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Abstract (in English, 250 words or less):

In this project we are going to build an Arduino car that will be able to be
autonomous. We’re going to add a sensor with a servo, which is going to be
turning around from 0° to 180°.So It'll figure out how near or far are the
obstacles from the car. It'll dodge all the interferences that might be in his way,
hence the car will be allowed to be in his own without getting hit by any
obstacle. As a consequence the car will be a autonomous.
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1. Introduction

1.1 Context

e We build an arduino car from the scratch. This is not relevant, but
we decided to start this project because we like autonomous
robots and we’ve inspired in others autonomous robots, like the
famous vacuum cleaner or militar ones.

e We want our car to dodge any kind of obstacle, changing his path
and keep going.

Example of a military robot:

1.2 Goals

Work like a team to create an Arduino car.

Build a car ( Hardware )

Programme an Arduino board ( Software )

Initiate us into the programmation world ( Arduino IDE )
Build an autonomous Arduino car. (Main goal)

abkwn =

2 Military robot.
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Explanation:

- Our main goal is build up a car in our own from scratch, thus we’ll get into
the hardware assembly. The hardware will be controlled by the arduino
motherboard, which will be computed by our code. Being the first time we
compute. We want the car to be a autonomous one that will dodge any
obstacle on it's way. The car won't follow any path, he will choose a random
path, that way, it'll be autonomous. The car will be similar to the famous
vacuum cleaner known as “Roomba”.

1.3 Working method

- Our working method consist in building a car from scratch. Thus we can
customize our car, either physically or the arduino code. So we can use
different materials.

-  We didn’t want to buy a car and personalize it. Cause we believed that it
would be so much easy if we did this. Our mainly job would’ve been
computing the code of the Arduino.

% Vacuum cleaner (Roomba).
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https://www.amazon.es/ECOVACS-Robotics-DEEBOT-N79S-Smartphone/dp/B077HW9XM7/ref=sr_1_1_sspa?ie=UTF8&qid=1550563627&sr=8-1-spons&keywords=rumba+aspiradora&psc=1

1.4 Project plan

See diagram

Tasks:
e Materials
o Choosing materials
o  Buy materials

e Mounting
o Car montage

e Code
o Search program code
o Our code

e Document
o Doing the TR Document

e Web page
o Creation of the website



https://docs.google.com/spreadsheets/d/1QUgFG5xP8jn9BZcyo5-1Mfi27xM0VKxs68xIKLplzQ8/edit?usp=sharing

Gantt diagram (/n red the delivery date)

e February

CALENDAR
Institut Puig Castellar SMX2 A
Alejandro Mallén y Juanmiguel Sequra Project starts: | 14722019
Display month: | [February 1,2019 February 18, 2019 [February 25, 2019
i A ERE] % | 26| 21
ASSIGNED TO PROGRESS START
| sore01s | timmors
14/2/2019 21/2/2019
|cALENDAR 4 the delivery dat
Institut Puig Castellar SMX2 A
Alejandro Mallén y Juanmiguel Segura Project starts: | 14/2/2019
Display month: | [March 1, 2019 ; March 18, 2019
ASSIGNEDTO  PROGRESS START
Car montage Juanmi/Alsjandro 21/2/2019
April
6 CALENDAR

Institul Puig Castellar SMX2 A L
Alejandia Mallén y Juanmiguel Segura Project starts: ‘ 141212019 ‘

Display month: | [Aprit1, 2018 [apit 4, 2019 [april 11, 2019 [Apri 18, 2019 [Apit 25, 2018
1

ASSIGNED TO PROGRESS START

e May

Institut Puig Castellar SMX2 A

Alejandro Mallén y Juanmiguel Sequra Project starts: | 147212019 |
Display month: | [May 1,201 May 27,2019

ASSIGNED TO PROGRESS START

4 February gantt diagram.
® March gantt diagram

5 April gantt diagram

" May gantt diagram
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1.5 Products obtained
e The products we need are the following ones:

Arduino Uno Rev3

Smart Robot Car Chassis

Motors controller(Neuftech L298N)
Ultrasound sensor.

Wires from male to female.

Wire from female to female.

Wires from male to male.

One servo

Printer 3D

0O O O 0O 0 O O O O

1.6 Memory description

Materials:

In this section we’ll explain what kind of materials we’ll need in the
future so we can carry out our project. We have to look out for
others similar Arduino projects on the internet, so we can find out
what materials do we need and the exactly arduino model.

We’'ll also explain where did we get all the materials, that is to say,
in which web pages we did buy it and why we did choose this web

page.

Assembly:

In this section we’ll explain how we did build our car. For it we had
to check other Arduino projects and assembly diagrams, so we
know how to connect all the wires at the mother board properly.
And where to place all the components in the chassis.

Computing:

In this chapter we’'ll explain how we did compute the code and
why we did that. Cause we compute it so our car can do what we
want him to do. Later on we’ll explain the code (sentences,
variables...)

Website:

In this section we’ll show our web page, where we will upload the
documentation and other stuff related with the project. Thus it
would be easier to get to our documentation.

10



2. Materials

2.1 Searching

We’ve been looking for for the required materials in differents blogs and
web pages, you can check at the annex. We'll buy differents materials
depending on what we want the car to do.

We’ll need for the car: a chassis, which it includes motors and tires, the
arduino motherboard, the motors controller which will keep an eye of the
speed and the wheels, a ultrasound sensor and last but not least the
servo and thanks to this one the car will be able to locate all the
obstacles. So the car will dodge them.

11



2.2 Budget

Materials and purchase links:

Arduino Uno Rev3 Smart Robot Car Chassis

ARDUINO UNO REV3

Code: ADODOB6

Motor controller (Neuftech L 298N) Ultrasound sensor
10

13

8 Arduino motherboard
® Car chassis

0 Motor controller

" Ultrasound sensor
2 Wires

3 Servo

Index 12


https://store.arduino.cc/arduino-uno-rev3
https://www.amazon.es/perseids-Chassis-Arduino-Encoder-Velocidad/dp/B07DNX1DX9/ref=sr_1_10?ie=UTF8&qid=1548150840&sr=8-10&keywords=coche%2Barduino&th=1
https://www.amazon.es/Neuftech-Puente-conductor-controlador-arduino/dp/B01KBTNHS6/ref=sr_1_4?ie=UTF8&qid=1548151513&sr=8-4&keywords=l298n+arduino
https://www.amazon.es/Neuftech-ultrasonido-transductor-medici%C3%B3n-distancia/dp/B00PQB8GWM/ref=sr_1_5?ie=UTF8&qid=1548159968&sr=8-5&keywords=sensor+infrarojos+arduino
https://www.amazon.es/AptoFun-DuPont-Arduino-Raspberry-Breadboard/dp/B078RKZ745/ref=sr_1_16_sspa?s=computers&ie=UTF8&qid=1550073521&sr=1-16-spons&keywords=cable+arduino+hembra+a+hembra&psc=1
https://www.amazon.es/Plane-Futaba-Compatible-Standard-Arduino/dp/B01F04T9AM/ref=cm_cr_arp_d_product_top?ie=UTF8

2.3 Description and use

Arduino Uno Rev 3:

e This is the exactly arduino model that we need to develop our
project. We've been consulting differents blogs and web pages
looking for other arduino projects and we reached the conclusion
that we need this one. We decided to buy the original model, it's
more expensive than other chinese models that are cheaper. But
there aren’t troubles with drivers which the chinese one has. We
did buy it at the arduino official page.

Smart Robot Car Chassis

e This is the chassis that we've chosen to build up our arduino car.
As we said, we’ve been looking for others arduino projects and we
decided the buy the 3 car tires. By doing so the car will need less
energy to work.

e The chassis we decided to buy includes the two necessaries
motors, the three tires, bolts and the necessary tools so we can
assemble it.

Motors controller

e The motor controller is able to handle the two motors. We've
chosen the L298N model which is the best to build up little arduino
models. The motor controller is essential to develop our car.

Ultrasound sensor

e The ultrasound sensor is implemented in our arduino car, which
will allow him to finger the obstacles on it's way and thanks to that
the car will be able to dodge all the obstacles. The ultrasound
sensor model is the HC-SR04, and is the most common sensor
used to this kind of projects. The sensor will be spinning thanks to
a servo, which will spin 180°, as we said, thanks to that the car will
be able to identify the obstacles.

Servo
e As we said, we we’'ll use one servo. In that way, the sensor can
scan thanks to the servo that will be spinning 180°.

Wires

e We'll need different kind of wires to build our Arduino car, like:
from female to female / from male to male and from female to
male. All of these wires will allow us to connect all our materials,
as the ultrasound sensor, the servo, the motor controller and the
Arduino motherboard.

13



3. Assembly

3.1 Chassis and motors
- We prepare the motors, chassis and the bolts as you see in the next
photo.

- Once we get all the materials we get ready to start the assembly.

- First, we attach the motors to the chassis and we screw up the bolts. The
chassis has holes so you can screw the bolts there. When we have one
of the two motors correctly attached to the chassis we do the same with
the other motor at the other side.

-  When we are done with the motors we fit in the wheels to the motors.
15 16

' Preparing all the materials to assemble the chassis.
'® Attaching the left motor.
16 Attaching the right motor.
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3.2 Arduino
- In the second place we have to put the Arduino motherboard in the

chassis without screwing it up.

17

2019-2-13 16:53

- Now, we put the battery in the chassis too.
- At the start we decided to put a set of batteries, 4 batteries of 2V each
one. But it didn’t provide the required energy to the car. So we changed it

for one battery of 9V and a higher amperage.
18

2019-2-13 1675614 2019-3-26 09:26

7 Putting the arduino motherboard in the chassis.
'8 putting the set of batteries underneath the chassis.
'® Changing the set of batteries for one bigger battery.

Index 15
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- Later, we had to put two 9V batteries in series so that the voltage
doubled, as there was not enough power in a single battery to make all
the car's components work.

3.3 Motor controller

- In the third place we put the motor controller in the chassis. And we put it
at the front of the chassis, where there are many holes to a anchor it.

- When we have the motor controller ready we attach it with bolts.

- As you can see at the previous photo we've just connected the wires.
- We'll show you up a diagram that we used of the wire connections,

Wire diagram

- In this diagram we can see how to connect the wires from the

motherboard to the motor controller and motors correctly.
21

22

Vin GND

Jumper regulador

Viggieo

20 Attaching the motor controller to the front of the chassis.
2! Wire diagram 1.
2 Wire diagram 2.
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3.4 Servo and ultrasound sensor

- In the fourth place, we have to put the servo and the ultrasound sensor,
these are the last materials that we have left. We put them in the front of
the chassis after the motor controller as you can see at the next photo.

- We need the ultrasound sensor to be above of the servo. So we attach it

to the servo with a rubber band, for now.
23

2019-2-28 15:04

- We knew that we couldn’t attach the sensor to the servo with a rubber
band so we designed a chassis for the sensor. So it could hang in there
without falling.

- If we want to build something like that we have to measure the sizes of
the sensor. So we cut the sheet correctly. The sensor has two kind of

eyes that are protunding so we have to make two holes on the sheet too.
24

25

‘ 2019-3-13 20:05 2019-8 118, 20:05

23 First ultrasensor carcass.
24 Second ultrasensor carcass 1.
25 Second ultrasensor carcass 2.
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At the fifth place we connect the wires from the servo and the sensor to
the motherboard.

At first we have some troubles with the connection of the wires. The
diagram sais that we have to connect the sensor and the servo to the 5V
socket of the motherboard, but there is no need to do that. We plugged in
the servo at the 3.3V socket instead of the 5V one and the sensor to the
5V one.

Servo Sensor ultrasonido
26

27

fritzing

Finally, when we’ve decided where to put all the components at the
chassis we attach them to it.

% Servo wire diagram.
27 Sensor wire diagram.

Index
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3.5 Distribution
The distribution is the following one, from the back to the front:
The Arduino motherboard is at the back.
Following the motherboard we have the battery.
After the battery we have a switch.
At the front of the chassis there is the motor controller.
In the sharp end of the chassis is attached the servo with the
ultrasound sensor above.

28

201676-29) 11:55 |

3.6 Fastenings

- The Arduino motherboard is fastened for his own carcass. We attach it
screwing up the holes from the carcass and holes of the chassis.
- The battery is attached with silicone.

- The motor controller can hold there thanks to the bolts we did screw.

- The servo is fastened for the velcro we put at the front of the chassis.

- The ultrasound sensor, as we explained, is attach to the servo thanks to
the metallic sheet we did.

28 Distribution.
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4. Computing

4.1 Arduino IDE installation

- We need the Arduino software called Arduino IDE, so we can program
the car.

-  We can download Arduino IDE from the official Arduino web page. We

have to download and install it. For the installation:
29

Windows installer, for Windows XP and up
Windows zip file for non admin install

ARDUINO 1.8.9 Windows app rRequires Win 81 0r 10

The open-source Arduino Software (IDE) makes it easy | Get 58 |

to write code and upload it to the board. It runs on ; :

Windows, Mac OS X, and Linux. The environment is -
% written in Java and based on Processing and other open- Mac OS5 X10.8 Mountain Lion or newer

source software.

This software can be used with any Arduino board Linux 32 bits

Refer to the Getting Started page for Installation Linux 64 bits

instructions.

Linux ARM 32 bits
Linux ARM 64 bits

Release Notes
Source Code
Checksums (sha512)

- We chose Linux 64 bits or 32 bits, it depends on your computer.

-  We save the .tar.xz.
30

S'esta obrint arduino-1.8.9-linux64.tar.xz

Heu kriak obrir:

arduino-1.8.9-linux64.tar.xz

que és: arxiu XZ (116 MB)
des de: https://downloads.arduino.cc

Qué hauria de fer el Firefox amb aquest Fitxer?

Gestor d'arxius (per defecte) v

Desa el fitxer

Fes-ho automaticament per a fitxers com aquests a partir d'ara.

Cancel-la | D'acord

29 Arduino IDE.
30 Arduini.tar.xz insllation.
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https://www.arduino.cc/en/Main/Software

- We decompress it:
sm)cZarEtorva'Lds 113:~/BaixadesDime: tar -JIxvf arduino-1.8.9-1linux64.tar.xz

- Now we have to move the the following directory writing in the terminal
the following line:
- c¢d arduino-1.8.9/

-  We execute it with the command sh install.sh.

- If the installation it's going well, the terminal will print the following lines:
32

smx2a@torvalds-113:- arduino-1.8.9Dime: sh install.sh

Adding desktop shortcut menu item and file associations for Arduino IDE.

m: no s’ha pogut eliminar '/usr/local/binfarduino': El fitxer o dlrECtOFI no existeix
Removing symlink failed. Hope that's OK. If not then rerun as root with sudo.

m: no s’ha pogut eliminar '/usr/local/bin/arduino’': El fitxer o directori no existeix
Removing symlink failed. Hope that's OK. If not then rerun as root with sudo.

n: no s’ha pogut crear 1’enllag simbolic '/Jusr/local/bin/arduino': S’ha denegat el permis
fdding symlink failed. Hope that's OK. If not then rerun as root with sudo.

done!

smx2a@torvalds-113:~/Baix arduino-1.8.9Dime: I

Finally, we have the Arduino IDE installed.
33

dj. 14:16

©.0)

Arduino IDE

31 Arduino directory.
%2 Arduino IDE installation.
33 Arduino IDE.
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4.2 Code

4.2 .1 First code

We found the structure of the code on the Internet, and we adapted it.
In this chapter we are going to explain the code, even it has comments
that explains it itself.

- The code:

A/ Incluimos la libreria para controlar el servo y el sensor de ultrasonido
#include <Servo.h=
#include <NewPing.h=>

// Agul se configuran los pines donde debemos conectar el sensor
#define TRIGGER_PIN 2

#define ECHO_PIN 3

#define MAX_DISTANCE 200

/7 Variables del motor A

int ENA = 6;
int IN1 = 13;
int INZ2 = 12;
4/ Variables del motor B
int ENB = 5;
int IN3 = 11;

int IN4 = 10;

S/ Variable del servo
Servo servoMotor;

44 Indicamos la variable de 1la velocidad
int vel = 908;

34

The beginning of the code are just comments.

- As you can see, we added the required libraries for the correct running of
the servo and the ultrasound sensor.

- We have to define the pins that are connected to the Arduino
motherboard. We define the define the pins connected to the A motor
and the B motor.

- The variable of the servo is servoMotor.

- We adjust the speed of the car with the variable vel, thus we can change
the speed of the car whenever we want.

34 Arduino code 1.
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// Funcion de setup

vold setup() {
Serial.begin(9600) ;

// Declaramos todos los pines como salidas
pinMode (ENA, OUTPUT) ;

pinMode (ENB, OUTRPUT);

pinMode (IN1, OUTPUT) ;

pinMode (INZ, OUTPUT) ;

pinMode (IN3, OUTPUT) ;

pinMode (IN4, OUTRPUT);
servoMotor.attach(9); // Declaramos el servo para gue trabaje con el pin 9

}
35

- That’s the variable where we define the pins and the servo are outputs
that we've already declared.

- With the Adelante variable we can make the car go forward. With the
Atlras variable we make the car move backguards. With the /zquierda
and Derecha variable we move the car left or right. With the Parar
variable we make the car stop.

36

void Derecha (int time)

{

//Direccion motor A

digitalWrite (IN1, LOW);

digitalWwrite (IN2, HIGH);

analogWrite (ENA, vel); //Velocidad motor A
//Direccion motor B

digitalWrite (IN3, HIGH);

digitalWrite (IN4, LOW);

analogWrite (ENB, wvel); //Velocidad motor A

delay(time) ;

// Funcion para parar el coche
void Parar(int time) {
//Direccion motor A
digitalWwrite (IN1, LOW);
digitalWrite (IN2, LOW);
analogWrite (ENA, vel); //Velocidad motor A
//Direccion motor B
digitalWrite (IN3, LOW);
digitalWwrite (IN4, LOW);
analogWrite (ENB, vel); //Velocidad motor B
delay(time) ;

35 Arduino code 1.
3% Arduino code 1.
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void Izquierda (int time)
i
//Direccion motor A
digitalWrite (IN1, HIGH)
digitalWrite (IN2, LOW);
analogWrite (ENA, wvel);
//Direccion motor B
digitalWrite (IN3, LOW);
digitalWrite (IN4, HIGH)
analogWrite (ENB, wvel);

delay(time);

void Adelante (int time)
{

//Direccion motor A
digitalWwrite (IN1, LOW)

37

r

//velocidad motor A

r

//velocidad motor B

38

r

digitalWwrite (IN2, HIGH);

analogWrite (ENA, wvel);
//Direccion motor B
digitalWrite (IN3, LOW)

//velocidad motor A

r

digitalWrite (IN4, HIGH);

analogWrite (ENB, 97);

delay(time) ;

void Atras (int time)

{

//Direccion motor A

//Velocidad motor B /

digitalWwrite (IN1l, HIGH);

digitalWrite (IN2, LOW)
analogWrite (ENA, vel);
//Direccion motor B

r

//Velocidad motor A

digitalWrite (IN3, HIGH);

digitalWrite (IN4, LOW)
analogWrite (ENB, vel);

delay(time) ;

r

//Velocidad motor B

- As you can notice at the speed variables if the car moves forward the two
motors (IN2 and IN4) accelerate forward. But if the car has to move
backwards the motors (IN1 and IN3) accelerate to the opposite direction.

7 Arduino code 1.
% Arduino code 1.
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- If the car moves to the right the motor A move backwards with the IN2
variable and the A motor moves forwards with the IN3 variable. In that
way the car will turn right. But if the car has to move left it does the
opposite.

- If the car stops it's pretty simple, the motors just stop working and it
doesn’t move.

Observation
- As you can see, we add to the functions the variable called time. That
variable defines the time required to exec the function when they are
called in the code.

4.2.2 Second code
- Inthe second code we’ve just add the servo function called move_servo.
- With the move_servo function we make the servo always move from left
to right and when it gets to the right it moves to the left.

39

// Funcion para mover el servo
void move servo() I
// Vamos a tener dos bucles uno para mover en sentido positivo v otro en sentido negativo

// Para el sentido positivo
for {int 1 = 0; 1 <= 180; 14+=5) { // i =1+

// Desplazamos el servo al angulo de la variable i, cada vez se ira incrementando.

w

servoMotor.write (i) ;
// Hacemos una pausa de 25ms por cada cambio de angulo
delay ({1},

}

// Para el sentido negativo

for (int i = 180; i > 0; i-=5) { // i =i -

servoMotor.write (i) ;
delay ({1},

wl

% Arduino code 2.

Index 25



As we can see in the code, in the servo function, we have added two for
loops, one in a positive direction, which is fulfiled when the variable i is
smaller than 180 and, it is moving the servo to the degree of the number
of the variable /, and another loop in negative direction that does the
same but it is always fulfilled that the variable i is greater than 0.

In our servo, the O degree is found when the servo is completely turned
to the right, and the degree 180 is found when it is turned completely to
the left. Because our servo works by degrees, in our code the j variable
is a variable that assigns the degree to which the servo has to move, so,
we make it increase 5 degrees each time it rotates. So we get the servo
to go from right to left increasing 5 consecutively.

4.2.3 Third code

40

We add the move_servo function.
The move_servo function makes the car spin 0°, 90° and 180°.

/ Para el sentido positivo

for {int i = 0; i <= 180; i+=5) { // i = i +5
// Desplazamos el servo al angulo de la wvariable i, cada vez se ira
servoMotor.write (i) ;
// Hacemos una pausa de 25ms por cada cambio de angulo
delay(1l);
// Cuando el servo llega a 90°, llama al sensor y escanea

T2 Sy e et |1 |

sensor ultrasonido{i);

We add a new sentence so when the servo is at 90° (the middle), it calls
the servo ultrasound sensor if there are obstacles.

When the loop for ends in a positive way, the servo will be at 180°, then it

will call the ultrasound sensor function.

40 Arduino code 3.

Index

26

incrementando.



41

for {int i = 0; 1 <= 180; i+=5) { // 1 =i 45
// Desplazamos el servo al angulo de la variable i, cada vez se ira incrementandc
servoMotor.write (i) ;
// Hacemos una pausa de 25ms por cada cambio de angulo
delay(l);
// Cuando el servo llega a 90°, llama al sensor y escanea
if {1i=190)1

sensor ultrasonido(i);

¥
// Cuando acacava de hacer el bucle que esta en 180° llama al senscor
// Le pongo 180 porgue el servo esta en el grado 180

sensor_ultrasonido (180);

- Now, we do the same loop for but in a negative way, it calls the servo
when it's at 90° and it goes to 0°.

42

// Para el sentido megativo

for (int i = 180; i > 0; i—=35) ! fAi=41i-5
servoMotor.write (i) ;
delay{l);
// Cuando el servo llega a 90°, llama al sensor y escanea

if (i =80 ) {
sensor_ultrasonido(i);

1
L

// Cuando acacava de hacer el bucle gue esta en 0% llama al sensor
// Le pongo 0 porque 1 servo esta en =1 grado 0

sensor ultrasonido(0);

- We call the sensor_ultrasonido every time that the servo is at 0°, 90° or
180°. And we add to it the j variable, which is the degrees where the
servo is when calls the function.

4" Arduino code 3.
42 Arduino code 3.
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43

vold sensor_ultrasonido(int i) {
NewPing sonar{TRIGGER_PIN, ECHO_PIN, MAX_DISTAMNCE);
delay(25@); // Esperar 1 segundo entre mediciones
int uS = sonar.ping_cm(); // Obtener medicion del objeto en cm

// 51 hay un objeto en una distancia menor a 15
if ( uS && uS < 25) {

// Esta en la derecha, hago que pare y que gire a la izquierda
if (1 ==0) {

Parar(1000) ;

Izquierda(500) ;

Adelante(@) ;

}

// Si hay un obstaculo en medic hago que wvaya girando y vaya escaneando hasta que no hay
else if (i == 90){

Atras(500) ;

Derecha(5060 ) ;|

}

// Hay un cbstaculo en la izquierda, hago que gire a la derecha
else if ( 1 == 188) {
Atras(500) ;
Derecha(508Q) ;
Adelante(0);
}
}

// 51 no hay ningun objeto sigue adelante
else {

Adelante(@) ;

¥

s

At the beginning of this new function we call the NewPing library which
we import at the start of the NewPing.h code. Then we declare a new
variable and it will be the mediation between the obstacles and the
ultrasound sensor, measured in centimeters. We add to the function a
250 milliseconds delay.

As you can see, there is a sentences that if the ultrasound sensor spots
an object within 25 cm it scans in which position the servo is, the variable
i

If the i variable is at 0° it means that there is an obstacle on his right, so it
calls the Izquierda function so the Arduino can turn left.

If i is at 90°, it means that there is an obstacle right in front of the car. In
that case it calls the Derecha function and the arduino turns right.

If i is at 180° it means that the obstacle is on his left, so the arduino turns
right.

In the event that the sentence is not complied with an object within 25cm,
the arduino always moves forward and the ultrasound sensor keeps
scanning.

43 Arduino code 3.
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- Later, doing tests with the Arduino, we realized that it is not necessary for
the servo to turn completely 180 °, because it also captures the obstacles
by turning a little less, so we lower the turns from 180 ° to 155 ° and, on
the opposite side, from 0 ° to 25 ° , so the loop of the Move_servo

function remains this way:
44

/ Para el sentido positivo
for (int 1 = 25; 1 == 1B5; i+=8) { // 1 =1 45
// Desplazamos el servo al angulo de la wvariable i, cada vez se ira incrementando.
servoMotor.write(i) ;
// Hacemos una pausa de 25ms por cada cambio de angulo
delay(l);
// Cuando el servo llega a 902, 1llama al sensor y escanesa
if (1i==280)
sensor ultrasonido(i);
¥
1

// Cuando acacava de hacer el bucle gue esta en 1809 1lama al sensor
S/ Le pongo 180 porque el servo esta en el grado 180
sensor_ultrasonido(155) ;

/f Para el sentido negativo
for (int 1 = 165b; 1 = 25; i-=h) { // 1 =1 -5
servoMotor.write(i);
delay(l);
// Cuando el servo llega a 902, 1llama al sensor y escanea
if (1==2908) {
sensor_ultrasonide(i);

¥

- With the previous code there was a fault, and is that, when the servo
rotates completely to one side, did not give time to detect the object that
was in front, at 90 °, and then collided with this.

- Changing the code and dropping down the degrees to which it arrives to
rotate, we get that the servo has to rotate less and therefore gives time to
detect if there is any obstacle in the center and avoid it.

4 Arduino code 3
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5. Test

During the code modifications, although there haven’t been many
modifications, we have carried out tests to verify the correct functioning
of the code.

The first test that we did, we verified that the Adelante, Atras, Derecha
and Izquierda worked properly.

Later on, when we connected the servo and ultrasonic sensor to the
Arduino, we proved that the servo turned 180 °, and that the ultrasound
sensor, when detecting the objects showed us a signal. For example, a
change of direction in the direction of the wheels.

Once verified that all the components of our Arduino worked and fulfilled
the function that wore in the code, we started with the creation of the final
code.

Finally, we recorded the videos of the tests, once reached the final code.
The videos of the tests recorded in class can be seen in the gallery
section of our website.

45

/ 4

wa

Iméagenes Uideos

45 Web Images

Index

30
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46

46 Car image 1
47 Car image 2
48 Car image 3
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As we can see in the images, we put as obstacles chairs and tables lying
down in the class, creating a circle which the Arduino had to dodge all
obstacles without colliding with anything.

In this way, we could verify that the code works as expected and that,
when the Arduino detects an obstacle in the right turn to the left, if it
detects it on the left it turns to the right and if it detects it in the center it
rotates backwards and turns to one side.

32



6. Webpage

We’ve thought about making a Web page to promote our Arduino Car,
and at the same time, practice in the subject of WEB applications.

We've tried to make the website in a modern way, "one page". We will
create a menu where you can navigate the page. We've created the
page programming with HTML5, CSS and Jquery. We've also used PHP,
we will explain in a detailed way later.

6.1. Sections

49

The page has 4 sections, the sections are the following ones:
o Home.
o Features.
o Gallery.
o Contact.

6.1.1. Home

This is the home page where we show a photo of our Arduino Car, and
put some "posits" where we define our project with three adjectives.

Menu

- Inicio
- Caracteriticas

- Galeria

- Contacto | Qeultar

49 Arduino web 1
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6.1.2. Features

- It is the second page, we will put three circles and in each one of them
explain an important characteristic of our Arduino Car.

50

6.1.3. Gallery

- In this section, we will put two carousels, one with photos of our car and
in the other, we will put the three best videos of the tests.

51

Imagenes

%0 Arduino web features
% Arduino web gallery
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6.1.4. Contact

- Finally, we will have the contact section, where we will find data from the
project, and we will have a form to contact us. Later we will explain the

function of this formulary.

52

Contacto

Tramet la consulta

Cuphiheiiy

VI ETIESISOIIUSE
- Nosotros somos dos estudiantes de sequndo de Sistemes Microinformatics i Xarxes (SMX), y este es
nuestro proyecto de final de curso.

. 5
Hop g Apefutno?
- Hemos escogido para nuestro trabajo Arduino para iniciarnos, un poco, en la programacion y
porque és un proyecto que nos llama la atencién.

Oz 53 Ardfuitpi Cup?
- Arduino Car es el nombre de nuesiro proyecto. Este és un coche totalmente aulénomo, con un

sensor de ultrasonido que se encarga de esquivar cualquier obstaculo que se encuentre en su
recorrido.

P PSELICOTII GCLUTICOTINIOSO 0S4
- Si desea puede rellenar este formulario y le contestaremos en breve a su correo.
- También puede contactar con nosotros por e-mail:
Juan Miguel Segura: jmseguraf01@elpuig.xeill.net
Alejandro Mallén: amalleng01@elpuig.xeill.net

6.2. Web Code

- We've created the web page with HTML5, CSS, Jquery and PHP for the
contact formulary. Our web page is responsive. The web page is
uploaded in Gitlab, like Rusben taught us.

- With that code we can make our web page public.
https://jmseguraf01.gitlab.io/web-arduino/

2 .gitlab-ciyml 152 Bytes D

pages:
stage: deploy
script:
- mkdir .public
- cp.-r ¥ ,public
- mv .public public
artifacts:
paths:
- public
only:
- master

52 Arduino web contact
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- Thus, every time we edit the page code and upload it to Gitlab, the page
is automatically updated on the server, but, as we will explain later, we
will end up the Web page to a server on its own.

- You can check our web page code in that link:
https://qitlab.com/jmseguraf01/web-arduino

- A screenshot of each programming language we've used:

5 HTML
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% CSS
% Jquery
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% PHP
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6.3. Web server configuration

- Once we have the Web page finished we will host it on a Web server,
which we mount using Apache as a Web server..

6.3.1. Apache web server

- We will use Apache to host our web page in a virtual machine with an
Ubuntu Server 18.04, because it is a LTS version and offers us a longer
support time.

- We will use an OVA-linked cloning provided by our teacher BukTop:

57

" Clonar maquin

Tipo de clonacién

Seleccione el tipo de clonacién que desea crear.

Si selecciona Clonacién completa, una copia exacta (incluyendo todos
los archivos de disco duro virtual) de la maquina original seran creados.

Si selecciona Clonacién enlazada, una nueva maquina sera creada, pero
los archivos de las unidades de disco dure virtuales seran vinculados a
los archivos de disco duro virtual de la maguina original y no podra
mover la nueva maquina virtual a una computadora diferente sin mover
los originales también.

Si crea una Clonacién enlazada entonces una nueva instanténea serd
creada en la maquina virtual original como parte del proceso de
clonacién.

Clonaciéon completa

e Clonacién enlazada

< Anterior | Clonar Cancelar

- We install Apache.
58

usuario@lunojod:~5 sudo apt install apachez
[sudo] password for usuario:
Leyendo lista de paquetes... Hecho
Creando arbol de dependencias
Leyendo la informacion de estado... Hecho
Se instalaran los siguientes paquetes adicionales:
apachez-bin apache2-data apachez-utils libapri1l libapruf
Paquetes sugeridos:
wwWww-browser apache2-doc apache2-suexec-pristine | apac
Se instalaran los siguientes paquetes NUEVOS:
apache? apache2-bin apache2?-data apachez-utils libapri
® actualizados, 10 nuevos se instalaran, @ para eliminar
Se necesita descargar 1.730 kB de archivos.
Se utilizaran 6.978 kB de espacio de disco adicional desyg
;Desea continuar? [5/n]

% Clone MV
% Apache?2 installation
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- Once Apache is installed, we go to the directory where Apache saves the
web (/var/www), and we clone the repository of our page.
59

usuario@lunojod: fvar WS sudo git clone https://gitlab.com/jmsegurafel/web-arduino
Cloning into 'web-arduino'...

warning: redirecting to https://gitlab.com/jmseguraf®l/web-arduino.git/

remote: Enumerating objects: 138, done.

remote: Counting objects: 100% (138/138), done.

remote: Compressing objects: 100% (81/81), done.

remote: Total 402 (delta 70), reused 112 (delta 57)
Receiving objects: 100% (402/402), 206.11 MiB | 2.51 MiB/s, done.

- Once downloaded it, we will move the Web-Arduino directory into

var/iwww/html.
60

root@server-arduinocar: /var/wwwit 1
html/ web-arduino/
root@server-arduinocar: /var/ww
root@server-arduinocar: /var/

- We will not create any VirtualHost, we will only edit the default
VirtualHost and we will change the DocumentRoot to point to the
directory of the Aduino website.

- We edit the letc/apache2/sites-avaliable/000-default.conf file and we
add the following lines:

61

ServerAdmin jmsegurafﬂl@elpuig.xeill.nei

DocumentRoot /var/www/html/web-arduino

- As we can see, we change the mail of the administrator of the Web, and
the DocumentRoot.

- We reset the Apache service with the command systemctl restart
Apache2.

% Git clone web
80 Arduino web.
8" DocumentRoot
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- We can verify by putting the IP of the Web server that, we get directly the
Web page of the Arduino.

6.3.2. Mailutils mail server

- We will need to have an email server like Mailutils in our web server so
when they fill out and send the contact form, it fulfills its function that is to
send an email to the administrator of the page thanks to the code of
PHP.

We install PHP:

62

root@lunojod:~# sudo apt install php

Leyendo lista de paquetes... Hecho

Creando arbol de dependencias

Leyendo la informacidn de estado... Hecho

Se instalaran los siguientes paquetes adicionales:
libapachez-mod-php7.2 libsodiumz3 php-common php7.2 php

Paquetes sugeridos:

php-pear
Se instalaran los siguientes paquetes NUEVOS:
libapache2-mod-php7.2 libsodium23 php php-common php7.2
® actualizados, 10 nuevos se instalaran, O para eliminar
Se necesita descargar 4.003 kB de archivos.
Se utilizaran 17,5 MB de espacio de disco adicional despué
;Desea continuar? [5/n] I

- Now we change the hostname in the /etc/hostname file:

- We edit the /etc/cloud/cloud.cfg fil and we change the following lane:
63

preserve_hos

-  We restart the service.

52 PHP installation
% Preserve_hostname
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Once we've restarted the service we can install mailutils:
64

usuario@server-arduinocar:~5 sudo apt install mailutils
[sudo] password for usuario:
Leyendo lista de paquetes... Hecho
Creando arbol de dependencias
Leyendo la informacion de estado... Hecho
Se instalaran los siguientes paquetes adicionales:
guile-2.@-1ibs libgcic2 1libgsasl7 libkyotocabineti6v5 libltdl7 1iHj
1ibpython2.7-stdlib mailutils-common mysql-common postfix
Paquetes sugeridos:
mailutils-mh mailutils-doc procmail postfix-mysql postfix-pgsqgl pc
dovecot-common resolvconf postfix-cdb postfix-doc
Se instalaran los siguientes pagquetes NUEVOS:
guile-2.0-1ibs libgcic2 1ibgsasl7 libkyotocabineti6vs 1libltdl7 1ij
libpython2.7-stdlib mailutils mailutils-common mysql-common postfi
0 actualizados, 15 nuevos se instalaran, 0 para eliminar y 219 no ag
Se necesita descargar 8.900 kB de archivos.
Se utilizaran 43,1 MB de espacio de disco adicional después de esta
¢(Desea continuar? [S/n]

We select the default option.
65

Sin confiﬁuraciﬁn

Internet con «smarthost»
Sistema satélite
Solo correo local

<Cancel

84 Mailutils installation
85 Default installation
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- Once installed, the form will work and we send a mail so we can check it
out by doing a that:
66

Menu

Va Contacto

vombre:

E-mail:

jmseguraf01@elpuig.xeill.net

Mensaje:

Hola, este es el mensaje de prueba cuando estamos
configurando el servidor de correo.

Enviar consulta

- If we send it and we check it out on the mail of the administrador
(jmseguraf01@elpuig.xeill.net), we will see that it has worked.

- If we do the test in the institute it will give us an error, since mailutils can
not send emails to the institute's domain from the institute so we will

change the mail administrator and put my personal.
67

86 Contact email 1
87 Contact email 2
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-  We make sure it arrives.
68

o www-data <www-data@server-arduinocar. wifi.elpuig.xeill.net> 10:12 (hace 4 minutos) Y& 4
W parami ~

iPor qué esta en Spam este mensaje? Se parece a otros mensajes que se han identificado como spam
anteriormente.

Informar de que no es spam

Nombre del cliente: juanmi
. 5U correo és: jmseguraf0l @elpuig.xeill.net. y su mensaje és: Hola. este es el mensaje de prueba cuando estamos configurando el correo.

4, Responder ® Reenviar

- As we can see, the message arrives well but it arrives as spam. To avoid
this, we will have to link a Gmail account to the mail server so that the
messages do not arrive as Spam.

6.3.2.1. Link the Gmail Account

- To link a Gmail account to the mail server (Mailutils), the first thing we

will do is create an account for the project:
69

Coche Arduino
arduinocartri@gmail.com

Privacy

(Arduinocartr1?!)

- Once we have the account created, as we can see in the image above,
we have to change the settings to allow less unsafe applications to
access your account:

1. Go to your Google account.
2. In the Navigation pane on the left, click Security.

68 Email
8 Tr email
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3. In the Unsafe Application Access pane, located at the bottom of
the page, click Enable Access.

Now, we must change the configuration of Postfix, on the mail server.

70

Less secure app access

|
Your account is vulnerable because you allow apps and devices that use i
less secure sign-in technology to access your account e

On

Turnoff access (recommended)

- We have to create the following file: /etc/postfix/sasl/sasl_passwd
and add this:
[smtp.gmail.com]:587 arduinocartr@gmail.com:Arduinocartr1?!
[service]:port mail:password

- After that we create the database with this command:
sudo postmap /etc/postfix/sasl/sasl_passwd

- We assign the permissions 660, to the file that we’ve just created.

- We add the following line in this file /etc/postfix/main.cf.
71

relayhost = [smtp.gmail.com]:

- Finally, at the end of the file we must add the following lines:

72

mtp sa

LUFHT aly IT .

=t

‘-_arutp_th._w.flh: = ,r‘c-tc,szL.r‘crertS}ca— certificates.crt



mailto:arduinocartr@gmail.com

- We restart the postfix service:
sudo systemctl restart postfix

- Now, we try to fill and send the contact form, and as a result, we will
have to get to our mail a message with the data of the form and the origin
of the mail account created above (arduinocartr@gmail.com).

73

www-data Web Arduino - Nombre del cliente: juanmi .Su correo és: jmseguraf01(@ elpuig.xeill.net. Su m.. 9:11

74

www-data <arduinocartr@gmail coms
parami =
Mombre del cliente: juanmi

.5u correo es: jmsequrai0lid@elpuig.xeill.net.
Su mensaje és: Hola, este es el mensaje de prueba que debe de llegar con el correo de origen del proyecto..

- And finally, as we can see, the message does not leave us as spam and
arrives as an email.

6.3.3. Domain configuration

- In the previous points, we’ve managed to upload the Web page to an
own server created with Apache, and on the same server, install Mailutils
so the contact form works. But this server can only be viewed from the
local network. And we want that our server could be seen from outside
the local network so that anyone can visit our project website.

-  We must link a web domain to the router where the server is located,
then open a port on the router to indicate that any connection that goes
to port 80, redirect to the IP address of our server.

- We start by getting a domain that takes us to the public IP of our router.
This, we'll do it with No-Ip.

3 Email
74 Email content
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- If this is the first time we use the service, we will have to register with an
email account. In my case I'm already registered so we logg in.

75
Log In To Your Account
- We create the free domain.
76
ar R Fe 37.223.178.109 A ©  Modify
- As we can see, this domain share us directly to our public IP address, in
this way, every time we write the domain will take us to our router .
77
No hay conexi6n a internet
El router no tiene conexion. Le recomendamos que realice las
siguientes acciones antes de ponerse en contacto con su soporte
técnico Vodafone.
Al finalizar cada paso compruebe si ha recuperado el servicio. Es
importante prestar atencion a cableados sueltos o conectores flojos.
S Login
8 Free domain
7 Error
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- In this case, with our Vodafone router we can not access from within the
network to the domain because it gives an error. But if we are out of the
local network, we can access without any problem.

- The next step is to access to our router, open the 80 port and redirect the
connection to the IP address of our web server.

- This step on each router is different as each has a different web interface

configuration. In the case of Vodafone we seek port redirection..
78

Vision general Teléfono Internet Wi-Fi Configuracion Estado y Soporte

. - -,
Miovi Redireccion de Puertos
Redireccian ge La redireccion de puertos permite que los equipos remotos se conecten a un dispositivo especifico
Puertos dentro de una LAN privada
DMZ

Sy ey Redireccion de puertos

Senicio Direccidn IP Protocalo Puerto LAN Puerto pablico
DNS & DDNS Mo hay asignacion de puertos definida
UPnP (—-BJ
WoLAN
-

8 Port
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- We add a redirect here.

79

Anadir asignacion de puertos

Servicio TCP v
Dispositivo No hay dispositivo v
LAN IP 192 ...168 L0 173
Tipo .@. Puerto '::' Intervalo de puertos
Puerto publico 80
Puerto LAN 50

- LAN IP is the IP address of the server, the public port is the port to which
will be accessed from outside the LAN and Port LAN is the port, with
which the server is accessed within our local network.

™ Port redirection
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- Now, if we put the domain arduinocar.ddns.net, it will take us directly to
the DocumentRoot of the file 000-default.conf, the directory of the
Arduino website.

80

Arduino Car

SENCILLO

8 Arduino web
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6.3.4. Configuracion HTTPS

- As we can see, we can access without any problem to the Web that is
uploaded on our server. But this is an HTTP connection, it's not
encrypted. In this chapter we will show how we encrypt our Web page
with HTTPS from Let's encrypt.

- To start, we go to the Let's encrypt page, select that we have access to
the shell and send us to https://certbot.eff.org. Here we select the
software we use and the distribution of Linux.

81

Automatically enable HTTPS on your website with EFF's Certbot,
deploying Let's Encrypt certificates.

I'm using (Apache V) on (Ubuntu18.04LTS{bionio}/)

- When selecting the parameters, we will get a guide with all the

commands that we must run on our server to install Cerbot..
82

% sudo apt-get update

$ sudo apt-get install software-properties-common

$ sudo add-apt-repository universe

$ sudo add-apt-repository ppa:certbot/certbot

$ sudo apt-get update

$ sudo apt-get install certbot python-certbot-apache

- We execute all the commands.

- Once the installation is finished, we execute the following command to
automate the installation of the certificate.

8 Installation
8 |nstallation process
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Then it will ask a series of questions. The following image asks for the
mail of the administrator, we accept the terms and conditions of the Let's
encrypt service.

83

oot@server-arduinocar:~# certbot --apache

Saving debug log to /var/log/letsencrypt/letsencrypt.log

Plugins selected: Authenticator apache, Installer apache

nter email address (used for urgent renewal and security notices) (Enter 'c' to
ancel): jmseguraf@l@elpuig.xeill.net

Please read the Terms of Service at
ttps://letsencrypt.org/documents/LE-SA-v1.2-November-15-2017.pdf. You must
bgree in order to register with the ACME server at
ttps://acme-v01.api.letsencrypt.org/directory

Jould you be willing to share your email address with the Electronic Frontier
oundation, a founding partner of the Let's Encrypt project and the non-profit

prganization that develops Certbot? We'd like to send you email about EFF and
pur work to encrypt the web, protect its users and defend digital rights.

Y)es/(N)o: n

o names were found in your configuration files. Please enter in your domain
ame(s) (comma and/or space separated) (Enter 'c' to cancel): arduinocar.ddns.net
Pbtaining a new certificate

Performing the following challenges:

ttp-01 challenge for arduinocar.ddns.net

nabled Apache rewrite module

laiting for verification...

leaning up challenges

reated an SSL vhost at /etc/apache2/sites-available/000-default-le-ssl.conf
nabled Apache socache shmcb module

nabled Apache ssl module

Deploying Certificate to VirtualHost /etc/apache2/sites-available/000-default-le-ssl.conf
nabling available site: /etc/apache2/sites-available/000-default-le-ssl.conf

Now, it will ask us for a domain name, we'll have to put the domain that
the non-IP service has given us.

Finally, it asks if we want to use HTTP, we redirect directly to HTTPS, in
our case we say no.

8 |nstallation
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84

Please choose whether or not to redirect HTTP traffic to HTTPS, removing HTTP access.

: No redirect - Make no further changes to the webserver configuration.

: 