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ABSTRACT 

Speed Control of a DC Motor is essential thing in Robotics 

and other industrial application. There are various methods 

available to control the rotational speed of DC motor. In this 

paper the real time rotational speed control of a DC motor is 

presented. To control the rotational speed of DC motor in real 

time, controller is designed with the help of Matlab tool and 

the complete Hardware is interfaced with the laptop through 

USB port with the help of Arduino Mega Board. The low cost 

hardware consists of one drive motor as generator, another 

motor used as a sensor coupled with the drive motor, one 

L293D IC and an arduino mega board for interfacing with 

laptop. This kind of work is useful for the university students 

to understand the working, implementation and testing of 

various controller in real time. Hardware can be used to test 

any kind of controller designed in the Matlab.  
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1. INTRODUCTION 
DC motor is an integral part of the robotics and other 

industrial application. The rotational speed of the dc motor 

can be controlled by using terminal voltage controlled 

method. The rotational speed of the dc motor is related to the 

supplied input voltage, by applying constant input voltage, 

speed of the motor is changed by switching the supply voltage 

on and off so regularly that the motor notice only the average 

voltage effect[1] and not the switching operation. The speed 

of the DC motor is varies by using PWM technique.  

 

Figure 1: Block Diagram of the hardware system 

 

 

Figure 2: Actual Hardware 

2. SYSTEM DESCRIPTION 
An easiest technique to control the rotational speed of the DC 

motor is to control its terminal voltage. The higher the 

voltage, the speed of motor is Maximum. To control the 

voltage, PWM technique is used. In PWM method, the 

operating power of the motors is turned on and off to 

modulate the current of the motor. The ratio of “on” time to 

“off” time  determines the speed of the motor.  

The Speed of the DC motor is relative to the terminal voltage. 

If the voltage is low the speed of motor is less and if the 

voltage is more than the speed of motor is up to maximum 

rotational speed specified in datasheet of motor. The terminal 

voltage is controlled by using the PWM techniques. The 

major components of the System are. 

2.1 Arduino Mega Board 
Please Arduino Mega is a general purpose open architecture 

microcontroller board based on ATmega2560 which consist 

of 54 no. of digital Input Output pins out of which 14 pins can 

be used as PWM output and 16 pins can be used as analog 

inputs. It also contains 4 UART (Hardware Serial Ports), a 16 

Mhz crystal Oscillator, a D-type USB connector and power 

jack etc. 
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Figure 3: Arduino Mega 2560 Board 

In this project the arduino board is used to provide interfacing 

between the hardware and Matlab running on laptop. 

2.2 Driver IC (L293D) 
L293D is a 16 pin motor driver IC, which can be used to drive 

two different motor independently. The direction and 

rotational speed of motor can be controlled by using this IC. 

There are two power Pins in this IC, one (5 volt) for the IC to 

work, this must be connected to +5 volt supply. Another 

power pin is used to drive the motor, based on specification of 

motor.  

 

Figure 4: Internal Diagram of IC L293D 

In this project only one drive motor is used so only one set of 

drive IC pins are getting used. 

2.3 DC Motor 
DC Motor is a kind of electric machine, which transforms 

electrical energy into mechanical energy. In this project two 

12 Volts 500 RPM dc motor is used one as a motor and 

another one as generator. The Rotation per minute (RPM) 

speed of the  motor is controlled by using variable terminal 

supply voltage. A 12 volts DC motor is inexpensive, small 

and powerful enough to be used in many application such as 

tolls, toys and automobile mechanisms. 

 

Figure 5: 12 Volt, 500 RPM DC motor 

3. PLANT MODELING 
The interface of the hardware is done with the MATLAB 

Simulink toolbox as per block diagram shown in figure.  

3.1 Open Loop block diagram and 

response 
The open loop Simulink model of plant is shown in figure 5. 

The output response of the system is shown in figure 7. 

 

Figure 6: Open loop Simulation Diagram of the System 
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Figure 7: Open loop Output Response 

3.2 Transfer Function 
Transfer function of the hardware is estimated  by using 

System Identification  toolbox of  Matlab. 

Transfer Function 

45610 

 =  --------------------------------------------- 

s^4 + 32.28 s^3 + 525.1 s^2 + 11340 s + 54730 

3.3 PID Controller Design 
PID controller is still the most widely used controller in 

industries because of its simplicity and cost-effectiveness. The 

output of the controller depends on proportional Gain constant 

(Kp), Integral Gain constant (Ki) and Derivative Gain 

Constant (Kd). The mathematical equation of the PID 

controller is given below. 

u(t) = Kp * e(t) + Ki  *  ∫ e(t) dt + Kd  * 
𝑑

𝑑𝑡
 e(t)  ……(1) 

U(s) = (Kp + Ki * 
1

𝑠
 + Kd * s) * E(s)               ...….(2) 

The tuning parameter of the PID Controller (Kp, Ki, Kd), is 

optimized by using the auto-tuning feature of PID Controller 

on Matlab.  

Controller Transfer Function 

0.01 s^2 + 0.01 s + 1 

= s 

4. CLOSE LOOP SIMULINK MODAL 

WITH OUTPUT RESPONSE 
The close loop Simulink block diagram is shown in figure 8. 

PID controller is used control the rotational speed of DC 

motor. The output response of the system is shown in figure 9. 

Where blue line represents the step input and yellow line 

represents the output of the system. The oscillation around the 

steady state is because of the noise present in the system.  

 

Figure 8: Close Loop simulation diagram of the System 
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Figure 9: Close loop Response of the system 

5. RESULTS 
The objective of this project was to develop a low cost 

hardware, which may be used to test different controllers 

designed in Matlab Simulink. The PID controller is designed 

in Matlab and tested with this hardware. The performance of 

the PID controller is satisfactory as shown in figure 9. 

Furthermore same hardware can be used test other controllers 

designed in Matlab. Instead of PID controller block in figure 8 

other optimized controller block can be used to test the 

performance of controller with the hardware. 

6. CONCLUSION 
In this paper, the real time hardware in loop control of a DC 

motor setup by using PID controller with Arduino Mega 

Board is presented. The main objective of this project is to 

create a low cost platform for better understanding, 

implementation and real time testing of different controllers 

developed in industries and  laboratories for training purpose. 
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