THE GEMNERAL PURPOSE INPUT OUTPUT (GPIQ) pins on the Raspberry Pi are what
make it really special. The behaviour of these p'ns can be controlled or programmed -~
by you! You can use the pins to sense and control physical objects in the real world, like
lights and switches. The pins arc located on the main board of the Raspberry B, shown
in Figure 8-1.

In this adventure, you'll learn some basics of electronics and then discover how to
output to a light ematting diode (LED), making it light up using your Raspberry i, For
the final project in the adventure, you'll hook up a marshmallow (yes, a real marshmal
low) to input a signal to your Rasgherry Pito play @ Scrateh marshmallow game that
senses the press of a bution,
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FIGURE 8-1 The General Purpose Input Output (GPIO) pins on a Model B+
Raspberry Pi

@  Input refers to the raw data or information that can be entared into a computer

(3 system like a Raspberry Pi before it is processed. An example of an input device is
a push button or a microphone. The Raspberry Pi has pins that can be connected
to these and other devices.

Output refers to the data or information that is communicated to you as it exits a
computer system like a Raspberry Pi after it has been processed. An example of
an output device is a speaker or monitor screen.
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Using a Raspberry Leaf Diagram
Raspberry Pi projects using GPIO pins give you the opportunity to use electronics con
cepts and techniques to make something happen electronicatly, such as making an
LED light up. Many of the pins have different purposes, and the ‘nstructions in this
adventure tell you which pin to use for each connection.

There are two revitions of the GPIO pin layout for the Model B Raspberry P!, The Model
fi+ has more GPIO pins, although in this chapter you will only be using the first %6.
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Later in this adventure you will learn how to find out whether your Raspberry P
Model B is a Revision (Rev) * or a Rev 2. It 1s important to know this before you bepin
any exercises in this adventure, as the instructions here are based on Rev 2. Figure 8-2
shows the layout of all 40 pins on a Raspberry Pi Model i+ board. The first 26 pins
have the same layout on the Model B rev 2 board. You should refer to this diagram
when connecting cables to the pins, and when wniting your code to program them.
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FIGURE 8-2 Layout of the GPIO pins on a Raspherry Pi Model B+

You can find this diagram, along with a diagram of the Rev 1 board, at
.gadgeto d.com/pinout,
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it you have a fiev 1 Raspberry P, you can st | folow the steps, but ensure thaj
you refer 1o the layout disgram for your board and use the pin numbers from
that diagram in your programs, ang not those specifled in the instruct ons.

To make it easier to tell which pin is which, Dr Simon Monk has created a Raspberry Leaf
template with a label for each pin—you can cut these out and place them over the pine.
It is a good idea to download, print and cut out a Raspberry Leaf to help you know
which pins to use in the projects in this adventure, You can download the templatc
from the Adventure in Raspberry Pi website or from Dr Monk's electronics website

(

). Dr Monk's site has templates for both the Rev 1 and Rev 2 hoards: be sure to
download the correct version for your board. This can be used on a Model B+ Raspberry
P board, but will only fit the first 26 pins. See Figure 8-3.
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FIGURE 8-3 The Raspberry Leaf for the Mode! B Rev 2 hoard

You can buy special cases for the Raspberry I that indude 4 GPIO min diagram on
them to help you identify the pins, like the onc from Panoroni ealled the Coupe

( ).



You should take great care when connecting cables to the GPIO pins on your
Raspberry Pi. There are two reasons for this. First, you should be cautious 14
protect yourself from harm Second, the Raspberry Piis a 3.3V device, and if you
plug n any'hing at a higher voliage than that it will damage the processor and
possibly rander your hoard useless.

It1s also vely imporiant that you connect any external components to the corect
pins on the Raspbelry Pi, so it is essential that you refer 1o the correct GPIO
revision layout diagram

Blectronic Basics

You are delving into a new world of electronics by using, the Raspberry Pi’s GPIO pins.
I you have never created any electronic circuits before, following the tutorials in this
adventure will be a good place to learn basic clectronics. To get started, you should
become familiar with the electronic concepts and components in the following list.

« Current is the rate at which electrical energy flows past a point in a creuit. It is
the electrical equivalent of the flow rate of water in pipes. Current is measured in
amperes (A). Smaller currents are measured in milhamperes (mA).

. Voltage is the difference in electrical energy between two points in a circuit, It is
the electrical equivalent of water pressurc in pipes, and it is this pressure that
causes a current to flow through a circuit. Voltage is measured in volts (V).

. Resistors are electrical components that resist current in a circuit. For example,
LEDs can be damaged by too much current, but if you add the correct value
resistor in series with the LED in the circuit to Yimit the amount of current, the
LED will be protected. Resistance is imeasured in ohms. You need to pick a resis-
tor with the correct value te limit the current through a circuit; the value of a
resistor is shown by coloured bands that are read from left to right. The exercises
in this adventure will use some resistors and explain how to read the value.

+ A diode is a device that lets current flow in only one direction. A diode has
two terminals, called anode and cathode. Current will flow through the diode only
when positive voltage is applied to the anode, and negative voltage to the cathode.

+ A light-emitting dicde or LED isa diode that lights up when electricity passes
through it. An LED is an example ol an output device. LEDs allow current to
pass in only one direction. They come in a variety of colours, and have one short
leg and one long leg, which helps you to determine which way round they need
to be placed in a circuit for current to flow through them. The exercises in this
adventure will use some LEDs.

. A capacitor is used to store an clectric charge. The capacity that this componen
has is measured in farads (F). A farad is a very large quantity, 5o most of the
capacitors you see will be measured in microfarads.




* Abreadboard is a reusable device that allows you to create circu'ts without need-
ing to solder all the components. Breadboards have a number of hales into which
you can push wires or jumper cables and components to create cireuits. The two
columns of holes on either side of the breadboard, between red and blue tines, are
for power. The column next to the red line is for postive connections and the
column next to the blue line is for negative connections (see Figure 8-4 for an
example of a breadboard). The exercises in this adventure use a breadboard.

* Jumper cables can be used to connect the GPIO pins on the Raspberry Pi to
a breadboard or other components. They are reusable and do not require
soldering. ‘They come in difierent formats: female-to-male; female to female;
and male to-male.

* A circuit diagram shows you which electronic components, represented by
symbols, are connected to complete a circuit and in what order they should be
placed. The exercises in this adventure include circuit diagrams to help you
understand how the circuit works and to show you the order in which the com
ponents need to be placed for current to flow through.

Figure 8-4 shows a half size breadboard, a variety of jumper cables, an LED, a push but-
ton and some resistors.

LED Jumper cables

Breadboard Resistors Push bution
FIGURE 8-& Flectronic components
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Using the Python Library to
Control GPIO

To use Python to control the GPIO pins, you first need the Python GPIO library installed
onto your Raspberry Pi. Alibrary is a collection of already written code that you can use.
For example, libraries contain modules that you can use in your code, like the
function from the module that you used in previous adventures. In this acdven
ture, you use the GPIO library to sense and control the pins. To check whether you have
't, open an LXTerminal window from the desktop and type the following command:

sudo apt-get install python-RPL.GPIO

The Python library to control GPIO should be preinstalled on your Raspberry Pi. If you
are using an early distribution of Raspbian or another P1 aperating system, however,
you may need to download and install it. To do so, follow the onscreen instructions, as
shown in Figure 8-5.

FIGURE 8-5 Downloading and installing the Python GPIO Library on the
Raspberry Pi

Do You Have a Revior a Rev2
Board?

As 1 have mentioned, there are two versions of the Model B Raspberry Pi GPIO
pin layout: the original Rev 1 and the newer, improved Rev 2. Before you start the




exercises in this adventure, you need to find out which version your Raspberry Pi has.
There is a simiple way to do thus.

In the LXTerminal window opened from the Raspberry Pi Desktop, type this code:

sudo python
import RPi.GPIO aa CRIO
GPIO.RPI_REVISION

<& Using sudo in the command sudo pyt hon runs Python as the root or super
¥
,5  user so that it can gan access to the GPIO hardware, which 1s not accessible to
a normal user

AL
Q..
J

The first line runs the Python interpreter in interactive mode, while the second line uses

to use the RPL.GPIO library. The last line will determine what revision of
Raspberry Pi you are using. Figure 8-6 shaws this code and the output. The Raspberry Pi
in this figure has returned the value of ', meaning that it is a Raspberry Pi Rev 2 board.

IGURE 8-¢ Using in LXTerminal to find out which
Raspberry Pi revision you have

To close the Python shell, type:

quit()



Making an LED Blink

Now that you have the Python Lbrary installed, you can use the GPIO pins to make
sormething physical happen. In this project you will control an LED and make it blink.

Along with your Raspberry Pi you will need the following items, shown in Figure 8-7:

A breadboard

Two jumper cables
* AnLED
A 330 ohm resistor

FIGURE 8-7 Components for exercise to make an LED blink

You can purchase the components that you need from the following shons:

Adafruit—www . adatruit .comy

CPC Farnell—ht tp: //cpc. farnell.com
RS Componentis—http: //uk. s online.com/web

5K Pang—www . skpang. co.uk




Creating the LEDblink Python Code

The first part of the project is to write the code thar will make your LED blink.

\IDE

For a video that walks you through the LEDblink project, visit the companion
website at www . wiley.com/go/adventuresinrp2E. Click the Videos tah
and select the LEDblink file.

I Open Python IDLE 3 to program the GPIO pins, and select File=?New Window
to create a blank text editor window to write your Python code to control the
GPIO pins.

Type the following code into your text editor window:

import RP1,.GPIO as GFIO
import time

These two lines import the modules and their functions that you will need to
control the GPIO pins on the Raspberry Pi, and to create timed delays between
the LED turning on and off. (You used the module in Adventure 5 to wait
for user input in the inventory program and the text-based adventure game.)

2. Underneath those lines, set the mode of pin numbering you are going to use,
either BCM or BOARD (see the "Digging into the Code” sidebar for more details).
You are then able to set up the individual pins on the Raspberry Pi.

GPIO.setmode (GPIQ.BCM)
GPIO.setup(24, GPIO.OUT)

In this project, you are outputting to an LED. Therefore you need to set up the
pin that the LED connects to on the Raspberry Pi as an output. To do this, uge
the command GP10.setup (the GPIO number, GPIO OUT).

4. Next,useawhile True loop toset the output of GPIO 24 to True, whichwill
turn on the LED followed by a pause for one second. Then set the output of
GPIO 24 to False, followed by another one second pause. When this is looped
over and over, the LED will repeatedly turn on (true) and off (false) with a one-
second delay between each.

while True:
GPIO.output (24, True
time.sleep (1)
GPIO.output (24, False)
time.sleepll)

I Savethe file as in ;



DIGGING INTO THE CODE

You might be wondering about the setmode and BCM in the first line of the
Step 2. There are two ways—modes—of numbering the GPIOs within RPi
GPIO—BCM and BOARD. It is important that you set the mode {setmode} you
wish to use in your Python code. BOARD means that the numbers passed Into
the GPIO functions refer to the pin numbers of the header on the Raspberry P
BCM means that numbers passed into the GPIO functions refer to what the
BroadCoM chip uses for its GPIOs twhich are different from the actual pin num
bers on the RPi header).

The exercises i this adventure use the BCM numbers, which is why you needed
to include GPIO . setmode (GPIO.BCM) at the start of your GP1O program. To
use the BOARD mode, you would write GPI0. setmode (GPIO. BOARD) . The
Raspberry P B+ pin layout will work if you use BCM numbering

Connecting the LEDblink
Components

Before running your program to make the LED blink, you aeed to assemble the elec

tronic components and connect them to the Raspberry Pi (P10 pins, Figure 8 8 shows
the Raspberry Pi on the left and a breadboard on the right. Use this diagram and the
following steps to help you eonnect the right eahles and components in the circuit.

As noted sarliof, these nstructions are wntten for a Pev 2 board If you have a
Rev 1, you must adjust the instructions based on the Rev 1 layou! diagram, You
¢ould cause permanent damage your Raspberry P if you connect circuits 1o the
GPIO pins incorrectly,

| Start by plugging a female-to-male jumper cable from GPIO pin 24 of your
Raspberry Pi to the A10 hole on your breadboard (the red cable in Figure 8-8). 1t
helps to use different coloured wires. The jumper cable will easily fit onto the
pins of your Raspberry Pi on one end, and into the holes on the breadboard.
Malke sure thal you gently push them down as far as they will go to make a
secure connection,

2. Next, plug another female-to-male jumper cable from a ground pin, sometimes
represented as GND on Raspberry Pi GPIO diagrams (the blue cable). Ona Rev 2
Raspberry Pi board, the third pin from the top on the outside strip is a ground
pin (see Figure 8-8). Remember to use Dr Monk's Raspberry Leaf so that you
know which pins are which!
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FIGURE 8-8 Circuit diagram to connect components to Raspberry Pi for a blinking
LED

i. Plug the other end of the jumper cable into a hole i the second column, between
the red and blue lines on the breadhoard. Remember that these two columns
between the red and blue lines are for power —one for positive (red) and one for
negative (blue). You want to plug your jumper cable into the blue negative col
umn, three rows down.

I. Now add a 330 ohm resistor by pushing one of its legs into E5 and the other leg
into a hole in row five of the blue negative power column on the breadboard. It
does not matter which way round the resistor is placed.

Remember that LEDs can only pass current in one direction. For the LED to
work, you must make sure that you place the longer leg into the same row (D10)
as the jumper cable connecting to GPIO 24. The short leg must be placed into a
hole on the same row as the resistor {D5). Refer ta Figure 8-8 for guidance.

Running LEDblink py as the Super
User root

The program will not run uniess you run it as the super user on the Raspherry
Pi. In previous adventures, when you created Python programs you selected File=»Run
Module in the Python shell screen. If you do this for the program, you



will get an error message explaining that you do not have the correct permissions to
run this program. The hardware of the Raspberry L is only accessible to the super
user (root) and not the user account you logged in as. Using temporarily gives
you super user privileges so that you do not need to log out and back in to run a pro
gram. Instead, you need to open an LXTerminal window and type the following com-
mand to move into the folder or directory where you have saved your Python
program:

cd Documents

Then type the following line to run the program:

sudo python3 LEDblank.py

Is that cool or what!

To interrupt the program and return to the command line in LXTerminal, press CTRL
+ C on the keyboard. Figure 8-9 shows the code.

-] - = LEobinhpy fheme/ pUDeimrertuLEDb ik Py
fla Ban Fgrmat Bun Options Windows Help

RP1,FIO GPIO

€ ime

GP 10i. petmeile (P10 . BEM
GPI0. eeluplid; GFLO.OUT)

s . 7 |

P I0,odl pul (24, i
time.mlaepill i
GP IC.mut put 124,
Lime.alsapli)

FIGURE 8-9 ['rogramming in Python 3 on Raspberry Pi to make an LED blink




Using a Button to Turn on an
LED

So far, you have controlled an LED, which is an output device. In this exercise you will
add an input device in the form of a button that will start the light sequence when
pushed.

For this project, you need your Raspberry Pi plus the following items:

A breadboard

Six jumper cables

A simple push button

An LED

A 330 ohm resistor to protect the LD

A 10k ohm resistor for use with the push button

\IDEA

For a video that watks you through the LEDbutton project, select the buttonLED
video from the companion website at www.wiley. com/go/adventuresinrp2i,

Creating the buttonLED Python Code

In Python IDLE 3, amend your program to include the following lines

(highlighted in bold):

import RPL.GFIQ as GPIO
GPIOQ.setmode (CPIO. BCM)
import time

GFIO.setup (23, GPIO.OUT)
GPI0.setup{24, GPIO.IN)

CHALLENGE

Why did you edd time . sleep (0.1) to the while loopmn the butt onLED, py
program” What maght heppen i you reniove 1t? Have a go 1o tind out!



As hefore, you will set a GPIO for output (GPIO 23}. You also need to set a GPIO pin to
detect input. Use GP1O 24 for this purpose.

while True:
if GPIO.input(24}:
GPI10.output (2%, True)
else:
GPIO.cutput (23, False]
time.sleep(0.1)

In the previous project, you used a loop to repeatedly tum an LED on
and off with a one-second interval. In this project, you only want the LED to turn on
when the button is pushed; therefore, you need to introduce a condition. You use

to set the condition: if the button (GPIO.input(24))1s pressed, then turn the LED (GPIO.
output(23)) on (or true). But this is only one part of the condition. You also need to set
the conditions for the button not being pushed; what should the LED do then? For
this part of the condition, you use - ¢lse the LED should be off (or false).

Save the file as in

Connecting the buttonLED
Components

As with the program for making an LED hlink, before you run your button LED pro
gram you need to assemble the clectronic components and gonnect them to the
Raspherry Pi GPIO pins. If you use the component configuration from the previous
exercise, you will only need to add a few extra parts. Figure 810 shows the Raspherry
1 on the left and a breadboard on the right. Follow this diagram to help you connect
the right cables and components in the circuit.

I. Leaving the onginal circuit complete, take a small button witch and place it
across the ride in the centre of the breadboard, with two legs in holes on columr
I and two legs in holes in column F on rows 21 and 23, as shown in Figure & 10.

When the button is in place, take a 10k resistor and push one end inlo D21 next
to one of the button legs. Place the other end of the resistor into a hole in the
blue (negative) power column of the breadboard.

Next take a male to male jumper cable (yreen cable) and place one end into AZ3
on the same row as the other lep of the button on column E. Plare the other end
into the red (positive) power column of the breadboard.

Connect a male to- female jurper cable (yellow cable) from A21 on the bread
board to GPIO pin 24 on the Raspberry Pi.

+. Fimally, add a male to-fernale jumper cable (black cable) from the rec colimn
near the top of the breadboard to the top GPIO pin V3, which will power the
c reuit.




Ifyou have a Rev 2 Raspberry Pi, you can compare your configuration to the one shown
in Figure 8-10,
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FIGURE 8-10 Circuit diagram to connect components to Raspberry Pi for button
LED

Running buttonLED.py as the Super
User root

As before, your program will not run unless you are logged in as the super user
on the Raspberry Pi. Using the LXTerminal window, run your program by typing this
command:

sudo python3 buttonLED.py

When you press the button, the LED should light up, as shown in Figure 8 11.The LED
should not light up until you press the button on your circuit, If the light comes on
before you press the button or does not light when you press the hutton, go back ane
check your winng using the diagrams,



FIGURE 8-11 Pressing the button makes the LED light ap!

CHALLENGE

Why not improve your code so thal when you press the button onge it turns on
the LED, and when you press the bution agan it turns off the LED?

The Marshmallow Challenge

Using the Raspherry Pi GPIO pins for electronic projects can be a great way to learn.
towever, you can have some fun too. In this project, you will use your new GPIO pin
Python programming knowledge touse a marshmallow as an input button, map ittea
keyboard letter and use it to control a game that you have created in Scratch! Figure
8.7 2 shows the game in action.

You will need these items:

+ Two female-to-female jumper cables
« 5ome marshmallows (yes, real ones!)
. Two metal pins or metal paper clips

- Your Haspberry Leaf to help you identify the GPIO pins that you need to use




