Electronics
Programming 101



Programming 101>> Software vs hardware

The cables, the loads and
the breadboard are our
hardware.

The arduino board is also
hardware, but it is the
computer controlling the
hardware. We tell the
arduino how to power and
control the circuits using a
computer programme,
which is a software.

software

urns on an LED on for one second, then off for one second, repeatedly.

ample code is in the public domain.

// Pin 13 has an LED connected on most Arduino boards.
e 1t a name:

/7 give
int led = 13;

delay(1000);
1

| hardware




Programming 101>> Software vs hardware

Programmes are the way
we tell computers what we
want them to do and how
they should behave.

There are different
programming languages,
and like spoken languages
each has its own rules,
and there are different
ways to tell the computer
to do things.

Gcode, Python etc

software | hardware

00 BEEA

s on an LED on for one second, then off f

This example code is in the public domain.

// Pin 13 has an LED connected on most Arduino boards.
/ give it a name:
int led = 13;
r her 1 pr
lize the digital pin as an output
d, OUTPUT);

delay(1000);
1



Programming 101>> Arduino IDE

& AnalogReadSerial | Arduino IDE 2.0.0 e X I

The Arduino IDE (0 EEm—

(integrated development
environment) is an

open-source platform
where we write, test and g
upload programmes to the
board. W ol selany 1

16 Serial.begin(9600);
3

It can be downloaded sl 5 o

here: 2 int sensorvalue = analogRead(A@);
https://www.arduino.cc/en/software 24 | Sk ineteensorvilue);

25 delay(1);
26}

It uses a programming
language called C++.

Ln 1, Col 1 UTF-8 8 Arduino Uno [not connected]



Programming 101>> Code structure

A programme is made of
three parts:

Definitions

This is where we set
variables, create objects
and import libraries

Is code that we run once
at the beginning of each
programme. Setting the
pin modes, starting serial
monitor etc

The main part of the code,
that runs forever

Button | Arduino IDE 2.0.0
File Edit Sketch Tools Help

Button.ino e

2 const int buttonPin = 2;

3 const int ledPin = 13;

4

6 int buttonState = 0;

8 void setup() {

9 initialize the LED pin as a
10 pinMode(ledPin, OUTPUT);

1 L1 initialize the pushbutt
12 pinMode(buttonPin, INPUT);
13 }

T2
15 void loop() {
17 buttonState = digitalRead(buttonPin);
18
19 check if the pushbutton is pressed. I
20 if (buttonState == HIGH) {
21 turn LED on:
22 digitalWrite(ledPin, HIGH);
23 } else {
24
25 digitalWrite(ledPin, LOW);
26 }
27}
28

' _




Programming 101>> Functions

Functions are used to tell
the board to do
something.

For example:

is used to tell the
programme to wait before
it does something

is used to tell
a digital pin to send a
current, or not to.



Programming 101>> Functions

Each function has specific
syntax, which determines
what information we need
to give it in order to
execute the operation. The

function will
need to know what pin we
want to control, and
whether we want to send
current or not.

The correct syntax is:
(pin, value)

The syntax for each
function can be found on

the arduino website:
https://www.arduino.cc/reference/en/

EDUCATION STORE

FUNCTIONS

VARIABLES

STRUCTURE

LIBRARIES
+— |0T CLOUD API

GLOSSARY

The Arduino Reference text is
licensed under a Creative
Commons Attribution-Share
Alike 3.0 License.

Find anything that can be
improved? Suggest corrections
and new documentation via
GitHub.

Doubts on how to use Github?
Learn everything you need to
know in this tutorial.

e
s

OO Em

for more information.

HARDWARE SOFTWARE cLoub DOCUMENTATION + COMMUNITY

If you do not set the pinMode() to ouTpuT, and connect an LED to a pin,

appear dim. Without explicitly setting pinMode(), digitalwrite() will hay

like a large current-limiting resistor.

Syntax

digitalwWrite(pin, value)

Parameters

pin: the Arduino pin number.

value: HIGH O LOW.

Returns

Nothing

Example Code

The code makes the digital pin 13 an outpuT and toggles it by alternatin

void setup() {
pinMode(13, OUTPUT);
i

// sets the digital pin 13 as output




Programming 101>> Functions

So if we write:

(3, HIGH)
The programme will set
digital pin number 3 to
HIGH, which means it will
send 5V.

a0 NOIMYEMmNHS
2 T i A

DIGITAL (PWM~) F

We can use the same i ARDUTHNO
function to then turn it off, z =

by writing: B ¥ N\
(3, LOW) - () i 3 @ o

#) uuw.A'n_nu:Ng.cc = MADE IN/ ITALY
= y ¢




Programming 101>> Syntax

The programme itself has

syniax as well, which if we - I

don’t write properly will el o
prevent it from running.

void setup() {

1
2
At the end of every line of i e
code there needs to be a 5 pinMode(LED_BUILTIN, OUTPUT);
6
4
8
9

semicolon *;’ ¥ 1}
The parameters of a void loop() { <t

. .. 10 digitalwWrite(LED BUILTIN, HIGH);
function are put inside e e BRYE
normal brackets ‘( ), 12 digitalWrite(LED BUILTIN, LOW);

0 13 delay(1000);
separated by °, i
15

Blocks of code are
organised inside curly
brackets ‘{ }’



Programming 101>> Syntax

Anything written after a //

s ignored by the - I

programme, and is for you

Blink.ino @

or anyone else who reads 5
the code in the future. 2 [// the setup fu ]

3 void setup() {

4 // initialize digital pin LED BUILTIN as an output. |
Codes can be 5 pinMode(LED BUILTIN, OUTPUT);
complicated, so it’s 3 ¥
always a good idea to 8 [/ the loop function runs over and over again forever |
make sure they are 9  void loop() {

. 10 digitalwrite(LED_BUILTIN, HIGH); turn the LED on (HIGH is the voltage level)
organised and have i | iaetayiason): ‘

comments along the way 12 digitalWrite(LED BUILTIN, LOW); 1 r
to explain what each part 14 } delay(1000);
of the code is doing. 15




Programming 101>> Variables and Constants

Variables and Constants
are used to store data
inside of them.

Variables will be used to
store data that changes,
and we can name our own
to make the code more
readable.

Constants will have the
same value for the entire
programme. Some of
these constants are
already known to the
programme.

For example: HIGH and
LOW.



Programming 101>> Variables and Constants

For example,l can declare
a constant ,
which I'll use throughout
the programme instead of
writing the number 3.

This makes the code more
readable, especially when
there are several pins in
use for different loads.

This also allows flexibility,
because if | need to
connect the LED to a
different pin,l only have to
change the pin number
once where | declared the
constant’s value.




Programming 101>> Variables and Constants

There are two ways to
declare a constant, each
with different syntax:

#define 3
or

const int = 4;
The second option is
preferred, so we’ll use that
one.

The declaration goes in the
first part of the code.

Button | Arduino IDE 2.0.0
File Edit Sketch Tools Help

' _

Button.ino @
2 const int buttonPin = 2;
3 const int ledPin = 13;
4
6 int buttonState = 0;

8 void setup() {

10 pinMode(ledPin, OUTPUT);
12 pinMode(buttonPin, INPUT);
113}

15 void loop() {

22 digitalWrite(ledPin, HIGH);
23 } else {

25 digitalWrite(ledPin, LOW);
26 }
27}

17 buttonsState = digitalRead(buttonPin);

20 if (buttonState == HIGH) {



Programming 101>> Data types

Each variable or constant
has a type of information
they are allowed to store.

In this case we’re declaring
a constant to hold a pin
number. The number of a
pin will always be a ‘whole
number’, which is called
integer, int for short:

const[ini] = 4;



Programming 101>> Data types

A constant could also hold a
number with a decimal point, a
float:

const|float =1.8;

Another data type is a string,
which means text.

For example, HIGH and LOW
which we use to set pin
modes, are string constants
the are saved for the
programme to use.



Programming 101>> Compiling and uploading

sketch_oct26a | Arduino IDE 2.0.0
File Edit Sketch Tools Help

Once we’ve written a Arduino Uno v _

programme we need to make sketch_oct26a.ino
sure that it’s written correctly,

g | const int Red Led Pin = 3;
that we spelled things properly 2
etc. 3

4  void setup() {

5 I ] !
The verify button will run 6 pinMode(Red_Led_Pin, OUTPUT);
through the code and make 2 i
sure it makes sense. s

9 void loop() {

. . . . J‘O f : : )

If everything is okay it will say: 11 digitalWrite(Red Led Pin, HIGH);
Done compiling. 12 delay(1000);

13 digitalWrite(Red Led Pin, LOW);

14}

15

I @ Done compiling X I




Programming 101>> Compiling and uploading

& sketch_oct26a | Arduino IDE 2.0.0
File Edit Sketch Tools Help

e o _
Archive Sketch

sketch_oc Manage Libraries... Ctrl+Shift+|
We then need tO upload the 1 Serial Monitor Ctrl+Shift+M
2
1 Serial Plotts
programme onto the Arduino 3
. Board: “Arduino Uno" > Boards Manager... Ctrl+Shift+B Adafruit Circuit Playground
board . % Get Board Info Arduino BT
6 Arduino AVR Boards > A z 5 -
7 Arduino Duemilanove or Diecimila
WIFi101 / WiFiININA Firmware Updater ESP8266 Boards (3.0.2) >
8 : Arduino Esplora
For that We need .to fi I’St 9 Upload SSL Root Certificates Aiduitio:Ethierrit
10 [
. . Programmer > Arduino Fio
11
choose which board we are i Eomns
H . 13 digitalWrite(Red_red_Pin, LOW); Arduino Industrial 101
uploading to: “ b7 i ;
3 Arduino Leonardo

-
r

Tools> Board> Arduino AVR ’

. Arduino Mega ADK
Boards> Ardl.“no Uno Arduino Mega or Mega 2560
Arduino Micro
Arduino Mini

Arduino NG or older

Output Arduino Nano
Sketch uses 882 bytes (2%) of program storage space. Maximum is 32256 bytes. Arduino Pro or Pro Mini
Global variables use 9 bytes (0%) of dynamic memory, leaving 2039 bytes for local Arduino Robot Control

Arduino Robot Motor

v/ Arduino Uno

Arduino Uno Mini
Arduino Uno WiFi
Arduino Yin
Arduino Yan Mini
LilyPad Arduino
LilyPad Arduino USB

Linino One




Programming 101>> Compiling and uploading

sketch_oct29a | Arduino IDE 2.0.0
File Edit Sketch Tools Help

AUtO Format Ct”‘T _
Archive Sketch

Then te” the IDE Wh ICh USB sketch:iof Manage Libraries... Ctrl+Shift+]
port the Arduino board is 1 Serial Monitor Ctrl+Shift+M
2
Serial Plotter
connected to. :
: Board: "Arduino Uno" >
6 Port: "COM6" > Serial ports
7 Get Board Info v/ COMS® (Arduino Uno)
8
9 WiFi101 / WiFiNINA Firmware Updater
10 Upload SSL Root Certificates
11
12 Programmer >
13 Burn Bootloader
14 T

[y
w



