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Abstract: In this paper, our main aim is to automate servo and dc motors using desktop application for industrial automation. Here we
have designed a desktop application using python and interfaced the application with the microcontroller. As microcontroller, Arduino

Uno ATMEGA328P/ Mega 2560 has been used to automate servo and dc motors. These motors have wide application in industry
where robotic arm or conveyer belts are used in the production unit. This application reduces human efforts and the accuracy in pro-

duction can be enhanced.
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1 INTRODUCTION

Introduction:

In earlier ages, manual control of the machines in the industry
required large man power and tremendous human efforts were
needed to operate them. In the era of automation, these efforts
have been reduced to a large extent by introducing robots and
automotive machines in the industry. In earlier days, the accuracy
in production was a major challenge due to manual operation
which has been greatly improved with the help of automation.
With the technological advancement, many industries now use
desktop applications for automation and monitoring [1-4]. How
industrial automation can be accelerated has been discussed in
[5].

Like industrial technologies described in [1-4], we have also fo-
cused on the application based hardware control and monitoring.
In most of the industries, there is mechanical operation for con-
trolling dc motors and servo system. Here our aim is to control
the motors electronically by using a desktop application. There is
computing system which sends the control data to the microcon-
troller. Microcontroller processes the data and sends command to
the motors accordingly.

Servo Motor Operating Principle:

Servo motor is an electromechanical system which changes the
arm connected to the motor by changing the angle. Servo motor
is operated by magnetic flux which is controlled by the electrical
pulse applied to it. If the pulse width is changed and the amount
of magnetic flux generated is also changed. This method is called
pulse width modulation (PWM). If the pulse width is large then
the amount of driving current to the motor circuit is quite large
which increases the magnetic flux in the circuit. Thus the angle of
the servo motor is changed proportionately. Similarly, small pulse
affects the flow of current to the circuit and the magnetic flux is
reduced to change of angle.

If T is the period of a pulse and T, is the time interval for the
pulse to be high then T is called the pulse width of the signal.
(2 100] is called the duty cycle of a pulse. If the duty cycle is
less than 50% then the current to the magnetic circuit is small
because the magnetic flux is directly proportional to the trigger-

ing angle which is basically the pulse width discussed above.
Similarly if the duty cycle is greater than 50% then the current is
large which results in high magnetic flux and the current is large
accordingly. The following equation shows the relation between
magnetic flux (®) and magnetic current (I).
®=nBA=nuHA=nPA (/L)
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where, n=no. of turns in the motor, B=magnetic field,
H=magnetic intensity, p=permeability of the medium, A=cross
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Fig. 1 Change of angle of rotation with the change of pulse width
for servo motor

The period of the repetition pulse sent to servo motor is 20ms as

set by the manufacturers. It has a tick event which triggers the

motor to rotate. The change in pulse width per degree rotation is

(= = 1000 = 5.5) microseconds. Thus for Neutral position of

the motor, the default pulse width is (20 = 5.5 = 495) microsec-
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DC Motor Operating Principle:

DC motor is also an electromechanical system which is operated
by electrical pulses. Like servo motor, speed of dc motor can also
be controlled by changing the amount of magnetic flux applied to
it. The commutator and the brush help the flow of current in al-
ternative direction when an electrical pulse is applied to the mo-
tor. Its speed is also controlled by PWM technique discussed ear-
lier. The applied voltage and the magnetic flux are related as fol-
lows.

¢ =VT (2)

where, T is the applied pulse width. Now, we know that
®=nBA=npuHA=NnPA(I/L). Thus we get the relationship between
the applied voltage and the magnetic current, which flows
through the armature of the motor, as shown below.
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DC motor is connected in H-bridge configuration for bidirection-
al movement. In H-bridge, there are four switches connected at
the two arms and the motor is connected in the middle of it. Fig.
2 shows the v V  esareonto
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Fig. 2 H-Bridge connection for dc motor

Proposed Technique (application development):

The proposed technique is based on the creation of application to
set the values of the angle of servo motor and DC motor. The
application is desktop based and it has been designed using Py-
thon language. Next, the application has been interfaced with the
microcontroller and the motors have been controlled by the mi-
crocontroller by taking the values from the application. We have
created a user interface where two Sliders (Scale) have been used
to control the servo and the dc motors.
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Fig. 3 The desktop application to control the servo motor and the
DC motor
An application has been designed using python to control the
servo and the DC motor. The first slider is used to set the angle of
the servo motor. The second slider is used to control the speed of
the DC motor. The first slider has the angle range from 0° to 180°.
The speed of the motor can be mapped into 8 bit representation
whose numeric range is from 0 to 255. The maximum speed is
achieved when the speed value is set to 255. The application in
Python language has been developed using the Tkinter library
which is useful to design graphical user interface. For communi-
cation with the microcontroller another library has been used
which is called Pyserial. This library establishes serial communi-
cation between between the software IDE and the hardware. In
this library, the port number and the baud rate for the data trans-
mission is set by which the device, that is the microcontroller, is
identified. The design algorithm is given below.
Algorithm:
Step 1: Create a label for the servo motor using the Label()
method in-built in Tkinter.
Step 2: Create a slider for the servo motor control using the
Scale() method.
Step 3: Create another label for the dc motor.
Step 4: Create another slider for the dc motor speed control.
Step 5: Create a button using the Button() method and call a
function which takes the values from the sliders, convert into
string and send it to the microcontroller when the button is
clicked.
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Fig. 4 The python program for generation of graphical user inter-
face using Tkinter

Fig. 4 shows the complete program to generate the user interface
for the servo and dc motor control. When the mainloop() method
for the Tkinter object is executed then the window shown in Fig.
3 is displayed. For serial communication, the data is converted to
string and then the string is converted to byte using the encode()
method which is based on the Unicode Transformation Format
(UTF-8). This format converts alphanumeric characters to byte or
byte to alphanumeric characters.

After the execution of the program, when the application window
is open, then set different values of the sliders. If we want to print
the values of the sliders then it looks like the figure shown below.
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oscillator. When the board is connected to the computer where
the Python program runs then in the Arduino IDE, the port num-
ber is shown which is given in the python program for serial
COMTUNG e o vt T 0
ClockCY Fie it sketch Tools Help e clock
cycles p
clock fr

rve the

=c) period_count | Arduino

File Edit Sketch Tools Help

period_count

X;

oid setup() {

// put your setup code here,
Serial.begin(9600);

}

void loop() {

// put your main code here,
X= clcckC_fclesPerFlcrnsecond{) H
Serial.println(x*1000000);
delay(100);

}

Fig. 5 Program to observe the frequency of the microcontroller

to run repeatedly:

If the output of the above mentioned function is multiplied by 10°
then the actual clock frequency is obtained which is shown in
Fig. 6. Here “Serial.begin()” function initializes the serial com-
munication between the microcontroller and the device connected
to it. The IDE has its own connection with the serial monitor via
serial communication. The argument, inside the function i.e.
9600, is the baud rate which is defined as the rate of change of
symbols per second.

Python 3.7.3 (v3.7.3:efdeceedl2, Mar 25 20193, 21:26:53)

[M5C .1916 32 bit (Intel)] on win3Z2

more information.

Type "help"”, "copyright", "credits" or "license ()" for
oo d

RESTART: D:\4th_year project_2019 2020\servo_control.py
148,101

Python 3.7.3 (v3.7.3:efdec6ed12, Mar 25 2019, 21:26:53) [MSC v.1916 32 bit (Intel)] on win32
Type "help", "copyright", "credits" or "license()" for more information,
»>

= RESTART: D:\dth year project 2019 2020\servo_control.py

90,225
>

Fig. 5 Slider values are shown in the Python Idle console when
the button is pressed

Fig. 5 shows the values of the sliders at the Python Idle console
after the button is pressed.
Development of hardware program:
In this project, we have used Arduino Mega 2560 board for pro-
gramming. Arduino Uno ATMega328P board can also be used.
Arduino is run by 16MHz frequency which is given by a crystal

rvo_control.py
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Fig. 5 Observation of frequency

Servo motor is attached with any of the PWM pins which is indi-
cated on the board. The pin generates PWM output which sets the
angle of the motor. The pulse width of the signal is fixed by the
integer input sent by the python application. Similarly, to control
the speed of the dc motor, the motor is connected to PWM pin
and the value of the speed is set by the python application. The
Embedded C program for Arduino has two main functions: (1)
setup() and (2) loop(). “setup()” function is executed once
whereas “loop()” function is executed for indefinite time. In the
“setup()” function, the input and the output ports are declared. In

the “loop()” function, the main program is executed. Fig. 6 shows

the program for servo motor operation.

 seno st ain | i L5 T Y

File Edit Sketch Tools Help

servo_test_arduino

#include<Servo.h>
Servo servo:

cid setup() {
// put your setup code here,

servo.a

to run once:

}

veid loop()

// put your main code here, to run repeatedly:
if(Serial.a le())
{

b=Serial.readString();

delay(100);
}

Fig. 6 Embedded C program for servo motor operation
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Fig. 7 Verification of the program by simulation

Fig. 7 shows the simulation program window to verify the pro-
gram of servo motor operation.

D de.motorrest | Arduino 163 I

File Edit Sketch Tools Help

de_motor_test

in code here, to run repsatedly:
Ele())

Fig. 8 Embedded C program for dc motor test
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{. -
=i
}
P
for(int i=0;i<j;i++)
b S A T C+=b[i];
Fie find Extcute Options Configure VaiUpdates Windows Help
OMes LTINMELEDL MLYT }

for(int i=j+1;i<k;i++)

const int domes;

String b; {
void setup() { -

11 put your setup code here, to run once: —_ .
pinvode(dcn, WTRUT); ‘ d+_b[l] !
Seris).begin(9600);
analogheite(dcn,0); }
\ !

I 2 00 Serial.printin(c+' '+d);

it o) { : AB0000 B83RR0EE P ’

11 put yout safn code here, to run repeatedly:
16(Serfal.availavle())

servo.write(c.tolnt());
analogWrite(dcm,d.tolnt());
C=IIII;

d=llll;

delay(1000);

H nadaes nensmnre
baSerial.readstring();

].u.wlnt(n
analogirite(den, §);
delay(100);

}

//the *int eain()* below s IMPLICIT dn Arduino
//but s shown here EXPLICITLY by Unoarduste
int main()

setup();
whilaltrue)

i 2100 . FRR

be 2
HERREE

nan

Experimental Result:

Fig. 8 \erification of the program for dc motor test

Figs. 7 and 8 show the Embedded C program for dc motor test
and the verification of the program by simulation. Here all the
programs have been verified using UnoArduSim simulator

Complete program for servo motor and dc motor operation in
Embedded C:

#include<Servo.h>

Servo servo;

inta=2;

intjk;

String b="120,170",c="",d="";

const int dem=5; Fig. 9 Servo motor angle movement to Q°
void setup() {

pinMode(dcm,OUTPUT);

Serial.begin(9600);

servo.attach(3);

}
void loop() {
if(Serial.available())

b=Serial.readString();

}
k=b.length();
for(int i=0;i<k;i++)
{
if(b[i]==",")

IJSER © 2019
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 10, Issue 9, September-2019 1646

ISSN 2229-5518

Fig. 10 Servo motor angle movement to 90°

Fig. 11 Servo motor angle movement to 180°

Figs. 9 to 11 show the angle movement of servo motor using the
desktop application which has been created in Python language
and shown in Fig. 3. Figs. 9 to 11 show the movement of the ser-
vo motor for the slider positions 0%, 90° and 180° respectively.

Conclusion: In this paper, desktop application based industrial
automation technique was shown. Basically we operated the dif-
ferent motors like servo and dc motors using the Python based
desktop application. As per the literature survey, this kind of
desktop based hardware control operation was new to best of our
knowledge. Our next target would be the monitoring the function
of different sensors using the desktop based application.
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