UNIT -3

ARDUINO - OVERVIEW

Arduino is a prototype platform (open-source) based on an easy-to-use hardware and software.
It consists of a circuit board, which can be programed (referred to as a microcontroller) and a
ready-made software called Arduino IDE (Integrated Development Environment), which is
used to write and upload the computer code to the physical board.

The key features are —

Arduino boards are able to read analog or digital input signals from different sensors
and turn it into an output such as activating a motor, turning LED on/off, connect to the
cloud and many other actions.

You can control your board functions by sending a set of instructions to the
microcontroller on the board via Arduino IDE (referred to as uploading software).
Unlike most previous programmable circuit boards, Arduino does not need an extra
piece of hardware (called a programmer) in order to load a new code onto the board.
You can simply use a USB cable.

Additionally, the Arduino IDE uses a simplified version of C++, making it easier to
learn to program.

Finally, Arduino provides a standard form factor that breaks the functions of the micro-
controller into a more accessible package.
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Board Types

Various kinds of Arduino boards are available depending on different microcontrollers used.
However, all Arduino boards have one thing in common: they are programed through the
Arduino IDE.



The differences are based on the number of inputs and outputs (the number of sensors, LEDs,
and buttons you can use on a single board), speed, operating voltage, form factor etc. Some
boards are designed to be embedded and have no programming interface (hardware), which
you would need to buy separately. Some can run directly from a 3.7V battery, others need at

least 5V.

Here is a list of different Arduino boards available.

Arduino boards based on ATMEGAZ328 microcontroller

Board Name

Arduino Uno
R3

Arduino Uno
R3 SMD

Red Board

Arduino Pro
3.3v/I8 MHz

Arduino Pro
5V/16MHz

Arduino mini
05

Arduino Pro
mini
3.3v/8mhz

Arduino Pro
mini
5v/16mhz

Arduino
Ethernet

Operating
Volt

5V

SV

SV

3.3V

SV

SV

3.3V

SV

SV

Clock
Speed

16MHz

16MHz

16MHz

8MHz

16MHz

16MHz

8MHz

16MHz

16MHz

Digital
i/o

14

14

14

14

14

14

14

14

14

Analog PWM UART

Inputs

(BN

Programming
Interface

USB via
ATMegalcU?2

USB via
ATMegal6U?2

USB via FTDI

FTDI-
Compatible
Header

FTDI-
Compatible
Header

FTDI-
Compatible
Header

FTDI-
Compatible
Header

FTDI-
Compatible
Header

FTDI-
Compatible
Header



FTDI-

Arduino Fio 3.3V 8MHz 14 8 6 1 Compatible
Header
LilyPad FTDI-
Arduino 328 3.3V 8MHz 14 6 6 1 Compatible
main board Header
LilyPad FTDI-
Arduino 3.3V 8MHz 9 4 5 0 Compatible
simple board Header

Arduino - Board Description

We will study the Arduino UNO board because it is the most popular board in the Arduino
board family. In addition, it is the best board to get started with electronics and coding. Some

boards look a bit different from the one given below, but most Arduinos have majority of these
components in common.



Fonono00n0il

I B

nr v

®

i

b 5
A
) l'::'

B —
y R .
Y

"o
» P
( -
R MWW ARDUING.CC ~ MADE IM XITVALY

Power USB

Arduino board can be powered by using the USB cable from your computer. All you
need to do is connect the USB cable to the USB connection (1).

Power (Barrel Jack)

Arduino boards can be powered directly from the AC mains power supply by
connecting it to the Barrel Jack (2).

Voltage Regulator

The function of the voltage regulator is to control the voltage given to the Arduino
board and stabilize the DC voltages used by the processor and other elements.



Crystal Oscillator

The crystal oscillator helps Arduino in dealing with time issues. How does Arduino
calculate time? The answer is, by using the crystal oscillator. The number printed on
top of the Arduino crystal is 16.000H9H. It tells us that the frequency is 16,000,000
Hertz or 16 MHz.

Arduino Reset

You can reset your Arduino board, i.e., start your program from the beginning. You
can reset the UNO board in two ways. First, by using the reset button (17) on the board.
Second, you can connect an external reset button to the Arduino pin labelled RESET

(5).

Pins (3.3, 5, GND, Vin)

e 3.3V (6) — Supply 3.3 output volt

e 5V (7) — Supply 5 output volt

e Most of the components used with Arduino board works fine with 3.3 volt and
5 volt.

e GND (8)(Ground) — There are several GND pins on the
Arduino, any of which can be used to ground your circuit.

e Vin (9) — This pin also can be used to power the Arduino
board from an external power source, like AC mains power

supply.

Analog pins

The Arduino UNO board has six analog input pins A0 through A5. These pins can read
the signal from an analog sensor like the humidity sensor or temperature sensor and
convert it into a digital value that can be read by the microprocessor.

Main microcontroller

Each Arduino board has its own microcontroller (11). You can assume it as the brain
of your board. The main IC (integrated circuit) on the Arduino is slightly different from
board to board. The microcontrollers are usually of the ATMEL Company. You must
know what IC your board has before loading up a new program from the Arduino IDE.
This information is available on the top of the IC. For more details about the IC
construction and functions, you can refer to the data sheet.

ICSP pin

Mostly, ICSP (12) is an AVR, a tiny programming header for the Arduino consisting
of MOSI, MISO, SCK, RESET, VCC, and GND. It is often referred to as an SPI (Serial



Peripheral Interface), which could be considered as an "expansion" of the output.
Actually, you are slaving the output device to the master of the SPI bus.

Power LED indicator

This LED should light up when you plug your Arduino into a power source to indicate
that your board is powered up correctly. If this light does not turn on, then there is
something wrong with the connection.

TX and RX LEDs

On your board, you will find two labels: TX (transmit) and RX (receive). They appear
in two places on the Arduino UNO board. First, at the digital pins 0 and 1, to indicate
the pins responsible for serial communication. Second, the TX and RX led (13). The
TX led flashes with different speed while sending the serial data. The speed of flashing
depends on the baud rate used by the board. RX flashes during the receiving process.

Digital 1/0

The Arduino UNO board has 14 digital 1/0O pins (15) (of which 6 provide PWM (Pulse
Width Modulation) output. These pins can be configured to work as input digital pins
to read logic values (0 or 1) or as digital output pins to drive different modules like
LEDs, relays, etc. The pins labeled “~” can be used to generate PWM.

AREF

AREF stands for Analog Reference. It is sometimes, used to set an external reference
voltage (between 0 and 5 Volts) as the upper limit for the analog input pins.

Arduino - Installation

After learning about the main parts of the Arduino UNO board, we are ready to learn how to
set up the Arduino IDE. Once we learn this, we will be ready to upload our program on the
Arduino board.

In this section, we will learn in easy steps, how to set up the Arduino IDE on our computer and
prepare the board to receive the program via USB cable.

Step 1 — First you must have your Arduino board (you can choose your
favorite board) and a USB cable. In case you use Arduino UNO, Arduino
Duemilanove, Nano, Arduino Mega 2560, or Diecimila, you will need a
standard USB cable (A plug to B plug), the kind you would connect to
a USB printer as shown in the following image.



In case you use Arduino Nano, you will need an A to Mini-B cable instead as shown in the
following image.

Step 2 — Download Arduino IDE Software.

You can get different versions of Arduino IDE from the Download page on the Arduino
Official website. You must select your software, which is compatible with your operating
system (Windows, 10S, or Linux). After your file download is complete, unzip the file.

P "

Opening arduinc-nightly-windows.zip @

You have chosen to open:
E arduino-nightly-windows.zip

which is: WinRAR ZIP archive (148 ME)
from: https://downloads.arduine.cc

What should Firefox do with this file?

() Openwith | WinRAR archiver (default) -

i@ : Save File

[7] Do this automatically for files like this from now on.

Ok l ’ Cancel

Step 3 — Power up your board.


https://www.arduino.cc/en/Main/Software

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power from
either, the USB connection to the computer or an external power supply. If you are using an
Arduino Diecimila, you have to make sure that the board is configured to draw power from the
USB connection. The power source is selected with a jumper, a small piece of plastic that fits
onto two of the three pins between the USB and power jacks. Check that it is on the two pins
closest to the USB port.

Connect the Arduino board to your computer using the USB cable. The green power LED
(labeled PWR) should glow.

Step 4 — Launch Arduino IDE.

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside the folder,
you can find the application icon with an infinity label (application.exe). Double-click the icon
to start the IDE.

@v\‘/"‘ » Computer » Local Disk (C:) » Program Files » Arduino »
Organize v Include in ibrary v Share with v Burmn New folder
- Favorites Name Date modified Type Size
M Desktop drivers 9/27/2015 1:24 PM
# Downloads examples 3/27/2015 1:31 PM
+. Recent Places hardware 3/27/2015 1:31 PM le falder
java
o Libraries b
¢ Documents libraries
&' Music reference
| Pictures tools /
B videos &2 arduino
5] arduino_debug
& Computer {2 cygiconv-2.dll ens 4
I-'. Local Disk (C:) % cygwnl.dll ns
@ MTC MASTER (D:) (% hbusb0.dll ens
c# INFORMATION TECHNOLOG | | revisions
(% extxSerial.dll
‘\ﬂ Network E\,’ uninstall 2

Step 5 — Open your first project.
Once the software starts, you have two options —

e Create a new project.
e Open an existing project example.

To create a new project, select File = New.
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To open an existing project example, select File > Example — Basics — Blink.
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Here, we are selecting just one of the examples with the name Blink. It turns the LED on and
off with some time delay. You can select any other example from the list.




Step 6 — Select your Arduino board.

To avoid any error while uploading your program to the board, you must select the correct
Arduino board name, which matches with the board connected to your computer.

Go to Tools = Board and select your board.

Teensy 3.2 /31

Teensy 3.0
Teensy LC
& Blink | Arduino 1.0.6 Vgl
File Edit Sketch [Tools| Help Teensy++ 2.0
Auta Format Ctel+T Sl o
Archive Sketch Arduino Duemilanove w/ ATmegad28
Fix Enceding & Reload Arduing Diecimila or Duemilanove w/’ ATmegalss
Serial Monitor Ctrl+ Shift+ M Arduing Haro w/ ATmagedz
Arduino Mano wy ATmegal68
EBoard: "Arduino Ung” k Arduino Mega 2560 or Mega ADK
Serial Port L Arduino Mega (ATmegal 250)
USE Type K Arduino Leonardo
CPU Speed : Arduino Esplora
Keyboard Layout k Arduing Micro
Brogrammer b Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegal 68
Arduino Ethernet

Bum Bootloader

Arduino Fio

Arduing BT w/ ATmega32g

Arduino BT w/ ATmegal6s

LikyPad Arduino USB

LilyPad Arduino wy/ ATmega323
rl LilyPad Arduino wy ATmegal6s
Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega323
Arduino Pro or Pro Mini (3, 16 MHz) w/ ATmegal6d
Arduina Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3Y, 8 MHz) w/ ATmegalbl
Arduino NG or older w/’ ATmegal 68
Arduino NG or older wy ATmegal
Arduino Robot Control
Arduino Robot Motor

Here, we have selected Arduino Uno board according to our tutorial, but you must select the
name matching the board that you are using.

Step 7 — Select your serial port.

Select the serial device of the Arduino board. Go to Tools = Serial Port menu. This is likely
to be COM3 or higher (COM1 and COM2 are usually reserved for hardware serial ports). To
find out, you can disconnect your Arduino board and re-open the menu, the entry that
disappears should be of the Arduino board. Reconnect the board and select that serial port.
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Step 8 — Upload the program to your board.

Before explaining how we can upload our program to the board, we must demonstrate the
function of each symbol appearing in the Arduino IDE toolbar.



A — Used to check if there is any compilation error.
B — Used to upload a program to the Arduino board.
C — Shortcut used to create a new sketch.

D — Used to directly open one of the example sketch.
E — Used to save your sketch.

F — Serial monitor used to receive serial data from the board and
send the serial data to the board.

Now, simply click the "Upload" button in the environment. Wait a few seconds; you will see
the RX and TX LEDs on the board, flashing. If the upload is successful, the message "Done
uploading™ will appear in the status bar.

Note — If you have an Arduino Mini, NG, or other board, you need to
press the reset button physically on the board, immediately before
clicking the upload button on the Arduino Software.

Arduino - Program Structure
The Arduino software is open-source. The source code for the Java environment is released
under the GPL and the C/C++ microcontroller libraries are under the LGPL.

Sketch — The first new terminology is the Arduino program called
“sketch”.

Structure

Arduino programs can be divided in three main parts: Structure, Values (variables and
constants), and Functions. In this tutorial, we will learn about the Arduino software program,
step by step, and how we can write the program without any syntax or compilation error.

Let us start with the Structure. Software structure consist of two main
functions -



e Setup() function
e Loop() function
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void loop| ()
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Void setup () {

}
e PURPOSE — The setup() function is called when a sketch starts. Use it to initialize

the variables, pin modes, start using libraries, etc. The setup function will only run once,
after each power up or reset of the Arduino board.

e INPUT — —

e OUTPUT — -

e RETURN - —
Void Loop () {

}

e PURPOSE — After creating a setup() function, which initializes and sets the
initial values, the loop() function does precisely what its name suggests, and loops
consecutively, allowing your program to change and respond. Use it to actively control
the Arduino board.

e INPUT — —

e OUTPUT — —



e RETURN — —

Arduino Communication Protocol

Communication protocols is the set of rules that allows devices to communicate and
exchange data. These protocols are very significant in Arduino communication as Arduino
constantly sends and receives data. Using these protocols help Arduino to cover error
detection and possible error recovery methods. These protocols bring analog and digital
devices together and make it possible to design multiple projects.

Arduino Communication Protocols
By using Communication protocols, we can send and receive any sensor’s data in Arduino.

Some simple sensors like Infrared (IR) can directly communicate with Arduino but some of
the complex sensors like Wi-Fi module, SD card module and Gyroscope cannot communicate
directly with Arduino without any communication protocols. So, that is why these protocols
are an integral part of Arduino communication.

Arduino have multiple peripherals attached to it; among them there are three communication
peripherals used in Arduino boards.

o UART
o SPI
o [2C

Arduino Communication Protocols

Communication among different electronic devices like Arduino is standardized among these
three protocols; it enables designers to communicate between different devices easily without
any compatibility issues. Working of these three protocols are the same as they serve the
same purpose of communication, but they differ in implementation inside a circuit. Further
description of these protocols are discussed below.


https://linuxhint.com/arduino-communication-protocols/#1
https://linuxhint.com/arduino-communication-protocols/#2
https://linuxhint.com/arduino-communication-protocols/#3
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UART

UART is known as the Universal Asynchronous Receiver Transmitter. UART is a serial
communication protocol which means data bits are transferred in sequential form one after
the other. For setting up UART communication we need two lines. One is the Tx (D1) pin of
the Arduino board and the second one is the Rx(DO) pin of the Arduino board. Tx pin is for
transmitting data to devices and Rx pin is used for receiving data. Different Arduino boards
have multiple UART pins.

Arduino Digital Pin UART Pin



https://linuxhint.com/serial-uart-communication-between-two-arduino/
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D1

Tx

DO

Rx

To establish Serial communication using UART port we need to connect two devices in
below shown configuration:

RX

TX

GND

#

RX

TX

GND

On Arduino Uno, one serial port is dedicated for communication which is commonly referred
to as USB port. As the name suggests Universal Serial Bus, so it is a serial port. Using the
USB port Arduino can establish communication with computers. The USB port is connected
to onboard pins Tx and Rx of Arduino. Arduino IDE provides SoftwareSerial

library (SoftwareSerial.h) which allows users to use GPIO pins as Serial Tx and Rx pins.

e UART is simple to operate with Arduino

e UART doesn’t need any clock signal
e Baud rate must be set within 10% limit of communicating devices to prevent data loss
e Multiple devices with Arduino in Master Slave configuration are not possible with

UART

e UART is half duplex, which means devices cannot transmit and receive data at the same

time

e Only two devices at a time can communicate with UART protocol

Here’s a brief C++ reference for Arduino Serial and SoftwareSerial initialization and use.

and TX lines

Serial and
SoftwareSerial Purpose Code Explanation
Method
Constructor I_Define the_ GPIO _ Defin_es a S(_erial
(SoftwareSerial pins that will serve | SoftwareSerial comms c_onnectlon with RX
only) as the UART RX (2,3); line on GPIO 2 and

TX line on GPIO 3.




Define the baud rate
(transmission speed)

Communication on the
“comms” serial port

serial connection

begin for the s_erlal comms.begin(9600); will occur at 9600
connection in range baud
4800 to 115200 '
Write byte Qata Writes bytes
converted into ) 9y .
i comms.println(“Hello equivalent to Hello
print human-readable World™: World (human-
characters over orids
) : readable characters)
serial connection
. Write raw byte_ data . . Writes byte with value
write over the serial comms.write(45); 45
connection '
Evaluates to true Enter if statement if
available when data is if (comms.available()) there is data available
available over the ' to read over the serial
serial connection connection
Read data from the ) Reads from serial
read comms.read();

connection

Serial Peripheral Interface (SPI)
SPI is an acronym of serial peripheral interface that is specially designed for microcontrollers
to communicate with them. SPI operates on full-duplex mode which means SPI can send and
receive data simultaneously. When compared with UART and 12C it is the fastest
communication peripheral in Arduino boards. It is commonly used where high data rate is
required like in LCD display and Micro SD card applications.
SPI digital pins on Arduino are predefined. For Arduino Uno SPI pin configuration is as

follows:
SPI Line GPIO ICSP Header Pin
SCK 13 3
MISO 12 1
MOSI 11 4
SS 10 —




e MOSI stands for Master Out Slave In, MOSI is Data transmission line for Master to
Slave.
SCK is a Clock line which defines transmission speed and start end characteristics.
SS stands for Slave Select; SS line allow Master to select a particular Slave device when
operating in multiple Slave configuration.

e MISO stands for Master in Slave Out; MISO is Slave to Master transmission line for
Data.

MOS|
——-

SCK
Master — Slave

SS

ALY INE

One of the main highlights of SPI protocol is Master-Slave configuration. Using SPI one
device can be defined as Master to control several Slave devices. Master is in full control of
Slave devices through SPI protocol.

SPI is synchronous protocol, which means communication is linked with common clock
signal between Master and Slave. SPI can control multiple devices as Slave over a single
transmit and receive line. All the Slaves are connected to Master using

common MISO receive line along with MOSI one common transmit line. SCK is also the
common clock line among Master and Slave devices. Only difference in Slave devices is
each slave device is controlled through separate SS select line. This means that each Slave
need an extra GP10O pin from Arduino board which will act as select line for that particular
Slave device.

Some of the main highlights of SPI protocol is listed below:

SPI is fastest protocol than 12C and UART
No start and stop bits required like in UART which means continuous data transmission
is possible

e Slave can be easily addressed due to simple Master Slave configuration

e For each Slave an extra pin is occupied on Arduino board. Practically 1 Master can
control 4 Slave devices
Data acknowledgment is missing like used in UART
Multiple Master configuration is not possible

In SPI, two specific features of the clock signal determine the start and end of data
transmission: the clock polarity (CPOL) and clock phase (CPHA). CPOL refers to the idle
state (either low or high) of the clock signal. To conserve power, devices will put the clock
line at the idle state when not communicating with any slaves, and the two options available
for this idle state are either low or high. CPHA refers to the edge of the clock signal upon
which data is captured. A square wave has two edges (the rising edge and the falling edge),



and depending on the CPHA setting, data is captured either on the rising edge or the falling
edge.

12C Communication Protocol

Inter Integrated Circuit (12C) is another communication protocol used by Arduino boards.

12C is the most difficult and complicated protocol to implement with Arduino and other
devices. Despite of its complication it’s offer multiple features that are missing in other
protocols like multiple Master and multiple Slaves configurations. 12C allows connecting up
to 128 devices to the main Arduino board. This is only possible because 12C share single wire
among all the Slave devices. 12C in Arduino uses an address system, meaning before sending
data to Slave device Arduino must first select Slave device by sending unique address. 12C
uses only two wires reducing overall Arduino pin count, but the bad side to it is 12C is slower

than SPI protocol.

Arduino Analog Pin 12C Pin
A4 SDA
A5 SCL

At hardware level 12C is limited to only two wires, one for a data line known as SDA (Serial
Data) and second one for Clock line SCL (Serial Clock). At idle state both SDA and SCL
are pulled high. When data needs to be transmitted these lines are pulled low using MOSFET
circuitry. Using 12C in projects it is mandatory to use pull up resistors normally a value of
4.7Kohm. These pull up resistors ensure that both SDA and SCL lines remain high in their
idle start.

Vcc

SDA

SCL I I

Master Slavel Slave?2

Some of the main highlights of 12C protocols are:

e Number of pins required are very low



Only uses 2 wires

Comparison between UART vs 12C vs SPI

Multiple Master Slaves devices can be connected

Speed is slower as compared to SPI due to pull up resistors
Resistors need more space in circuit
Complexity of project increase with increase in number of devices

Protocol UART SPI 12C
Speed Slowest Fastest Faster than UART
Number of devices Upto2 4 devices Up to 128 devices
Wires required 2(Tx,Rx) 4(SCK,MOSI,MIS0,SS) 2(SDA,SCL)
Full Duplex
Duplex Mode Mode Full Duplex Mode Half Duplex
Single

Number of Master-
Slaves possible

Master-Single
Slave

Single Master-Multiple
Slaves

Multiple Masters-
Multiple Slaves

Complexity

Simple

Can easily control multiple
devices

Complex with
increase in devices

Acknowledgment bit

No

No

Yes

In this article, we have covered a comprehensive comparison of all the three protocols
UART, SPI and 12C used in Arduino. Knowing all the protocols is important as it gives
endless opportunities to integrate multiple devices. Understanding all the communication
peripherals will save time and help to optimize projects according to the correct protocol.

Raspberry Pi Installation




So you've just gotten a new Raspberry Pi, perhaps even the Raspberry Pi 4 or Raspberry Pi
400, and taken it out of the box. Now what? There are a million things you can do with your
minicomputer, from using it as a web server to turning into a retro arcade, but first you need
to set up the Raspberry Pi. Note that, if this is a Raspberry Pi Pico microcontroller, the setup
process is completely different so see our article on how to set up Raspberry Pi Pico.

If you bought your Pi as part of a kit, you probably got everything you need right in the box,
but if you just have the board, you'll need the following:

USB power adapter like the official Raspberry Pi 4 power supply(opens in new tab)
microSD card (at least 8GB, but preferably 16 or 32GB(opens in new tab))

USB card reader(opens in new tab) unless one is built into your PC

And, unless you plan to do a headless install on the Raspberry Pi and use it via remote
desktop or SSH (controlling it from a PC), you will need.

Mouse or other pointing device

Monitor or TV

HDMI cables

Keyboard (wired or perhaps one of the best wireless keyboards)

Note that the HDMI cable you need varies based on the Raspberry Pi you are using.
Raspberry Pi 4 B and Pi 400 have dual, micro HDMI out ports so they require micro HDMI
to HDMI cables(opens in new tab) or adapters. The Raspberry Pi Zero / Zero W and Zero 2
W have mini HDMI and therefore need mini HDMI to HDMI cables(opens in new tab) to
connect to a display. All other Raspberry Pi models, including the 3 B, have standard HDMI
ports and can use HDMI male to male cables to attach to your monitor or TV. PLAY
SOUND

Setting Up Your Raspberry Pi's Power

You can't set up a Raspberry Pi without a way to power it on. The Raspberry Pi 4 B and
Raspberry Pi 400 (which is just a 4 B inside a keyboard) are powered via a USB Type-C port,
which requires a charger that can output 5 volts and 3 amps. Most USB Type-C phone
chargers don't have enough amps to get the job done, unless they have USB PD capability,
but USB-C laptop chargers should all work. While it's unlikely to be a problem, note that Pi 4
models that were manufactured in 2019 or early 2020 have a bug which prevents them from
charging over high-speed data cables that support USB 3.x 5 or 10 Gbps connections.

All other Raspberry Pi models, including the Raspberry Pi 3 B and Pi Zero / Zero W / Zero 2
W, get power via a micro USB port, which means that you can give it juice by connecting it
to just about any of the many different third-party chargers or even by attaching it to one of
your computer's USB ports. While you can get away with giving the board a lot less
electricity (the Pi Zero W runs perfectly off of my laptop's USB port), the optimal power
source for a Raspberry Pi 3 should have 5 volts and 2.5 amps, which also provides plenty of
power for any peripherals you attach to its USB ports.
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There are a number of power supplies that are made specifically for Raspberry Pis, including
the official Raspberry Pi 4 power supply (opens in new tab) and the CanaKit 5V 2.5A
supply (opens in new tab)for other Raspberry Pi models.

The Pi doesn't have a built-in power switch, so the default way to turn it on is to plug it in.
You can also find power supplies with built-in on / off switches. However, to avoid data loss,
you'll want to use the shutdown feature in your operating system (OS) before unplugging or
switching it off.

An OS on a microSD Card

There are more than a dozen different OSes for Raspberry Pi, and there's even a way to run
full Windows 11 on the Pi 4. However, Raspberry Pi OS, a special version of Debian Linux
that's optimized for the Pi, is the best platform for most use cases so that's the one we'll be
explaining how to set up.

The Raspberry Pi has no internal storage, but instead boots off of a a microSD memory card
that you provide. Be sure to get a card that's at least 8GB, preferably 32GB or higher, and has
class 10 speed (see our list of best Raspberry Pi microSD cards). It almost goes without
saying, but you'll need some kind of card reader to write the OS to it from your PC.

Headless Install for Raspberry Pi?

If you just want to experiment with the Pi or use it to control physical objects like lights,
motors and sensors, you don't need to give it its own screen and keyboard. Follow our
separate instructions for how to do a headless install on the Raspberry Pi, and you can control
the device from the desktop of your PC or Mac, using VNC or SSH remote access software.

Downloading and Installing Raspberry Pi OS

Once you have all the components you need, use the following steps to create the boot disk
you will need to set up your Raspberry Pi. These steps should work on a using a Windows,
Mac or Linux-based PC (we tried this on Windows, but it should be the same on all three).

1. Insert a microSD card / reader into your computer.

2. Download and install the official Raspberry Pi Imager. Available for Windows,
macOS or Linux, this app will both download and install the latest Raspberry Pi OS. There
are other ways to do this, namely by downloading a Raspberry Pi OS image file and then
using a third-party app to “burn it,” but the Imager makes it easier.

3. Click Choose OS.
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4. Select Raspberry Pi OS (32-bit) from the OS menu (there are other choices, but for most
uses, 32-bit is the best).

' Raspberry Pi Imager w1.7.3 — [} x

Operating System X

Raspberry Pi 05 (32-bit)
A port of Debian Bullseye with the Raspberry Pi Desktop (Recommended)
Releasad: 2022-09-06

O = GE GOWmoE

Raspberry Pi 05 (other)
Other Raspberry Pl 05 based images

Other general-purpose 05

n & @8

Other general-purpose operating systemds

@ Media player 05 3

Media player operating systems

@ Emulation and game 05 )

Emulators for running retro-computing platforms

EE] Other specific-purpase 05 >
Thin clients, digital signage and 30 printing operating systems

L Moo ou >

5. Click Choose storage and pick the SD card you’re using.
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5. Click the settings button or hit CTRL + SHIFT + X to enter settings.
‘ Raspberry Pi Imager v1.7.3 — [l X

Raspberry Pi

GENERIC FLASH DISX US8 DEVICE

6. Fill in settings fields as follows and then hit Save. All of these fields are technically
optional, but highly recommended so that can get your Raspberry Pi set up and online as soon
as you boot it. If you don't set a username and password here, you'll have to go through a
setup wizard that asks you to create them on first boot.

Set hostname: the name of your Pi. It could be "raspberrypi” or anything you like.

Enable SSH: Allow SSH connections to the Pi. Recommended.

Use password authentication / public key: method of logging in via SSH



Set username and password: Pick the username and password you'll use for the Pi
Configure wireless LAN: set the SSID and password of Wi-FI network

Wireless LAN country: If you're setting up Wi-Fi, you must choose this.

Set locale settings: Configure keyboard layout and timezone (probably chosen correctly by
default)

‘ Raspberry Pi Imager v1,7.3 - Cl X
Advanced options X
image customization options  for this session only -

Sethostname: MyServer Jocal

Enable SSH
@ Use password authentication
(O Allow public-key authentication only

vs f

Set usemame and password
Username: P!
Passwo'-u- LA AL L L L]

Configure wireless LAN

SSID: nee-1701

[[] Hidden SSID

7. Click Write. The app will now take a few minutes to download the OS and write to your
card.
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Booting Your Raspberry Pi for the First Time

After you're done writing the Raspberry Pi OS to a microSD card, it's time for the moment of
truth.

1. Insert the microSD card into the Raspberry Pi.

2. Connect the Raspberry Pi to a monitor, keyboard and mouse.

3. Connect an Ethernet cable if you plan to use wired Internet.

4. Plug the Pi in to power it on.

If you had used the Raspberry Pi Imager settings to create a username and password, you'll be
able to go straight into the desktop environment, but if not, you will get a setup wizard.

Using the Raspberry Pi First-Time Setup Wlzard

If you chose a username and password in Raspberry Pi Imager settings, before writing the
microSD card, you will get the desktop on first boot. But, if you did not, you'll be prompted
to create a username and password and enter all the network credentials by a setup wizard on
first boot. If that happens, follow these steps to finish setting up your Raspberry Pi.

1. Click Next on the dialog box.
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Welcome to the Raspberry Pi Desktop!
1

Before you start using it, there are a few things to set up.

{ Press ‘Next' to get started
1

“

If you are using a Bluetooth keyboard or mouse, put them into
pairing mode and wait for them to connect.
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2. Set your country and and language and click Next. The default choices may already be
the correct ones.

Set Country

| Enter the details of your location. This is used to set the
language, time zone, keyboard and other international settings.
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|

{ Country: United States v

1 Language: American English v
' Timezone: Eastern v

-

« Use English language v Use US keyboard

} Press 'Next’ when you have made your selection.
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|| Back Next  |f
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username and password you wish to use for your primary login. Click Next.



Create User

! You need to create a user account to log in to your Raspberry

Pi.
¥
| The username can only contain lower-case letters, digits and -
4 hyphens, and must start with a letter. |
Enter username: adp
1 Enter password: Ceneneeaes
|
y Confirm password: ~ ["eeee:
. |
: ! Hide characters
q
* Press 'Next' to create your account.
A
; Back Next ¥
* — - - ~— ~ -4, Toggle

Reduce the size of the desktop™ to on if the borders of the desktop are cut off. Otherwise,
just click Next.

1 Set Up Screen

! On some monitors, the desktop is larger than the screenand |
the edges are cut off. You can adjust this here.

# Reduce the size of the desktop on this monitor C)— )

1 Press 'Next' when the screen looks correct.
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J
|
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.
j Back Next v
: 5. Select the
appropriate Wi-Fi network on the screen after, provided that you are connecting via Wi-Fi.
If you don't have Wi-Fi or are using Ethernet, you can skip this.
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Select WiFi Network k
Select your WiFi network from the list.
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Press 'Next' to connect, or 'Skip’ to continue without connecting.

Back Skip H Next iP

6. Enter your Wi-Fi password (unless you were using Ethernet and skipped).
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Enter WiFi Password

4 Enter the password for the WiFi network "ncc-1701". f
] Password: | {
i ! Hide characters |
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Press 'Next' to connect, or 'Skip’ to continue without connecting.

Back Skip Next r

—— i .~ v 7. Click

Next when prompted to Update Software. This will only work when you are connected to the
Internet, and it can take several minutes. If you are not connected to the Internet, click Skip.
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Update Software |

The operating system and applications will now be checked ,r-
and updated if necessary. This may involve a large download.
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Press 'Next' to check and update software, or 'Skip' to continue
. without checking.
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8. Click Restart.



Setup Complete

Your Raspberry Pi is now set up and ready to go.

| Press 'Restart to restart your Pi so the new settings will take
| effect
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LAl 225 PN

Back | Restart

you wish to change these settings later, you can find the region and password settings, along
with many other options, by clicking on the Pi icon in the upper left corner of the screen and
navigating to Preferences -> Raspberry Pi Configuration. You can configure Wi-Fi by
clicking on the Wi-Fi / network icon on the taskbar.
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Raspberry Pi - GP1O Connector

Here, we will learn about the GP1O (general-purpose input output) connector in Raspberry Pi.
GPIO Pinout

One of the powerful features of the Raspberry Pi is the row of GPIO (general-purpose input
output) pins and the GPIO Pinout is an interactive reference to these GPIO pins.

Following diagram shows a 40—pin GPIO header, which is found on all
the current Raspberry Pi boards —

3 p
3IV3 power o —o 5V power
GPIO 2 (SDA) o o SV power
GPID 3 (SCL) -0 Ground
GPIO 4 (GPCLKO) o o GPIO 14 (TXD)
Ground o -0 GPIO 15 (RXD)
GPI0 1T o o GPIO 18 (PCM_CLK)
GP10 27 Ground
GP10 22 o GPIO23
3V3 power o o GPIO 24
GPIO 10 (MOST) © o Grownd
GPI0 9 (MISO) GPIO 25
GPIO 11 (SCLK) o o GPIO 8 (CED)
Ground o - GPIOT (CE)
GPID 0 (ID_SD) o o GPIO1 (10_5C)
GPIOS o Ground
GPIO 6 o -0 GPID 12 (PWMO)
GPID 13 (PWM1) o < Ground
GPID 19 (PCM_FS) GPIO 16
GP10 26 o - GPIO 20 (PCM_DIN)
Ground GPIO 21 (PCM_DOUT)
. J

The source of the diagram is www.raspberrypi.org
Voltages

From the above diagram, we can see that there are two 5V pins and two 3V3 pins on the board.
It also has several ground pins (OV). All these pins are unconfigurable.

Outputs

A GPIO pin can be designated as an output pin. The pin set as output pin can be set to 3V 3(high)
or OV (low).

Inputs

A GPIO pin can be designated as an input pin. The pin set as input pin can be read as 3V3(high)
or OV (low). You can use internal pull-up or pull-down resistors.

You can see in the above diagram, GP102 and GP103 pins have fixed pull-up resistors but for
the other pins, you can configure it in software.


https://www.raspberrypi.org/

Alternative Functions

GPIO pins can be used with a variety of alternative functions. Among them, some are available
on all pins and others on specific pins.

PWM: Pulse-width modulation

Software PWM are available on all the pins whereas Hardware PWM are available on GP1012,
GPI013, GP1018, and GP1019.

SPI: Serial Peripheral Interface
The SPI are available on the following —

SPI0: MOSI (GPI1010); MISO (GP109); SCLK (GPI1011); CEO (GP108), CE1 (GPIO7)
SPI1: MOSI (GP1020); MISO (GP1019); SCLK (GP1021); CEO (GPIO18); CE1 (GPIO17);
CE2 (GPIO16)

12C: Inter-integrated Circuit
The I2C are available on the following —

Data: (GP102); Clock (GPIO3)
EEPROM Data: (GP100); EEPROM Clock (GPI101)

Serial
The serial function is available at the following —

TX(GPIO14)
RX(GP1015)

Connect GP10O to Raspberry Pi

Following are some simple rules to reduce the risk of damaging your
Raspberry Pi board, while using the GPIO connector —

e Do not try to put more than 3.3V on any GPIO pin.

e Do not try to draw more than 3mA per output. Although, you can draw more but to
increase the life of your Pi Board, you should restrict upto 3mA.

e You should not poke the GP1O connector with a screwdriver when the Raspberry Pi
board is powered up.
5V power is enough for your Raspberry Pi. Don’t try to provide more power than that.
You should not try to draw more than a total of 50mA from the 3.3V supply pins.

Output of GPIO pins

To set up the output of GPIO pins and to read the input values by using Python, you need to
install RPi.GPI10O python library.

Install RPi.GPIO python library

To install RPi.GPIO python library, type the following commands on
terminal window of your Raspberry Pi —

sudo apt-get install python-dev
sudo apt-get install python-rpi.gpio

Almost all the latest versions of distributions have RPi.GPIO already installed. In that case, the
above commands will update it to the latest version.



12C Device
Let us check how we can make 12C work with Raspberry Pi.
Case 1: Using Adafruit Occidentalis 0.2 or later

In case, if you are using Adafruit Occidentalis, you don’t need to do anything. Because, this
distribution is preconfigured with 12C support.

Case 2: Using Raspbian

In case if you are using Raspbian, you need to do the following
configuration changes —

First, edit the file /etc/modules by using the following command -

sudo nano /etc/modules

Now, we need to add the following lines to the end of this file —

i2c-bcm2708
i2c-dev

Next, we need to edit the file named /etc/modprobe.d/raspi-blacklist.conf and comment
out the following line by adding a # —

blacklist i2c-bcm2708
#blacklist i2c-bcm2708

Once done, install the Python I2C library by using the following
command —

sudo apt-get install python-smbus

Now, reboot your Raspberry Pi and it will be ready for 12C.

Find 12C Address

There is an 12C device attached to Raspberry Pi computer and you want to know its address.
For this, we need to install i2c—tools as follows —

sudo apt-get install i2c-tools

Once done, attach your I2C device to your Raspberry Pi board and run
the following command —

sudo i2cdetect -y 1
Here, we need to take care about the following two things —

e First, if you have newer distributions then, it is quite possible that it has i2c-tools already
installed.

e Second, if you have an older version 1 board in use, change 1 to 0 in the above code
line.

Serial Peripheral Interface (SPI)
Let us check how we can use SPI (serial peripheral interface) bus with Raspberry Pi.

Case 1: Using Adafruit Occidentalis 0.2 or later



In case if you are using Adafruit Occidentalis, you don’t need to do anything because this
distribution is preconfigured with SPI support.

Case 2: Using Raspbian

In case if you are using Raspbian, you need to do the following
configuration changes —

First, edit the file /etc/modules by using the following command -

sudo nano /etc/modules

Now, we need to add the following lines to the end of this file —
spidev

Next, we need to edit the file named /etc/modprobe.d/raspi-blacklist.conf and comment out
the following line by adding a # —

blacklist spi-bcm2708
#blacklist spi-bcm2708

Once done, install the Python library to carry out communication
from a Python program by using the following command —

cd ~

sudo apt-get install python-dev

git clone git://github.com/doceme/py-spidev
cd py-spidev/

sudo python setup.py install

Now, reboot your Raspberry Pi and it will be ready for SPI.
Serial Port

Suppose if you want to use the serial port i.e. Rx and Tx pins on your Raspberry Pi board but,
it is used by Linux OS as a console connection. To disable this, we need to comment out a line
in a file named /etc/inittab.

Open this file by using the following code line —
sudo nano /etc/inittab

Now, find the following line by scrolling down at the end of this file

T0:23:respawn:/shin/getty -L ttyAMAO 115200 vt100

Now, we need to use a # to comment out this line —
#T0:23:respawn:/sbin/getty -L ttyAMAO 115200 vt100

Now, save this file and reboot your Raspberry Pi.

Access serial port from Python

We can also use the serial port i.e. Rx and Tx pins on Raspberry Pi board by using Python. For
this, we need to install PySerial library as follows —

sudo apt-get install python-serial



It is recommended to disable (as we did above) the Raspberry Pi’s serial console before
using PySerial.

Test the serial port

Once you start using the serial ports, you may want to send and receive the serial commands
from a Terminal session. For this, we need to install Minicom as follows —

sudo apt-get install minicom

It is recommended to disable (as we did above) the Raspberry Pi’s serial console before
using Minicom.

As now Minicom is installed, we can start a serial communication

session with a serial device connected to the RXD and TXD pins of
the GPIO connector by using the following command —

minicom -b 9600 -o -D /dev/ttyAMAO

Here, in the above command, after -b is the baud rate and after -D is the serial port. We should
use the same baud rate as set on the service we are communicating with.

Running Python on the Raspberry Pi

One of the best things about working with Python on the Raspberry Pi is that Python is a
first-class citizen on the platform. The Raspberry Pi Foundation specifically selected Python
as the main language because of its power, versatility, and ease of use. Python comes
preinstalled on Raspbian, so you’ll be ready to start from the get-go.

You have many different options for writing Python on the Raspberry Pi. In this tutorial,
you’ll look at two popular choices:

e Using the Mu editor
e Editing remotely over SSH

Let’s start by looking at using the Mu editor to write Python on the Raspberry Pi.

Using the Mu Editor

The Raspbian operating system comes with several preinstalled Python IDEs that you can use
to write your programs. One of these IDEs is Mu. It can be found in the main menu:

Raspberry Pi Icon — Programming — Mu

When you open Mu for the first time, you’ll be given the option to select the Python mode for
the editor. For the code in this tutorial, you can select Python 3:
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There’s a chance that Mu may not be preinstalled on your version of Raspbian. If Mu isn’t
installed, then you can always install it by going to the following file location:

Raspberry Pi Icon — Preferences — Recommended Software

This will open up a dialogue containing recommended software for your Raspberry Pi. Check
the box next to Mu and click OK to install it:



Recommended Software

All Programs Application
ITILIUUITy wuru processul driu spredusiieet

,»ﬁ-.
(@ Education Mathematica

M Games Mathematica is a system for performing
mathematical computations.
{ ]
\Ep Minecraft
Minecraft is a 3-D world-building game.

Mu
Mu is a Python IDE for beginners.

Node-RED
Node-RED is a graphical editor for Internet of
Things development.

Orca

Cancel

While Mu provides a great editor to get started with Python on the Raspberry Pi, you may

want something more robust. In the next section, you’ll connect to your Raspberry Pi over
SSH.

Editing Remotely Over SSH

Often you won’t want to spend the time hooking up a monitor, keyboard, and mouse to write
Python on the Raspberry Pi. Luckily, Raspbian allows you to connect to the Raspberry Pi
remotely over SSH. In this section, you’ll learn how to enable and use SSH to program
Python on the Raspberry Pi.

Enable SSH

Before you can connect to the Raspberry Pi over SSH, you’ll need to enable SSH access
inside the Raspberry Pi Preferences area. Enable SSH by going to the following file path:
Raspberry Pi Icon — Preferences — Raspberry Pi Configuration

Once the configuration appears, select the Interfaces tab and then enable the SSH option:


https://www.ssh.com/ssh/#the-ssh-protocol
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Raspberry Pi Configuration

System Interfaces | Performance | Localisation

Camera: Enable Disable
SSH: Disable
VINC: Enable Disable
SPI: Enable Disable
12C: Enable Disable
Serial Port: Enable Disable
Serial Console: Enable Disable
1-Wire: Enable Disable

Remote GPIO: Enable Disable

You’ve enabled SSH on the Raspberry Pi. Now you need to get the IP address for the
Raspberry Pi so you can connect to it from another computer.

Determine the Raspberry Pi IP Address

To access the Raspberry Pi remotely, you need to determine the IP address of the Raspberry
Pi on your local network. To determine the IP address, you need to access

the Terminal application. You can access Terminal here:

Raspberry Pi Icon — Accessories = Terminal

Once Terminal is open, enter the following in the command prompt:
pi@raspberrypi:~ $ hostname -I

This will display the current IP address for your Raspberry Pi. With this IP address, you can
now connect to your Raspberry Pi remotely.

Connect to the Raspberry Pi
Using the IP address for the Raspberry Pi, you can now SSH into it from another computer:

$ ssh pi@[IP ADDRESS]



You’ll be prompted to enter the password you created when running the setup wizard during
the Raspbian installation. If you didn’t set a password, then the default password is raspberry.
Enter the password, and after it connects you’ll see the Raspberry Pi command prompt:

pi@raspberrypi:~ $
Now that you know how to connect, you’re ready to start programming Python on the
Raspberry Pi. You can get started right away using the Python REPL.:

pi@raspberrypi:~ $ python3
Type in some Python to run it on the Raspberry Pi:

>>>

>>> print("Hello from your Raspberry Pi!™)
Hello from your Raspberry Pi!
Awesome, you’re running Python on the Raspberry Pi!

Creating a python-projects Directory

Before you start building projects with Python on the Raspberry P4i, it’s a good idea to set up
a dedicated directory for your code. The Raspberry Pi has a full file system with many
different directories. Having a reserved place for your Python code will help keep everything
organized and easy to find.

Let’s create a directory called python-projects where you can store Python code for your
projects.

Using Mu
If you plan on using Mu to complete the projects in this tutorial, then you can use it now to
create the python-projects directory. To create this directory, you’ll want to do the following:

Open Mu by going to Raspberry Pi Icon — Programming — Mu.
Click New in the menu bar to create an empty file.

Click Save in the menu bar.

Navigate to the /home/pi directory in the directory dropdown.
Click the Create New Folder icon in the top-right corner.

Name this new directory python-projects and hit Enter.

Click Cancel to close.

Noogk~own PR

You’ve created a dedicated directory for your Python code. Head down to the next section to
learn about interacting with physical components in Python.

Over SSH

If you’d rather use SSH to access your Raspberry Pi, then you’ll use the command line to
create the python-projects directory.

Note: Since you’ll be accessing the Raspberry Pi command line, you’ll need to use a
command-line text editor to edit your project files.


https://realpython.com/python-raspberry-pi/#setup-wizard
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Both nano and vim come preinstalled on Raspbian and can be used to edit the project files.
You can also use VS Code to remotely edit files on the Raspberry Pi, but some setup is
required.

Let’s create the python-projects directory. If you aren’t currently logged into the Raspberry
Pi, then use the IP address of the Raspberry Pi to SSH into it from your computer:

$ ssh pi@[IP ADDRESS]
Once logged in, you’ll see the Raspberry Pi command prompt:

pi@raspberry:~ $
By default, when you SSH into the Raspberry Pi, you’ll start in the /nome/pi directory.
Confirm this now by running pwd:

pi@raspberry:~ $ pwd
/home/pi
If for some reason you’re not in the /home/pi directory, then switch to it using cd /home/pi:

pi@raspberry:~/Desktop $ cd /home/pi

pi@raspberry:~ $ pwd

/home/pi

Now in the /home/pi directory, create a new python-projects directory:

pi@raspberry:~ $ mkdir python-projects
With the python-projects directory created, use cd python-projects to go into the directory:

pi@raspberry:~ $ cd python-projects
pi@raspberry:~/python-projects $
Great! You’re ready to start coding your first circuits using Python on the Raspberry Pi.

Interacting With Physical Components
In this section, you’ll learn how to interact with different physical components using Python
on the Raspberry Pi.

You’ll be using the gpiozero library that comes preinstalled on Raspbian. It provides an easy-
to-use interface to interact with a variety of GPIO devices connected to the Raspberry Pi.

Electronic Components

Before programming on the Raspberry Pi, you’ll need a few electronic components to build
the projects in the upcoming sections. You should be able to find each of the items below on
Amazon or at your local electronics store.

Breadboard
A breadboard is an essential tool when building circuits. It allows you to quickly prototype
your circuit without having to solder components together.

Breadboards follow a general layout. On the right and left sides, two rails run the length of
the breadboard. Every hole on these rails is connected. Generally, these are designated
positive (voltage, or VCC) and negative (ground, or GND).


https://medium.com/@pythonpow/remote-development-on-a-raspberry-pi-with-ssh-and-vscode-a23388e24bc7
https://gpiozero.readthedocs.io/en/stable/

On most breadboards, the positive rail is marked with a positive sign (+) and will have a red
line running next to it. The negative rail is marked with a negative sign (-) and has a blue
line running next to it.

On the interior of the board, component rails run perpendicular to the positive and negative
rails on the sides of the breadboard. Each of these rails contains holes for placing
components.

All holes in a single rail are connected. In the middle is a gutter separating the two sides of
the breadboard. Rails on opposite sides of the gutter are not connected.

This is illustrated in the following diagram:

In the diagram above, three colors are used to mark the different types of breadboard rails:

il

e Red: Positive rail
e Black: Negative rail
e Blue: Component rails

Later in this tutorial, you’ll use these different rails to build full circuits that connect to the
Raspberry Pi.



Jumper Wires
Jumper wires allow you to prototype the connections of your circuit without having to solder
paths between GPIO pins and components. They come in three different types:

1. Male to male
2. Female to male
3. Female to female

It would be good to have at least ten to twenty of each type when you’re building your
Raspberry Pi projects in Python.

Other Components
Along with the breadboard and jumper wires, the projects in this tutorial will use the
following components:

Light-emitting diodes (LEDs)
Tactile button

330 Q resistor

Active piezo buzzer

Passive infrared motion sensor

With the required components in hand, let’s take a look at how you can connect them to the
Raspberry Pi using the GPIO pins.

GPIO Pins
The Raspberry Pi features forty GPIO pins along the top edge of the board. You can use these
GPIO pins to connect the Raspberry Pi to external components.

The pin layout below shows the different types of pins and their locations. This layout is
based on an overhead view of the pins with the Raspberry Pi’s USB ports facing you:
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The Raspberry Pi features five different types of pins:

=

GPIO: These are general-purpose pins that can be used for input or output.

2. 3V3: These pins supply a 3.3 V power source for components. 3.3 V is also the
internal voltage that all GPIO pins supply.

3. 5V: These pins supply a 5 V power source, the same as the USB power input that
powers the Raspberry Pi. Some components, such as the passive infrared motion
sensor, require 5 V.

4. GND: These pins provide a ground connection for circuits.

5. ADV: These special-purpose pins are advanced and not covered in this tutorial.

In the next section, you’ll use these different pin types to set up your first component, a
tactile button.



Tactile Button

For your first circuit, you’re going to connect a tactile button to the Raspberry Pi. A tactile
button is an electronic switch that, when pressed, closes a circuit. When a circuit is closed,
the Raspberry Pi will register an ON signal. You can use this ON signal to trigger different
actions.

In this project, you’ll use a tactile button to run different Python functions based on the state
of the button. Let’s start by wiring the button to the Raspberry Pi:

1. Connect a female-to-male jumper wire from the Raspberry Pi’s GND pin to
the negative rail of the breadboard.

2. Place a tactile button across the gutter in the middle of the breadboard.

3. Connect a male-to-male jumper wire from the negative rail of the breadboard to the
row where the button’s bottom-left leg is placed.

4. Connect a female-to-male jumper wire from the Raspberry Pi’s GP104 pin to the
breadboard row where the button’s bottom-right leg is placed.

You can confirm your wiring with the diagram below:

Now that you’ve got your circuit wired up, let’s write the Python code to read input from the
button.

Note: If you’re having trouble finding a specific pin, then make sure to reference the GP1O
pin layout image when building your circuits. You can also purchase a breakout board for
easy breadboarding.

Inside the python-projects directory that you created earlier, save a new file called button.py.
If you’re using SSH to access your Raspberry Pi, then create the file like this:


https://realpython.com/python-raspberry-pi/#gpio-pins
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pi@raspberrypi:~/ cd python-projects
pi@raspberrypi:~/python-projects $ touch button.py
If you’re using Mu, then create the file with the following steps:

Click the New menu item.

Click Save.

Navigate to the /home/pi/python-projects directory.
Save the file as button.py.

PobhE

With the file created, you’re ready to start coding. Start by importing the Button class from
the gpiozero module. You’ll also need to import pause from the signal module. You’ll look at
why you need pause later:

from gpiozero import Button

from signal import pause

Create an instance of the Button class and pass the pin number as a parameter. In this case,
you’re using the GP104 pin, so you’ll pass in 4 as the parameter:

button = Button(4)
Next, define functions that will be called for the different button events that are available on
a Button instance:

def button_pressed():
print("Button was pressed")

def button_held():
print("Button was held")

def button_released():

print("Button was released")
The Button class has three event properties: .when_pressed, .when_held, and .when_released.
These properties can be used to hook up different event functions.

While the .when_pressed and .when_released properties are self-

explanatory, .when_held requires a short explanation. If a function is set to

the .when_held property, then it will only be called if the button is pressed and held for a
certain amount of time.

The hold time for .when_held is determined by the .hold_time property on
the Button instance. The default for .hold_time is one second. You can override this by
passing a float value when creating a Button instance:

button = Button(4, hold_time=2.5)

button.when_held = button_held

This will create a Button instance that will wait two and a half seconds after the button is
pressed and held before calling the button_held() function.

Now that you know about the different event properties on Button, set each of these to their
respective functions that you defined earlier:



button.when_pressed = button_pressed

button.when_held = button_held

button.when_released = button_released

Great! You’ve got your button events set up. The last thing you need to do is to call pause() at
the end of the file. Calling pause() is required to keep the program listening for the different
events. If this wasn’t present, then the program would run once and exit.

Your final program should look like this:

from gpiozero import Button
from signal import pause

button = Button(4)

def button_pressed():
print("Button was pressed")

def button_held():
print("Button was held")

def button_released():
print("Button was released")

button.when_pressed = button_pressed
button.when_held = button_held
button.when_released = button_released

pause()
With the wiring complete and the code all set up, you’re ready to try out your first circuit.
Inside of the python-projects directory, run the program:

pi@raspberrypi:~/python-projects $ python3 button.py
If you’re using Mu, first make sure the file is saved, then click Run to start the program.

The program is now running and listening for events. Press the button, and you should see the
following in the console:

Button was pressed
Press and hold the button for at least one second, and you should see the following output:

Button was held
Finally, when you release the button you should see the following:

Button was released
Awesome! You’ve just wired and coded your first circuit using Python on the Raspberry Pi.

Since you used pause() in your code, you’ll need to manually stop the program. If you’re
running the program in Mu, then you can click Stop to quit the program. If you’re running
this from the command line, then you can stop the program with Ctrl+C.



With this first circuit under your belt, you’re ready to start controlling some other
components.

LED

For your next circuit, you’ll use Python to blink an LED on and off every

second. LED stands for light-emitting diode, and these components produce light when a
current is applied. You’ll find that they’re used everywhere in electronics.

Every LED has two legs. The longer leg is the positive leg, or anode. The electrical current
enters the LED through this leg. The shorter leg is the negative leg, or cathode. The current
exits the LED through this leg.

Current can only flow one direction through an LED, so make sure you’re connecting jumper
wires to the proper leg of the LED.

Here are the steps you’ll need to take to wire this circuit:

1. Connect a female-to-male jumper wire from the Raspberry Pi’s GND pin to
the negative rail of the breadboard.

2. Place an LED into two holes on the breadboard that are next to each other but not in
the same row.

3. Place the longer, positive leg of the LED into the hole on the right side.

4. Place the shorter, negative leg of the LED into the hole on the left side.

5. Place one end of a 330 Q resistor into a hole in the same breadboard row as
the negative leg of the LED.

6. Place the other end of the resistor into the negative rail of the breadboard

7. Connect a female-to-male jumper wire from the Raspberry Pi’s GP104 pin to a hole
in the same breadboard row as the positive leg of the LED.

You can confirm your wiring with the diagram below:
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If the wiring looks good, then you’re ready to write some Python to get the LED blinking.
Start by creating a file for this circuit inside of the python-projects directory. Call this
file led.py:

pi@raspberrypi:~/python-projects $ touch led.py

In this code, you’ll create an instance of the LED class and call its .blink() method to make
the LED blink on and off. The .blink() method has a default timeout of one second. The LED
will continue to blink on and off every second until the program is exited.

Start by importing LED from the gpiozero module and pause from the signal module:
from gpiozero import LED
from signal import pause

Next, create an instance of LED called led. Set the GP1O pin to 4:

led = LED(4)
Call the .blink() method on led:

led.blink()
Finally, add a call to pause() to make sure the program doesn’t exit:

pause()
Your complete program should look like this:



from gpiozero import LED
from signal import pause

led = LED(4)
led.blink()

pause()
Save the file and run it to see the LED blink on and off:

pi@raspberrypi:~/python-projects $ python3 led.py
The LED should now be blinking on and off every second. When you’re done admiring your
Python code in action, stop the program with Ctrl+C or Stop in Mu.

Now you know how to control an LED with Python on the Raspberry Pi. For the next circuit,
you’ll be using Python to produce sound from the Raspberry Pi.

Buzzer

In this circuit, you’ll be wiring an active piezo buzzer to the Raspberry Pi. A piezo buzzer
emits a tone when current is applied. Using this component, your Raspberry Pi will be able to
generate sound.

Like LEDs, a buzzer has a positive and negative leg. The positive leg of the buzzer will either
be longer than the negative leg or there will be a positive sign (+) on the top of the buzzer
showing which leg is the positive leg.

Let’s go ahead and wire up the buzzer:

1. Place a buzzer on the breadboard, noting the placement of the buzzer’s positive leg.

2. Connect a female-to-male jumper wire from the Raspberry Pi’s GND pin to a hole in
the same breadboard row as the negative leg of the buzzer.

3. Connect a female-to-male jumper wire from the Raspberry Pi’s GP104 pin to a hole
in the same breadboard row as the positive leg of the buzzer.

Confirm your wiring against the diagram below:
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With the wiring set up, let’s move on to the code. Create a file for this circuit inside
the python-projects directory. Call this file buzzer.py:

pi@raspberrypi:~/python-projects $ touch buzzer.py

In this code, you’ll create an instance of the Buzzer class and call it’s .beep() method to make
the buzzer beep on and off. The .beep() method’s first two parameters

are on_time and off_time. These parameters take a float value to set how long the buzzer
should beep on and off. The default value for both is one second.

Start by importing Buzzer from the gpiozero module and pause from the signal module:

from gpiozero import Buzzer
from signal import pause
Next, create an instance of Buzzer called buzzer. Set the GP1O pin to 4:

buzzer = Buzzer(4)
Call the .beep() method on buzzer. Set the on_time and off_time parameters to 0.5. This will
make the buzzer beep every half second:

buzzer.beep(0.5, 0.5)
Finally, add a call to pause() to make sure the program doesn’t exit:

pause()
Your complete program should look like this:



from gpiozero import Buzzer
from signal import pause

buzzer = Buzzer(4)
buzzer.beep(0.5, 0.5)

pause()
Save the file and run it to hear the buzzer beep on and off every half second:

pi@raspberrypi:~/python-projects $ python3 buzzer.py
You should hear the buzzer sound on and off until you stop the program
with Ctrl+C or Stop in Mu.

Note: If you’re using Mu, then there’s a chance that when you stop the program the tone will
continue. To stop the sound, remove the GND wire to break the circuit.

You may also need to restart Mu if the tone continues when you reconnect the GND wire.
Great! So far you’ve learned how to control three different types of electronic components
with Python on the Raspberry Pi. For the next circuit, let’s take a look at a slightly more
complex component.

Motion Sensor

In this circuit, you’ll be connecting a passive infrared (PIR) motion sensor to the Raspberry
Pi. A passive infrared motion sensor detects any motion in its field of vision and sends a
signal back to the Raspberry Pi.

Adjusting the Sensor
When using a motion sensor, you may need to adjust how sensitive it is to motion and how
long it will send out a signal after motion is detected.

You can make adjustments using two dials on the side of the sensor. You’ll know which dials
they are because they’ll have a cross-shaped indentation in the center, which can be adjusted
with a Phillips-head screwdriver.

The image below shows these dials on the side of the motion sensor:



Timeout Sensitivity

As the image shows, the left dial sets the signal timeout and the right dial sets the sensor
sensitivity. You can turn these dials clockwise or counterclockwise to adjust them:

e Clockwise increases the timeout and sensitivity.
Counterclockwise decreases the timeout and sensitivity.

You can adjust these based on your project needs, but for this tutorial turn both dials
counterclockwise all the way. This will set them to their lowest values.

Note: Occasionally, a motion sensor and a Raspberry Pi 3 will not work together correctly.
This results in occasional false positives from the sensor.

If you’re using a Raspberry Pi 3, then make sure to move the sensor as far from the
Raspberry Pi as possible.

Once you’ve adjusted the motion sensor, you’re ready to set up the wiring. The motion
sensor’s design doesn’t allow it to easily connect to a breadboard. You’ll need to connect the
Raspberry Pi’s GPIO pins directly to the pins on the motion sensor with jumper wires.

The image below shows the placement of the pins on the underside of the motion sensor:



You can see there are three pins:

1. VCC for voltage
2. OUT for communicating with the Raspberry Pi
3. GND for ground

Using these pins, you need to take the following steps:

1. Connect a female-to-female jumper wire from the Raspberry Pi’s 5V pin to the
sensor’s VCC pin.

2. Connect a female-to-female jumper wire from the Raspberry Pi’s GP104 pin to the
sensor’s OUT pin.

3. Connect a female-to-female jumper wire from the Raspberry Pi’s GND pin to the
sensor’s GND pin.

Now confirm the wiring with the diagram below:



With the motion sensor adjusted and wired to the Raspberry PI, let’s take a look at the Python
code for detecting motion. Start by creating a file for this circuit inside the python-
projects directory. Call this file pir.py:

pi@raspberrypi:~/python-projects $ touch pir.py

The code for this circuit is going to be similar to the button circuit you made previously.
You’ll create an instance of the MotionSensor class and pass in the GPIO pin number 4 as the
parameter. You’ll then define two functions and set them to

the .when_motion and .when_no_motion properties on the MotionSensor instance.

Let’s take a look at the code:

from gpiozero import MotionSensor
from signal import pause

motion_sensor = MotionSensor(4)

def motion():
print("Motion detected™)

def no_motion():
print("Motion stopped")
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print("Readying sensor...")
motion_sensor.wait_for_no_maotion()
print("Sensor ready")

motion_sensor.when_motion = motion
motion_sensor.when_no_motion = no_motion

pause()

motion() is set to the .when_motion property and is called when the sensor detects

motion. no_motion() is set to the .when_no_motion property and is called when motion has
stopped for a certain period. This time is determined by the timeout dial on the side of the
sensor.

You’ll notice that before the .when_motion and .when_no_motion properties are set, there is
a call to .wait_for_no_motion() on the MotionSensor instance. This method will pause the
execution of the code until the motion sensor no longer detects any motion. This is so that the
sensor will ignore any initial motion that may occur as the program is starting up.

Note: Motion sensors can sometimes be too sensitive or not sensitive enough. If you see
inconsistent results in the console when running the code above, then make sure to check that
everything is wired correctly. You may also need to adjust the sensitivity dial on your sensor.

If your results are delayed in the console, then try adjusting down the .threshold property on
the MotionSensor instance. The default value is 0.5:

pir = MotionSensor(4, threshold=0.2)

This will decrease the amount of motion required to make the sensor active. For more
information on the MotionSensor class, see the gpiozero documentation.

Save the code and run it to try out your motion detection circuit:

pi@raspberrypi:~/python-projects $ python3 pir.py

Readying sensor...

Sensor ready

Wave your hand in front of the sensor. When motion is first detected, motion() is called and
the following is displayed in the console:

Motion detected
Now stop waving your hand in front of the sensor. After a few seconds, the following will be
displayed:

Motion stopped

Great! You can now detect motion with your Raspberry Pi. Once you’re done waving at your
Raspberry Pi, go ahead and hit Ctrl+C in the command line or press Stop in Mu to terminate
the program.

With this final circuit, you’ve learned how to use Python on the Raspberry Pi to control four
different components. In the next section, you’ll tie all of this together in a full project.
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Digital Input and Output

In the embedded world, the first thing many developers like to do is blink an LED. In a sense,
it is the "Hello, World!" of embedded electronics. It proves that we can run code and control
some hardware (with immediate, and often amusing, results). In this section, we'll start by
blinking an LED, and we'll take it a step further by also responding to a push button.

Recommended Reading

Python (RPi.GP1O) API - Overview of the RPi.GPIO module, which we'll be using
throughout this tutorial to control hardware

What is Electricity? - Covers the basics of how electricity works

What is a Circuit? - Talks about how electricity moves through a circuit

Polarity - Shows why we need to put the LED in the circuit a certain way

How to Use a Breadboard - Breadboards are great for prototyping, and we use them
in this tutorial

Raspberry Pi Pinout

One of the things that makes the Raspberry Pi better for learning electronics than most other
computers is its ability to control the voltage on several of its easily accessible pins. If you
hold your Pi facing up in portrait mode (as shown in the photo below), on the right side, you
will see a header with 40 pins. This header contains outputs for 3.3V, 5V, Ground, and lots of
General Purpose Input/Output (GP10O) pins!
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Note that pin 1 is on the top left of the header, as shown in the photo. With pin 1 in this
position, we can see what each of the pins is used for:



Raspberry Pi 3 GPIO Pinout
GPIO_GEN Functions GPIO  Pin Pin  GPIO Functions GPIO_GEN
33v 1 |[o 2 5V
SDA1(C) GPIO2 3 4  5Y
SCL1(FCc) cPlo3 5| @016 GND
GCLK GPIO4 7 8 GPIO14 TXDO (UART)
GND 9|0 (@] 10 GPIO15 RXDO (UART)

GENO GPIO17 11 | (@) (@) | 12 GPIO18 PWMO, CLK (PCM) GEN1
GEN2 GPI027 13 |(©) © | 14 GND
GEN3 GPIO22 15 |(C) ()| 16 GPIO23 GEN4
3.3V 17 | (@ (©)]| 18 GPIO24 GENS5
MOSI (SPI) GPIO10 19 | (©) @] 20 GND
MISO (SPI) GPIOS8 21 |(C) (C)]| 22 GPIO25 GENG

SCLK (SPl) GPIO11 23 |(C) (C)| 24 GPIOB  CEO(SPI)
GND 25 |© (C)]| 26 GPIO7 CE1(SPI)
IDsD 27 |[(C)(Ci| 28 ID_SC
GPIO5 29 |(C) @] 30 GND
GPIO& 31 |([C) (C)] 32 GPIO12 PWMO
PWM1 GPIO13 33 |(© © | 34 GND
FS (PCM), PWM1 GPIO19 35 [(C) (C)| 36 GPIO16
GPIO26 37 |(C) (C)| 38 GPIO20 DIN (PCM)
GND 39 |© (©)| 40 GPIO21 DOUT (PCM)

Hardware Connections

You can connect the Raspberry Pi to the LED and button directly, or you can go through

the SparkFun Pi Wedge to make the connections easier on a breadboard. The important thing
is to note that we are using the GP10O numbers in our code (listed as Gx on the Pi Wedge,
where X is the GP1O number). These GPIO numbers are shown in the yellow boxes in the
GPIO Pinout diagram above.

Connect GP1012 (pin 32) to the 330Q resistor, and the resistor to the LED
Connect GP104 (pin 7) to the button

Make the power (3.3 V) and ground (GND) connections as shown in the Fritzing
diagram

Having trouble seeing the diagrams? Click on them to see the full-size version!
If you have a Pi Wedge, it can make connecting to external hardware on a breadboard easier.
If you don't, you can still connect directly to the Raspberry Pi with jumper wires.

Connecting through a Pi Wedge:


https://www.sparkfun.com/products/13717
https://www.sparkfun.com/products/13717
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Note: It matters how you plug in your LED! Current can only flow in one direction through
an LED, so pay careful attention to the leads. The long lead on the LED should be connected
on the same row as the 330Q resistor.
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Note: Buttons can be a little weird, if it's the first time you've used them. The pins across
from each other are always connected, whereas the pins on the same side are only connected
when you push the button.

Note: If you are using the full-size breadboard, the power rails are divided in the middle. This
means that to get power to the whole power row, you will need to connect the two halves. See
the picture below to see how to use jumper wires to connect the halves of the power rows.


https://www.sparkfun.com/products/12615

Code Part 1: Blinking an LED

Depending on your version of Raspbian, you may or may not have to install the RPi.GP10
package (e.g. Raspbian Lite does not come with some Python packages pre-installed). In a
terminal, enter the following:

COPY CODEpip install rpi.gpio
In a new file, enter the following code:

COPY CODEimport time
import RPi.GPIO as GPIO

# Pin definitions
led_pin=12

# Suppress warnings
GPI0O.setwarnings(False)

# Use "GPI1O" pin numbering
GPI10.setmode(GP10.BCM)

# Set LED pin as output
GPI1O.setup(led_pin, GP10.0UT)

# Blink forever
while True:
GPI10O.output(led_pin, GPIO.HIGH) # Turn LED on



time.sleep(1) # Delay for 1 second
GPIO.output(led_pin, GPIO.LOW) # Turn LED off
time.sleep(1) # Delay for 1 second

Save the file (I named my file blink.py). Run the code from the terminal by entering:

COPY CODEpython blink.py
You should see your LED begin to blink on and off every second:

Once you've gotten bored of watching the LED, end the program by pressing ctrl + c.

Troubleshooting: If you see the message "ModuleNotFoundError: No module named 'rpi
you will need to install the RPi.GPIO package by entering pip install RPi.GPIO in a terminal.

Code to Note:

To control hardware from the Raspberry Pi, we rely on the RPi.GPIO module. This module
(likely known as a "library™ in other languages) is specifically designed to help us toggle pins
and talk to other pieces of hardware. Lucky for us, it comes pre-packaged with Raspbian!

In the first two lines, you see that we imported modules, but we added a few things onto those
imports. First up, we used the keyword as:

COPY CODEimport RPi.GPIO as GPIO

RPi.GPIO is the name of the module. By saying as GPIO, we change how we want to refer to
that module in the rest of the program. This allows us to type

COPY CODEGPIO.output(led_pin, GP10.HIGH)
instead of the much longer


https://pypi.org/project/RPi.GPIO/

COPY CODERPI.GPI0.output(led_pin, RPi.GPIO.HIGH)

While it's generally not a good idea to disable warnings while coding, we added the following
line:

COPY CODEGPIOQ.setwarnings(False)

Without it, you'll get a warning from the interpreter when you try to run the blink program
again:

COPY CODEDblink.py:14: RuntimeWarning: This channel is already in use, continuing
anyway. Use GP10.setwarnings(False) to disable warnings.
GPIO.setup(led_pin, GP10.0UT)

This is because we did not shut down the GP10O 12 pin nicely when we exited the program.
To do this, we would want to add a GP10.cleanup() line at the end of our program. However,
because we wrote our program to run forever, we have to interrupt the program to stop it (and
a call to cleanup() would never occur). For the time being, it's enough to just ignore the
warnings.

Code Part 2: Fading an LED with PWM

We've seen how to turn an LED on and off, but how do we control its brightness levels? An
LED's brightness is determined by controlling the amount of current flowing through it, but
that requires a lot more hardware components. A simple trick we can do is to flash the LED
faster than the eye can see!

By controlling the amount of time the LED is on versus off, we can change its perceived
brightness. This is known as pulse width modulation (PWM). We have two separate PWM
channels for our use: PWMO and PWM1. We can output a PWM signal on PWMO, which
will show up on GP1012 and GP1018. Additionally, PWML1 controls the signal for GPIO13
and GP10109.

Copy the following code into a file (e.g. pwm.py):

COPY CODEimport time
import RPi.GPIO as GPIO

# Pin definitions
led_pin =12

# Use "GPI1O" pin numbering
GPI10.setmode(GP10.BCM)

# Set LED pin as output
GPIO.setup(led_pin, GP10.0UT)

# Initialize pwm object with 50 Hz and 0% duty cycle
pwm = GPIO.PWM(led_pin, 50)
pwm.start(0)

# Set PWM duty cycle to 50%, wait, then to 90%
pwm.ChangeDutyCycle(50)



time.sleep(2)
pwm.ChangeDutyCycle(90)
time.sleep(2)

# Stop, cleanup, and exit
pwm.stop()
GPIO.cleanup()

Run it (e.g. python pwm.py), and you should see the LED start dim, wait 2 seconds, grow
brighter, wait another 2 seconds, and then turn off before exiting the program.

-
-

’/ ' \\..

. %
é

'''''
- .

Code to Note:

In the first part, we use the .output() function of the GPIO module to toggle the LED. Here,
we create PWM object and store it in the variable pwm. We do this with the line:

COPY CODEpwm = GP10.PWM(led_pin, 50)

From there, we can control the PWM by calling methods within that object. For example, we
change the brightness by calling:

COPY CODEpwm.ChangeDutyCycle(t)

where t is some number between 0-100 (0 being off and 100 being always on). Putting in the
number 50 would mean that the LED is on half the time and off the other half the time (it's
just toggling so fast that you can't see it!).

Also, we left out the GP10.setwarnings() call, since we can actually call GP10.cleanup() at
the end of our program! If you try to run the PWM code twice, you should not see any
warnings.



Code Part 3: Button Input

Let's add some user input! Save the following to a file (such as button.py).

COPY CODEimport time
import RPi.GPIO as GPIO

# Pins definitions
btn_pin=4
led_pin=12

# Set up pins
GPI10.setmode(GP10.BCM)
GPI10O.setup(btn_pin, GPIO.IN)
GPI10O.setup(led_pin, GP10.0UT)

# If button is pushed, light up LED
try:
while True:
if GP10.input(btn_pin):
GPIO.output(led_pin, GP10.LOW)
else:
GPIO.output(led_pin, GP10.HIGH)

# When you press ctrl+c, this will be called
finally:
GPI10O.cleanup()

Run it the code (python button. . Now, when you press the button, the LED should turn on.




Code to Note:

The first odd thing you might notice is the try: and finally: statements. These are part of the
error and exception handling abilities in Python (you can read more about them in

the Exceptions chapter in Byte of Python).

If we press ctrl + x while the program is inside the while True: loop, an exception will be
thrown. We don't care to do anything with that exception (hence why you don't see

an except block, like you might have read about in "exception handling™). Regardless of
whatever the exception is, we do want to call our GP10O.cleaup() function. That way, we can
close down the GPIO and not have to worry about any more errors!

The other odd thing you might see is that if GP10.input(btn_pin) is True (which means the
pin is logic high, or 3.3V), we turn the LED off. Wait, what?

In our circuit, our button has a pull-up resistor connecting one of the pins to a constant 3.3V.
This means that in its default state (not pressed), the pin connected to the button is 3.3V.
When we press the button, the pin is connected to ground (through the button's internal
contacts), and the pin becomes logic low (0V).

As a result, when the button is not pressed, we get logic high (GP10.input() returns True),
and when the button is pressed, we get logic low (GPIO.input() returns False).

Challenge: Write a program so that whenever you press the button, a variable is incremented
by one and is printed to the screen. This should work as a simple button counter. Start at 0,
and each time you press the button, it counts up on the screen.
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