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MODULE 2

Il n this modul e we wi || be showing how
output ports with the Scratch IDE. We will start by setting up the softwaraeaning
Scratch 2.0 so we will be able to send and receive signals to and from the Raspberry
Pi 6s GPI O pins. We wi/l| |l earn how to ci
LEDs, buttons and buzzers which are included in the Retrostem Kit. Finally, we will
create programsscripts for the circuits we have created, with the help of the Scratch 2.C
programming language.




MODULE 2

Once you have followed this module, you will have:

A
A
A
A
A
A
A

Learnedhowto install the GPICExtensionLibrary

Learnedthe basic hardwareof the RetrostemConsoled Peripheraldeviceswhich can
be connectedto the console

Familiarizedwith the RaspberryPi GPIOPins

Learnedhowto connectand programLEDIights to turn on and off

Learnedhow to connectand use buttons

Programmedmultiple LEDswith the use of buttons

Programmedthe Retrostemconsoleto output sound with the use of a Buzzer




MODULE 2

TOPIC dnstalling the GPIO Extension Library

TOPIC Z'he hardwared Peripheral devices which will be used
TOPIC 3The Raspberry Pi GPIO Pins

TOPIC Autorial 1ad Turn on an LED light

TOPIC Hutorial 1bd Turn on multiple LED lights

TOPIC @rutorial 2a6 Using buttons

TOPIC Tutorial 2bd Turn on multiple LEDs with Buttons
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TOPIC &utorial 36 Output sound with the use of a Buzzer



Installing the GPIO Extension Library (1/7)

Topic 1 provides the initial steps in order to be able to program the GPIO pins with the
Scratch 2.0 IDE. It all starts with the import of the code library for the GPIO pins in the
Scratch environment.

Once you have followed this module, you will be able to:

A Importinstructions 8 blocks for the RaspberryPi GPIOPIns
A Startcodingin Scratch2.0




{ B Installing the GPIO Extension Library (2/7)

Scratch 2.0 is a blockhased visual programming language and comes prastalled in

the Raspbian Operating System which comes with your Retrostem kit. In order to be ab
to use the programming blocks offered by Scratch, which are specifically designed for tl
GPIO pins of the Raspberry Pi, we will need to add them as extensions by importing the
specific library to our program.
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Installing the GPIO Extension Library (3/7)

Navigate to the Scratch 2.0 Program.

Click on the Raspbian Applications Meht

Navigate to Programming
Click on Scratch 2
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Installing the GPIO Extension Library (4/7)
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Navigate to the Extension Library

On Scripts Tab

Click on More Blocks
Click on Add an Extension
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{ B Installing the GPIO Extension Library (5/7)

C. Add the GPIO Extension Library

a. Sel ect oPi GPI O6
b. Click OK
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Installing the GPIO Extension Library (6/7)

By installing the GPIO Library you will have access to the two new
blocks for coding:
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Installing the GPIO Extension Library (7/7)

set gpio to output high

TheSet gpioBlock allows the programmer to Set

¢ Output to the specific gpio pin number, either
High or Low, which in Computer Science Terms is
a 1 or O (Boolean True or False). This allows the
Raspberry Pi to send 3.3Volts to the device or
OANDdzA G AG Aa O2yySOGSFK
selected and close to OV (or around 0.4 Volts to
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gpio is high?

TheGet gpioBlock allows the programmer to check if
the input coming from an external device or circuit is 1
or O (Boolean True or False) and it is usually part of an
If statement in the Scratch programming.
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2 The hardwared Peripheral devices which will be used (1/2)

Topic 2 is about getting familiar with the GPIO pins and also the hardware, which we wi
be connecting and using for our projects.
Once you have followed this module, you will be able to:

A Recognizeall the hardwarebeing used for this module
A Recognizethe available pins of the RaspberryPi V3




. The hardwared Peripheral devices which will be used (2/4)

The hardwared Peripheral devices which will be used:
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Image 5 - Breadboard Image 6 — Breadboard enclosure with tactile buttons Image 7 — Mini Breadboard Image 8 — LEDs Image 9 — Jumper Wires
Source: Fritzing Software Source: Retrostem Project
Image 10a - Tactile push button Image 10b - Tactile push button Image 11a — Piezoelectric Buzzer Image 11b — Piezoelectric Buzzer
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3 The Raspberry Pi GPIO Pins (1/3)

Topic 3 provides instructions on the GPIO pins and how to use them in order to connect
various other hardware with the Raspberry Pi.

Once you have followed this module, you will be able to:

A Recognizethe available pins of the RaspberryPi V3
A Connecthardwareto the available pins




3 The Raspberry Pi GPIO Pins (2/3)

The Raspberry Pi GPIO Pins:

The GPIO pins are the means of allowing the

3.3V 5v Raspberry Pi to interact with electronic devices such
Y ) GPIO2 (SDA1) 5V
GPIO3 (SCL1) GND as:
GPIO4 (GPIO_GCLK) GPIO14 (UART_TXDO)
GND GPIO15 (UART_RXDO)
GPIO17 (GPIO_GENO) GPIO18 (GPIO_GEN1) A Sensors
o : GPIO27 (GPIO_GEN2) GND
GPI022 (GPIO_GENS3) GPI023 (GPIO_GEN4)
% 3.3V GPI024 (GPIO_GENS) A Motors
GPIO10 (SPI0_MOSI) GND
GPIO9 (SPI0_MISO) GPI025 (GPIO_GENS) .
& GPIO11 (SPI0_CLK) GPIO8 (SPI_CEO_N) A Switches
5. GND GPIO7 (SPI_CE1_N)
Y ° ID_SD (12C EEPROM) ID_SC (12C EEPROM)
« PROM -5 A Buttons
GPIO6 GPIO12
GPIO13 GND A L EDs
U U U U GPIO19 GPIO16
fi GPIO26 GPIO20
GND GPIO21 A Buzzers
A and many more
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3 The Raspberry Pi GPIO Pins (3/3)

The Raspberry Pi GPIO Pins:

3.3V
Y Y GPIO2 (SDA1)
GPIO3 (SCL1)

GPIO4 (GPIO_GCLK)
GND

GPIO17 (GPIO_GENO)

5v

\ . . . . .
o For a functioning circuit that has an external device

GPIO14 (UART_TXDO) C‘) 2 y- y~ S C’) l:l g I"Q L,l 2 l:l K S y, | é LJC_) S NJ\

GPIO15 (UART_RXDO)

GPIO18 (GPIO_GEN1) connection has to be as follows:

- GPIO27 (GPIO_GEN2) GND i ) i i
— GPI022 (GPIO_GENS3) GPI023 (GPIO_GEN4) A One GPIO pin connected with a jumper wire to the
] 3.3v GPIO24 (GPIO_GENS) .
GPIO10 (SPI0_MOSI) GND external device
GPIO9 (SPI0_MISO) GPI025 (GPIO_GENS) ; |
" OPIOH (SPID. CLK) aPIOB (SP1 CE0. N) A And one GROUND Pin connected to the other part o
s GND GPIOT (SPI_CE1_N) the external device
® e ID_SD (12C EEPROM) ID_SC (12C EEPROM) . . .
- GPIO5 GND A Ground is used as a return path for electric current in
oo e most of the electric and electronic devices

GPIO16

GPIO20
GPIO21

VVERY VY opiozs

GND
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-
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7288 Tutorial 1ad Turn on an LED light (1/7)

Topic 4 provides the hardware setup as well as the coding in order to connect and
program an LED light in Scratch 2.0 so that it will turn on and off.

Once you have followed this module, you will be able to:

A Connect an LED light to the GPIO pins
A Program the LED light in Scratch 2.0




7288 Tutorial 1ad Turn on an LED light (2/3)

The Circuit:

Setting up the circuit:
What will be needed:

a. 1 Mini Breadboard
b. 1 Red LED
c. 2 Jumper Wires (Male to Female)
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7288 Tutorial 1ad Turn on an LED light (3/3)

The Code:
~ How the code works:
- J 1. When the flag is clicked
T T 2. Aloop forever block is activated
— - 3. Which turnsthe LED on for 1 second

4. And then turns the LED off for 1
) sacs | second
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Tutorial 1bd Turn on multiple LED lights (1/3)

Topic 5 provides the hardware setup as well as the coding in order to connect and
program in Scratch 2.0 multiple LED lights so it will turn on and off.

Once you have followed this module, you will be able to:

A Connect multiple LED lights to the GPIO pins
A Program the LED lights in Scratch 2.0




53 Tutorial 1b& Turn on multiple LED lights (2/3)

The Circuit:

Setting up the circuit:
What will be needed:
GPIO13 aglai! a. 1 Mini Breadboard

i b. 3 LEDs (Red, Yellow, Green)
' c. 6 Jumper Wires (Male to Female)
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Tutorial 1bd Turn on multiple LED lights (3/3)

The Code:

How the code works:
= 1. When the flag is clicked
of onie 2 [fm Sutput high 2. LED connected at gpio 26 is switched
set gplo 13 o output high on
set gpio 5 to outputhish 3. LED connected at gpio 13 is switched
on
4. LED connected at gpio 5 is switched on

How the code works:
1. When the flag is clicked

set gpio 26 to output low 2. LED connected at gpio 26 is switched

set gpio 13 ta output low Oﬂ.'

==t gplo °_|ts s = 3. LED connected at gpio 13 is switched
off

4. LED connected at gpio 5 is switched
off

N Co-funded by the



¥ Tutorial 2ad Using buttons (1/3)

Topic 6 provides the hardware setup as well as the coding in order to connect and
program a button in Scratch 2.0 that will turn an LED on and off.

Once you have followed this module, you will be able to:

A Connect a button switch to the GPIO pins
A Control an LED light with a button

Create a program in Scratch 2.0 which will turn an LED on and off with the use of a
button




¥ Tutorial 2ad Using buttons (2/3)

The Circuit:

Setting up the circuit:

What will be needed:

E 1 Mini Breadboard

1 LED (Red)

4 Jumper Wires (Male to Female)
1 Tactile push button

GPIGE

GMO 26

oo oy

GROUND
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¥ Tutorial 2ad Using buttons (3/3)

The Code:
How the code works:
1. When the flag is clicked

- 2. Aloop forever block is activated
3. The If block checks if the button is

pressed at gpio 7
4

The LED connected at gpio 26 is

switched on

5. Otherwise the LED connected at gpio
26 is switched off

~
T |
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F4¥ Tutorial 2b& Turn on multiple LEDs with Buttons (1/3)

Topic 7 provides the hardware setup as well as the coding in order to connect and
program in Scratch 2.0 multiple buttons in order to turn on and off multiple LED lights.

Once you have followed this module, you will be able to:

A Connect multiple button switches to the GPIO pins

A Control an LED light with a button

A Create a program in Scratch 2.0 which will turn on and off multiple LEDs with the us
of multiple buttons




F4¥ Tutorial 2b& Turn on multiple LEDs with Buttons (2/3)

The Circuit:

Setting up the circuit:

What will be needed:

©T Q0o

1 Mini Breadboard

1 Full size Breadboard

3 LEDs (Red, Yellow, Green)

12 Jumper Wires (Male to Female)
3 Tactile push buttons
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