling small DC motors. 
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