Raspberry Pi Projects [ Zs

Using Python v3 Education)

POD 5826

computing@zigzageducation.co.uk
zigzageducation.co.uk

Become a published author...
Photocopiable/digital resources
may only be copied by the
purchasing institution on a single
site and for their own use

Register@
PublishMeNow.co.uk




Contents

Thank You for Choosing ZigZag EdUCation ...........ceeueceeiieecneincuiiseinencseecseecseeessnncssssssnsssnssnnees i
Teacher Feedback OPPOrtuNity.........eeecceieiceiieiiieeiietcetceecetceeeseseceneesasssesssasesasasesasanes iii
Terms and CONAitioNs OF USE......ccccivuicieinninncinsncnnississssissssesssssssnsssssssssessassssssssasssssessassssssssasssssss iv
Teacher’s INtrodUCTION . .........eeiiirneriiincneiesscnariescssesecssssnntsssssssssesssssssesssssssssssssssssssssssssssssssasssssssnns 1
Introduction t0 the Raspberry Pl iiniiniiiniiinnicnneicnnniessesesssssssssssssssssssssssssssssssassssnns 2
[ € 1= o £ 7
Benchmarking the RASPDEITY Pl.... ettt sttt ess st ess st st sesase s ssse st sesans 7
Remotely Connecting tO the RASPDEITY Pi...... et sssssnsssssssssssssssssssssssssssssses 12
INEELACTIVE QUIZ oottt et ettt st e e ettt et s et bsnses 17
INPULZOULPUL BASICS ...ooooveveveeeeveeeasseessssessessssessssssses s sesss s sssss s ssssssessssssss s ssssss s sssssssssssssssesssssssssssssssasssnssons 20
BINAIY CONVEISION....oiiiiircitree ettt ettt es et ss st st st st ettt i 29
UD, DOWN, LEFL, RIGNT ..ottt ettt sesssssss s ss s sessssssssessssssssssssssssssssssssssesssssnssens 43
COUNTAOWN ...ttt st e ss st sttt e e e b s st et e e e s st en s s s s sss e sens 49
NETWOTK WED SEIVET ...ttt sessssss s sss st sessss e sssssssasssssesasssnssssssessssssssssnssasssssssnes 54
FOIOW M.ttt ettt st e sttt e ettt et s et bsnsee 61
DIGITAI CAMEIA ..ottt et et et et e e e e e e e et et 74
ANSWErS aNd SOIULIONS........cciiiieueriicieccnnieisnnerencsesssiessssassesssssssesssssssssssssssssesssssasssssssasssssssssssesssssasass 81
Benchmarking the RASPDEITY Pl irierrinsiesisiisiisssssissessssssssss s ssssssssssssssssssssssssssssssssssssssssssssssssses 81
INEELACTIVE QUIZ oottt et ettt st e e ettt et s et bsnses 82
INPUL/OUEIPUL BASICS.cuuvenrirrieiieierinerissesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssassssses 82
BINAIY CONVEISION....oiiiiircitree ettt ettt es et ss st st st st ettt i 82
UD, DOWN, LEFL, RIGNT ..ottt ettt sesssssss s ss s sessssssssessssssssssssssssssssssssssesssssnssens 83
COUNTAOWN ...ttt st e ss st sttt e e e b s st et e e e s st en s s s s sss e sens 85
FOHOW M.ttt ssses st sss st s s et s et st ek st e bttt sasassenss 88



TEACHER’'S INTRODUCTION

This resource contains a variety of projects aimed at a range of ability levels. The projects are
designed to be interactive and fun. They start at an easy level such as Benchmarking the
Raspberry Pi, and progress to much more complex projects such as creating a Digital Camera.
Each project is marked with a time duration (short, medium or long) and a difficulty rating (easy,
medium or hard).

Each project also includes an extension section and a ‘stretch yourself’ section. These are
intended for students who wish to challenge themselves further after completing the main
project tasks.

Some projects are dependent on (or at least refer to information in) other projects. If students
are going to start using the add-ons to the Raspberry Pi, the project they need to start with,
which has all the main information in it about this, is the Binary Conversion. This explains how to
use breadboards, LEDs and buttons.

Important:
Extreme care should be taken when creating circuits with breadboards, jumper leads and resistors.

At the back of the resource are answers and solutions for every challenge. The full python code
for each exercise is not printed but is included on the CD-ROM.

§

The accompanying CD-ROM includes full python scripts for each project, plus videos
demonstrating three of the projects in action.

Prior Knowledge
The projects make use of the Python (v3) programming language, and students will require prior
understanding of Python to complete the tasks. They will need to know how to:

«  Create an input for the user

«  Output any information the user needs
+  Create a sequence

«  Use selection including conditions

«  Create both counting loops and condition loops

ZigZag Education have resources to support teaching and learning of Python — go to zzed.co.uk
(search for ‘Python’) for more details.

Register your email address to receive any future free updates*
made to this resource or other Computing resources your school

February 2015

has purchased, and details of any promotions for your subject.

Go to zzed.co.uk/freeupdates

* resulting from minor specification changes, suggestions from teachers

and peer reviews, or occasional errors reported by customers

Raspberry Pi Project Pack Page 1 of 89 © ZigZag Education 2014



INTRODUCTiION TO THE RA

The Raspberry Pi is a credit-card-sized computer developed in .
Raspberry Pi Foundation. It is a very capable little computer th
fun electronic projects, some of which have been included in th

One of the great things about the Raspberry Pi is that there is
isa ﬂexxble platform that can be used for anythmg from creati

There are three main models of the Raspberry Pi:

Model A

This is the lower-spec mo
It is a lighter model that ¢
is often used in embedde
reasons. The model A doe:
chip.

Model B
This is the original model ¢
is higher in spec that the ri\
does have an Ethernet chip

Model B+
This is the highest-spec m

Pi. It replaced the model
many additional extras to
more USB ports, more GP
consumption and better a
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A Gloser Look at the Raspberry Pi (Model 1

R
GPIO Headers Composite Video Audio Jack s \
= \\\\\\

= o
@\\\

W

\\\
1"
\\\\\\\\\\

\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

HE

Processor

///////’/f//
i

g
%”/ff/

% i

SD Card Slot \\\\\\\\
(underneath) \\\\?%%
S
Power Input HDMI Connectééki% %\“\\\\\\\
DSI Connector \\\\\§
R
©
PROCESSOR e
This is an ARM chip that is 32-bit and 700 MHz system. It has
GENERAL PURPOSE iNPUT AND OUTPUT (GPIO) HEADERS :
The GPIO headers consist of two rows of 13 pins that can be c¢
and outputs. You can program the Raspberry Pi to say which tt
COMPOSITE VIDEO
This is a standard RCA connector that provides v;deo signals.
standard-definition video. For higher-definitio
used. COPYRIGHT
AUDIO JACK PROTECTED
Thisis a stand s wini analogue audio jack. It can be u:
heac .
STAT 19
There are five LEDs that provide feedback about the system:
« ACT -This is a green LED that lights up when the SD car ‘ Qg.
Education

«  PWR-This is a red LED that lights up when power is cot.
« FDX-Thisis a green LED that lights up if the Ethernet co
« LNK-This is a green LED that lights up when Ethernet i
« 100 —This is a yellow LED that lights up when the conne

Raspberry Pi Project Pack Page 3 of 89



USB PORTS

There are two USB 2.0 ports on the model B (one on the mod

to connect a mouse and keyboard. S
-
ETHERNET PORT . \\\\\\\\\\
This can be used to connect the Raspberry Pi to the internet. /‘ F \\\\
also be used in a USB port to do this. e
. oy
JOINT TEST ACTION GROUP (JTAG) HEADERS St
These headers are not generally used when using the Raspbe §\\\\\§\\\\§
programming, testing and debugging the de; \\\\\\\\
| -
THE CAMERA SERIAL iNTERFA G
This port allows a cam e connected di \\\\\\\\\\\\\§
icHD S
ih \\@\\\\\
This g \\§
The REMI 5|gnai can be converted to DVI, composite or SCAR‘;@ \\\\\\\\\i
adapters if needed. \@
DISPLAY SERIAL INTERFACE (DSi) CONNECTOR -
This is used to connect a 15-pin flat ribbon cable that can be u: @*‘\\\\\\g
screen. § §
POWER iNPUT | \
. : : . A W
This allows power to be connected using a micro USB. s
O
SECURE DIiGITAL (SD) CARD SLOT e
This is used to insert an SD card that will store the operating S} ‘\\\\\\Xs\
Raspberry Pi.
The Basic Kit
This is the basic set of kit that you will need when using the Ra
USB KEYBOARD AND MOUSE ”
A USB connection is needed on a keyboz; mouse to be
to the Raspberry Pi. COPYRIGHT
PROTECTED

A M!CRO USB POWE

{la w*and at least 700 mA of current. An und:
but its reliability will decrease.
AN SD CARD
An SD card that is 4 GB or more will be needed to hold the ope
files and programs that are created.

An HDMiI CABLE
This is used to connect to a monitor. If the monitor does not hi:
connection then a converter will be needed to a connection t

ya

Education
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ETHERNET CABLE / WIRELESS DONGLE

This is used to connect the Raspberry Pi to a network.

USB HuB

R

E
There may be a number of USB connections that need to be \\\“\
Pi, including a mouse and keyboard. It is advisable to have a \\N \\\\
Raspberry Pi only provides two USB ports. \\\x\ S

N \\
MONITOR T
A monitor with an HDMI connector is best; otherwise a converi §\\\\\\§\\\\

ks

o

\\\

\\\\\\\\\\\\\\
s

\\\\\\\\

///////’/f//
i

s
ﬁ///f/

% i

.{f

umber of add-ons to the Raspberry Pi that a
somYggie projects. These include:

\\\\\g\

\\\\\
e LiGHT.EMITTING DIODES (L. \ \
% § ' ‘i\\% LEDs are used in a num \\\\\\\\%

i)

o2

' § isi Y
1 ‘ § i a way of emphasising an: \\\\@\%
1) §§§ \ E S programming with the R \\\\\
\\\\\\\{\\
BREADBOARD .
These are used to create
that they can be connec
with the Raspberry Pi.
COPYRIGHT
PROTECTED

RESISTOR

These are used in bread

circuits using LEDs. You

ig

one.
a3

Education
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JUMPER WIRES e
MPER WIRE . B—-

w\\

These are used for creat \\\
on breadboards. & \

\\\%m%

\\\i\\s

\\\

x\\

V///////
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i
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\\\\\\\\\\
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\\\\\\\

s
\\&-
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\\\\\\
‘e

These are buttons that

to create inputs for som

i,

,/f//

LCD SCREEN

These can be purchase

y, i,
P U

the Raspberry Pi and ar:

i
projects as a fun output. \\\\\\\\x

\\\\\
PI-FACE \
This is an add-on that p

Raspberry Pi. It has bu
and LEDs built into it the

COPYRIGHT
T CAMERA PROTECTED

This is a camera board

the Raspberry Pi to crea:

ig

Education

Important: :
Extreme care should be taken when creating circuits with breadboards, ji

Raspberry Pi Project Pack Page 6 of 89



BENCHMARKING THE RASPE
- I e \
DURRTION: GHORA \\\\\“‘
l':li'i'll'lll Tbl- CF":U \\\
i itnw_ 1 - =naa \\}\\\\
\\\“>\ g
In this project we are going to compare the relative speed of th s \\
using the Command Line versus the Graphical User Interface. \\\\\}s\\\\\
PROJECT Ains 0scT OuTcon: §\
i S
+ To provide a benchm It will take a ti % ‘i
comparison of ¢ starting to co —

\\\\\\\\\\\\\\\

« {twill count

outputtin o
W 13 ce to run Python pr@grams ‘ g ? \\\@
screen s

on the Raspberry Pi i

. . « It will autom .
 To calculate the dlfference in time taken to .

speed be(’}clv;{een uzllna the - and output it §\\\ 5
command line an the graphica . wil al tP*EE § §
user interface will allow oy,
] ] benchmark vi § \
« To undgrstand ow muc line and the g \\\\@\
processing power it takes to run a interface \\\\\

graphical user interface \%

* |t must be ab::

« To IearrT how to use Python to desktop PC fc ‘\\\\\\ﬁ\\
create timestamps that can be
used for benchmarking tests
« To provide a benchmark
comparison between the
processing power of the Raspberry
Pi and a desktop computer
- | COPYRIGHT
ROJECT Tasks PROTECTED

A) Research - C in erface {CLI) and Graphical User In

e

C) HoW'to take a timestamp in Python using the time module *g
D) Build the program Qg
E) Benchmarking EdUCQﬁOn

Extension
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Project Tasks

A) Research - Command Line Interface (CLI) and Graphical User Interface (G

+  What are they?
«  What is the difference between the two?
«  Name a situation when each might be used.

«  What are the benefits and drawbacks of using each?

IDLE 1ol

Graphical User Interface

R

.
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PROTECTED
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B) Design the program

R

.

\\w

We are going to create a program to benchmark the time take:
Raspberry Pi to run a task in the CLI, against the time taken for..

GUI. The benchmark task will be a count from 1 to 10,000. \\\\

\\\\\\\\

Here is a flow chart for an algorithm to solve this task. There a \\\‘\"“ &

three things wrong with it. e \\\E

V//////

%%

\\\

&\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\‘\

s

\\\

s

\\\\\\\

/7

i

%

/4/7

//////%/
k.

S

10

i
//,/7

H

/

\
\\\\\\

\\

{ time slamp & : e : \\\%\
« | » o . \\\\
o e \\

COPYRIGHT
PROTECTED

ig

a3
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( Challenge: Can you fix it? )
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() How to take a timestamp in Python using the time module
To take a timestamp we need to use the time.time function i s
R
i t time #imports the \\w
impor \\\
time_stamp_ 1 = time.time () #takes the 1sty \\§\ \\\\\
assigns it toi \\%\ o
time_stamp_1 s \\
=] \\\\
D) Build the program - \\\
S
.. % .
Below is the main program shown will take two tir; § ‘i
before performing thes \\\\\\\\\\\\\5
\\\\‘\\\
time.time () #takes the 1lst. . \
assigns it to i \\\\\\\
time stamp_ 1 & \\\\\\\\
2 \\\
for count in range(1l,10000): \\\\
print (count) #prints all t}*
s
10,000 \@x\\
= § §
time_stamp 2 = time.time() #takes the 2nd SR,
assigns it to i \§ \§\
time_stamp_2 & \\\@
R
The end of the program is missing. This should be a calculatio \\§
perform the count. The result of calculation should then be ou: -
\\\\\
( Challenge: Can you work out how to do this? )
E) Benchmarking
«  Run your program in the GU! using IDLE. Make a note
taken.
»  Run your program in the ote of the time ta\ COPYRIGHT
PROTECTED

speed both in time and as a |£

. Can you explain your findings? ig

a3

Education
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Extension

*  When running the program via the GUI, move the mous\
«  What do you notice?

« Canyou explain the difference?

STRETCH Y JURSELF
- Ruw your Python proe. .

chwark compared with the Raspberry Fi?

% vou explain the difference?

R

.

\\\w
&5

\\\\\\\
\\%\

\\\
T
T
8

\\‘\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\\\

\Q\&\\

-

HE

///////’/f//
i

g
%”/ff/

% i

/4/7

\\

*\\\\\\ﬁ\\

COPYRIGHT
PROTECTED
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a3
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S e S

REMOTELY CONNECTING
RaspBERpY Pi =

= -
TiAN- T a8
DURATION: SHORT W §
CHFFICL_TY: MEDILN \\\
For this project we are going to compare, connect to and control . §\\\\\§\\\\§

our Windows PC. Being able to connect remate! allows us place |

ess while still beir,

\\‘\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\‘\

s

£

i

%

ProsecT OuTcom

» The software

set up a remote
aiection to the Raspberry Pi.

/4/7

« To learn how to determine the . \\\::Q\\
Raspberry Pi's IP address on the to the Raspbe: il
network. §\\

« To learn how to install and \§ §
configure TightVNC software %\\\\\\\\\\

i & o
needed for the connection. “ \\\§

» To learn how to access and control \\\\\
the Raspberry Pi from a Windows \\

\\w\
ProsECT Thsks COPYRIGHT
PROTECTED

A) Research — why m to be able to access our Raspbe

BTN LR AR AP RN Y e

ig

D) Configure TightVNC to allow remote connections g

E) Install TightVNC on the Windows PC EdUCQﬁOﬁ

F) Connecting to and controlling the Raspberry Pi

Raspberry Pi Project Pack Page 12 of 89




Project Tasks

A) Research — why might we want to be able to access our Raspberry Pis

Using the Internet, research and list five possible scenarios w
needed to be able to access their Raspberry Pi remotely. Think «
do with a Pi if it is connected wirelessly to your network and p
instead of the mains power pack.

B) Determine the Raspberry Pi’s network a4

Every computer on ane
known as the

ws+a unique network address. Thi

P address and is needed so that other;;
re to send messages for our computer. Think
@ address, or even our phone number. Without the ad

our frtends wouldn't know how to contact us. In fact, on a netw
needs a network connection has an IP address, even devices suci:
consoles, smartphones and smart TVs.

Before we can use another computer to control our Raspberry
our Pi's IP address. Finding it is easy:

Either via the command line, or via an LXTerminal Window, ent:

%ifconfig

Done correctly, this will generate a message along the lines of :

Link encap:Ethernet HWaddr b8:27:eb:5f:£6:bb =
inet addr:192.168.1.89 Bcast:192.168.1.255 Mask 255.2!

UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:252 errors:0 dropped:0 overruns:0 frame:O0
TX packets:100 errors:0 dropped:0 overruns:0 carrier:0 i

Collisions:0 txgueuelen:1000

.3 KiB)

RX bytes:37493 (36.6 KiB) TX bytes:

This information tells u

uiinformation about the Pk
However, the inf '

@heed sits in the second line:

.1.89 Beast:192.168.1.255 Mask 255.2

The 1P address of our Raspberry Pi is the first collection of four
192.168.1.89. Make a note of whatever address is given here as
tell our Windows PC where to send messages to talk to our Ra:

R

.

@-
= -

\\“\\\\
\\\x\§

\f\“\
1"
\\\\\\\\\\

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

HE

///////’/f//
i

"4;‘/
4;4?

% i

4?

////
%//

\\\\@

§&§j§

*\\\\\\ﬁ\\

COPYRIGHT
PROTECTED

ig

a3
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() Install TightVNC on the Raspberry Pi

To control our Raspberry Pi from another computer we need a rg s

application. This will run on both our Raspberry Pi and on the R \\\\\\\
will use to remotely control the Pi. The application forms the ¢ \\\\

remote control of the Pi. \\\x\ §

o ) - s \

One such application that works extremely well with the Raspbe; G

freeware application allows and controls remote connections, ke g

BN

secure from unauthorised users.

\\‘\\\

\\\\\\\\\\\\\\
s

///////’/f//
i

£

Installing TightVNC is s;mple

command line, oi
window, enter: -

i

%

sudo ’ & 2 tightvncserver ‘ Q\\\‘\\\\
o . . . X . S
The X@#®%are will take several minutes to install. \\\\*\\%
s
\\%\\\\
-
D) Configure TightVNC to allow remote connections oy

//////4’/@
|
//%f/

Once it is installed, we need to configure TightVNC with a pas<

allow us to connect remotely to our Raspberry Pi: §‘
‘ \\ g\\\
First, make sure startx is running, then open an LXTerminal win: \\\\\
\\
Within the terminal window, enter: \\\\\\\%\
: tightvncserver
TightVNC will ask us to enter and confirm a password. Pick a
remember but difficult for someone else to guess! A mixture
characters is always a good method for a secure password.
Next, we will be asked whether we wish to enter a 'view-only’ ¢
password is used in case we wish someone to be able to view
our Pi, but not to control it. Enter 'y" if you 8t such a facilit
_ COPYRIGHT
Once the password has b siutly entered, TightVNC wi PROTECTED

configuration mess ng a port number:

18 raspberrypi:l

In thidcase, the port number is 1" Make a note of this port nut ig
the information to remotely connect to the Pi.

= Qg 1
NOTE: Every time we restart the Raspberry Pi we will need to Education
again. Always make a note of the port number.
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E) Install TightVUNC on the Windows PC

TightVNCServer on the Raspberry Pi forms one end of the co S

need. To form the other end of the connection we need to inst HE §
Windows PC: \\\\\\
Using the Internet, visit the website http.//www.tightvnc.com \\\x\ \\
Y
Download and install the appropriate version of TightVNC on \\E
the 32-bit version if unsure which is the right version to use. W §\\\\\\§\\\\

o

\\\

§§§§§
%ﬁ&&&

§§@Q$

/,//////////
n

% i

hmg else if you Wlsh The installatic

/4/7

- \§§§§§
F) Connecting to and controlling the Raspberry Pi e -
Tg connect jco and remotel){ control our Raspberry Pi, we Qeed N
TightVNC Viewer on our Windows PC. We will need two pieces \§ |

////
%//

gathered previously:

\\
« The IP address of the Raspberry Pi: \\\\@‘\
, R
inet addr:192.168.1.89 Bcast:192.168.1.255 Mask 255.2 \\\§
it
*  The port number from TightVNC on the Raspberry Pi: \\\\\\\
New ‘X’ desktop is raspberrypi:1l .
When run, TightVNC Viewer will show this menu:
COPYRIGHT
PROTECTED

ig

a3

Education |

TightVNC Viewer needs to know the IP address and the port n\
with the Raspberry Pi. All we need to do is enter the address &
‘Remote Host' box. The port number follows the IP address,
separated by a colon. In the example shown here, the details a;:
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R

.

\\\
= -

\\“\\\\
\\\x\§

\ \\
1"
g
1

\\\

\\\\\\\\\\\\\\
s

'
\\@

s

\\\

s

HE

///////’/f//
i

g
%”/ff/

% i

\\\

‘.’/
1)
///f//%f/

B
\\\\\\\

\\

\\\\\\\\\{\\

Using OSX or Linux to connect

When using OSX or Linux, the process is the same except that
available for these platforms. Try a different freeware applicati
the VNC' instead.

COPYRIGHT
PROTECTED

YOURSEL

1 et fo the Raspberry Fi with an iPad, Android fablet
2 -style app. Mawy are available as freeware.

ig

«  Cowmbine this project with the Pi Camera project to create a wirel
battery-powered CCTV camera that can be operated remotely.

a3

«  Find out how to change the Raspberry Fi TightVNC password. Education)
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INTERACTIVE Quiz

R

DURRTION: SHORT e \
DiFFICLLTY: ERSY = -
\\* \\\\
In this project we are going to create an interactive quiz that \ _
input their answers and a score will be kept. \\\s
e
| T

ProJECT Aims

» To learn how to program
interactive quiz '

\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

s

To choose a

£

i

+ To create an
has five mul

%

lse the GPIO interface to light

» To repeated \\\\\\
up LEDs P \
a correct an \\\\
« Tooutputa \\\

* To use LEDs
or incorrect a3

//////4’/@
|
//%f/

S

/%

*\\\\\\
ProJECT Tasks i
| =
A) Choosing a theme
B) Writing the program
Extension
COPYRIGHT
PROTECTED

ig

a3

Education
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Project Tasks

R

A) Choosing a theme - \\
We need to choose a theme for our quiz. Choose a theme tha -

familiar with, something you enjoy. We need to think of five q %%
theme and three multiple-choice answers for each. Plan your S \\
to your quiz. \\\\

%%

¥§§§

§§§§§
%ﬁ&&&

B) Writing the program

///////’/f//
i

N

Now we have planned our
Once we have lea :

i

%

\\\\\\\
. ®
To create the code for one question, we would enter the follov -
("Welcome to my quiz") §§w\
score = 0 Char:ler?ggz Ca ss \\ §
i " - " each missing g
print ("Question 1") g pi §§§Q§§
print ("A. option 1\n" : i o
"B. option 2\n" i §§N§§
"C. option 3\n") %é \\\TQ
answerl = ("answer: ") i NAQN
if == "A": \
print ("Correct!") .
score = + 1
print ("Incorrect!")
The score is set to 0 to begin with and each time we get a que
increases by 1.
We repeat this process for each itil we have comp|e§§ COPYRIGHT
: PROTECTED
We can make o : re reliable by taking the inputa .
convess ¢r case. This means that if they typed ‘A’
gen' rect response. We can do this by using the lo
%if léger.answerl == "A"; *S;
: Qg
Once all questions have been asked, output the users score us:: ‘ .
Education
%print (" Your score is", str(score))
Why do we need to convert the score variable to a string to pr
we do not do this? .
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Extension

R

Try to put each question into a condition loop so that the quegEE

repeated until the answer is correct. You can do this by using s \\\\\\
You may need to research and find out how you can do this. \\N \\\\\
\ S \

; | ; s

STRETCH YOURSELE T

\\‘\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\\\

\Q\&\\

-

Find out how to create a ¢AI0 cin;uif ;"vs, owne green and o .

///////’/f//
i

g
%”/ff/

% i

/4/7

\\

*\\\\\\ﬁ\\

COPYRIGHT
PROTECTED

ig

a3

Education

Raspberry Pi Project Pack Page 19 of 89




INuT/0uTPuT Basi

R

DURATION: SHORT \\\\\\
CHFFICHLTY: MEDIUN . s

. & \\“\\
For this project we are going to learn about the Raspberry Pi's. F\fi
Purpose Input Output) interface and how we can use it to ac \\\\
and to output signals to components such as LEDs ” §\§ \§

" G,
PROJECT AiMs KOJECT OUTCOM\ G \@
» To learn about the « [twill lightup \\\\\\\\\\\\\§
. =

GPIO mt 2

\\\\\\\\\\\\\\\

« 1t will make ar.

» [twill turn an:

/4/7

a button
\\\\\\\
\\%\\\“
« To learn how to use the GPIO -
interface as an input with buttons. @\\\\\
. i o
To learn how to program inputs §

S

\\\\@

\\

*\\\\\\ﬁ\\

and outputs in Python

%
//%f/

,%
E

ProsecT Tasks
A} Understanding the Raspberry Pi's GPIO int:

COPYRIGHT

B) Using the GPIO to light an LED PROTECTED

C) Using the GPi_ to

ig

a3

Education
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Project Tasks

R

A) Understanding the Raspberry Pi’s GPIO interface

- \
One of the many great things about the Raspberry Pi is the buil \\N \\\\
(General Purpose Input Output) interface. This interface allows t \\\x\ E
with other devices and components. The GPIO interface is the se R \\\
the edge of the board, along from the Video-Qut port. el

%%

\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

///////’/f//
i

g
%”/ff/

% i

\\\\\f\
\\

. : : . . : ; -
Each pin carries a signal in or out of the Pi. We can configure 17.
inputs or outputs. The remaining pins are power or ground pins \\\@\\\
carefully. Power can be delivered at 3.3 V or 5 V, depending on ©: \\

‘.’/
///f//%f/

B
\\\\\\\

\\

\\\\\\\\\{\\

COPYRIGHT
PROTECTED

and fhls'is the mez‘hod we will use. e
REMEMBER: Pins 1, 2, 4, 6, 9, 14, 17, 20 and 25 are power/grot: - Leg
be used for inputs/outputs. Education
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B) Using the GPIO to light an LED — set up the circuit

First we need to build the inputs and outputs. S
S

EE \\

We will need the following components: \\\\
Raspberry Pi kit \\\x\ §
: L \\
*  Full-size breadboard L W
R
+ 1xLED R

\\\

&\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\‘\

\\\\\\\\
Connect the components as follows: ot

« 1 x button

/,//////////
N

% i

/4/7

Place the resistor on the breadboard, one leg in slot €55, th

\\\\\\\

//////%/
"

Using one male-to-female jumper lead, connect the female

. S
(ground), and the male end to slot ¢59. This connects the re §\\\ \§\
Using a male-to-male jumper lead, place one end in slot a5 \\\\\
ground (blue) track at slot 55. We now have a resistor-prot \x
connection. \\\ﬁ\
Now, place the remaining components and leads as follows:
LED LED slots Ground lead slots +ve
led1 e10, el1 c11, ground track 11 al0, 5
COPYRIGHT
PROTECTED

ig

a3

Education
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The LED should look like this: The resistor s

L

The pins should look like this:

R

&X\\\\\\\\\\N

R
i

\\
s

SRR
Y
s

&\\\\\\\\\\\\\
s

W

g
o

. —
ey
h

S

HE

i
i

.

g
o

b

i

i

4
e

s

//Jf,;/’///
//’

7

S
S

R
Tt

-§
e

&\\\\\\
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() Using the GPIO to light an LED — writing the code

We can use Python to control the GPIO pins. First we have to

R

GPIO module, then state that we will be using a GPIO pin and S
. . . . \
an input or output. The code below configures one pin, pin 5, ¢ \\\\\
with an LED). & \\\\
: : : \\\%\ e
import RPi.GPIO as GPIO #imports GPIO module - s \\
GPIO.setmode (GPIO.BOARD) #set GPTIO in 'board' L W
GPIO.setwarnings (False) #switches off warning i §§§§§

\\\

\\\\\\\\\\\\\\
s

S \%'\'%‘\R\\
1)  dfturns LEDI on \ )
S

s

\\\

s

ledl = 5 pin 5 to LEDli

///////’/f//
>

GPIO.setup(ledl = GPIO. anfigures pin 5 as

i

%

y tell the pin to carry a current or n¢.

/4/7

( Challenge: Can you work out how you would turn the

////
%//

We can extend this code to write a short program that flashe

by the user. Open an IDLE window, and enter the following ¢ @w\\\\\\\\\

L Y
&

import RPi.GPIO as GPIO #imports GPIO modu S
‘\\\\\\

GPIO.setmode (GPIO.BOARD) #set GPIO in 'boardi: \\\

GPIO.setwarnings (False) #switches off warn i
‘\\\\\\\

from time import sleep #import sleep funct:é%

ledl =5 #assigns pin 5 to L&

GPIO.setup(ledl = GPIO.OUT) #configures pin 5

delay = float (input ("Enter the delay in seconds: ")) #

This code now needs a loop adding to it to make the LED flash.

( Challenge: Can ¢ode for the loop to make. PROTECTED

aim as LED_flash.py

Progi’amg using the GPIO interface need to be run with root ac g
LXTerminal window, and run the program with the command: ag

sudo python3 LED_flash.py EdUCQ'tk)ﬁ

When run, we should have a flashing LED.
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D) Using the GPIO to receive an input from a button

We can use the GPIO interface to receive inputs from componer;
buttons. To receive an input from a button, we have to tell the R:
listen’ for a signal. The button is connected to the Pi via an eleci:
press the button, the circuit is complete and current flows; when .
current flow stops. When the pin receives current, an input is reg

R R

First we need to build the inputs and outputs.

We will need the following components

Raspberry Pi kit

« 1 x button

« 3 x female-to-male jumper leads

3 x male-to-male jumper leads

1 x 470 ohm resistor
Connect the components as follows:

1. Place the resistor on the breadboard, one leg in slot e5*

2. Using one male-to-female jumper lead, connect the fen:
25 (ground), and the male end to slot ¢59. This connect:

3. Using a male-to-male jumper lead, place one end in slo;
the ground (blue) track at slot 55. We now have a resis
connection.

Now, place the remaining components and leads as follows:

LED led1
LED slots

Ground lead slots 1, ground track 11

+vp"‘ﬁ% ' in al0, 5
E}‘ button1
BUTi;ON siots e45, e47
Ground lead slots c47, ground track 47

+ve lead slots / GPIO pin a45, 21

R

.

\\\\\w
&5

\\\\\\\
\\%\

\\\
T
T
y

\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\\\

\Q\&\\

-

®

HE

i

iy,

o
e 4

i

%

/4/7

//////%/
k.

S

|
Yt

T
////

/

\
\\\\\\

\\

*\\\\\\ﬁ\\
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The button should look like this:

R

i
N

R

2

i
i

y

&\\\\\\\\\\\\%

-
\\\\\\\‘\

o
i
e

i,
)

i

1

i

F
i

R

S

)
st

iy,
i

| *

=
i

i
g\\\\\\\\
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The pins should look like this:

The whole circuit for an LED and button should look like this:

Next we have t

configure a GPIO pin as an input:

GPIO.setwarnings (False)

buttonl = 21

GPIO.setup(buttonl = GPIO.IN)

#imports GPI0 modul
#set GPIO in 'board

#switches off warni

#assigns pin 21 to

#configures pin 21

R

.

@-
= -

\\“\\\\
\\\x\§

\f\“\
T
T
8

¥§§§

§§§§§
s

\\\\\\\\\

§

HE

/,//////////
n

% i

.{f

\\\\\\\

@

s

@?

\\\

//‘Zf
1 )
///f//%f/

O
\\\\\\\
\\\\\\

%
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The code to tell the Pi to listen for a signal is:

while True:
N
while GPIO.input (buttonl): : S
o gx
pass - @&
if GPIO.input (buttonl) == False: # whei \\“ \\\\\
\f\“\
G
.
N
a'
i
-
code. B4
.
. . . @w§&§
import RPLi.GPIO #imports GPIO modu &
GPIO fzet GPIC in 'boardi: §§§§§
GPI{ #switches off warn \
ledl = #assigns pin 5 to ‘ﬁ&@x}
S
buttonl = 21 #assigns pin 21 to S
£ -
GPIO.setup(ledl = GPIO.OUT) #configures pin 5
GPIO.setup (buttonl = GPIO.IN) #configures pin 21 \%\\x\\\\\
-

////
%//

from time import sleep #import sleep func

while True: #repeat continuouslg §§§§§
while GPIO.input (buttonl): #listen i §§§§§§
pass .
: : - , \\é
if GPIO.input (buttonl) == False:
GPIO.output (ledl, 1) ‘\\\\\\ﬁ\\
sleep (1)
GPIO.output (ledl, 0)
Save the program with the filename LED_button.py
Open an LXTerminal window, and run the program with the c
|sudo python3 LED button.py
When the button is pressed, the LED COPYRIGHT
PROTECTED

ig

«  Add wore LEPs and buttons, perhaps even different coloured ones ‘ Qg.
Education |

«  Work out how fo have different patterns of LEDs lit depending
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e R

BiNARY Convslzsi@gz

[N TN - ) TINT
!_l!_li%::l I [ B W | Iy [ ]
[ i T g m
L l!_!_ll_l':I HFH%!_I

For this project we are going to convert denary (base 10) nu
and learn how to get the Raspberry Pi to light LEDs to output t

ProJeCT Ains R

» To understand how to convs
from denary to binar
| binary « twill conver‘g;
integers from.

SO arn about the Raspberry Pi's « ftwill use LEIZsiE
GPIO interface binary numbe

» To learn how to use the GPIO
interface as an output to light
LEDs

» To use LEDs as a method of
outputting binary numbers

ProJECT TASKS

A} Convert denary to binary

B) Write a program to convert denary

Extension: Understandinn,

R

.

\
\\\\\\

.

\\\ i

\\\x\§

\\\
T

s
.

\\‘\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\‘\

s

\Q\&\\

-

HE

///////’/f//
i

22
%”/ff/

% i

/4/7

\\\

//////4’/@
|
//%f/

E

S

\\\\@

\\

/%

\\\
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Project Tasks

A) Convert denary to binary

At its most basic level, a computer is a collection of circuits. Th
either have current flowing through them (on) or not (off). Data:
circuits on or off.

Binary notation uses two digits, 1 and 0. We can use a 1 to repr¢
on, and a 0 to represent a circuit that is off. Thus we can represg
1s and Os. Each individual dfgat {s known 8-bit binary v
il either be lit (1) or:

luies that increment in powers o;
| 1,000,000 | 100000 | 10,000 |

Gu.000

gelare represented by putting digits under the place value
number 123 is represented as:

Place value 10,000,000 1,000,000 100,000 | 10,000 | 1@
Digit

This gives us (1 x 100) + 2 x 10) + (3 x 1) = 123.

In denary the biggest number we can represent using 8 digits is :

Place value 10,000,000 1,000,000 100,000 | 10,000
Digit 9 9 9 9

(9 x 10,000,000) + (9 x 1,000,000) + (9 x 100,000) + (9 x 10,
100) + (9 x 10) + (9 x 1) = 99,999,999.

Binary place values increment in powers of 2:

|Placevalue | 128 | 64 | 32 | 16 | 8 |

placing a 1 or 0 under each place value. We place a 1 if we ne
0 if we do not. In binary, the denary number 123 would look [

Place value 128 B4 32 16
Number 0 1 1 1

(1 x 64) + (1 x 32) + (1 x 16) + (1 x.
0717 1071.

mber we can represent with 8

64 32 16 8
i 1 1 1

(1% 728) + (1% 64) + (1x32) +(1x 16 +(1x8 + (1 x4)+
255, orin binary 1111 1111.

Challenge: Convert the following denary numbers
7 25 93 164

R

.

\\\\\w
&5

\\\\\\\
\\%\

\\\
T
T
y
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\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\\\

\Q\&\\

-

®
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i

iy,

o
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i
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/4/7
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B) Write a program to convert denary to binary

We can write a Python program to convert denary to binary. A
this program would be:

ST e

g O B e R TRt

First, open up a new {DLE3 window.

To aid us we will need to use a Pytheg
built-in binary conversion,
use the time’ mo

le“called 'numpy’.

ement a shght delay. Add code t

#import modules

from numpy import binary repr

from time import sleep

R

.

@-
= -

\\“\\\\
\\\x\§

\\\

o
EE

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

\\\\\\\

%%y

i

g
4;%?

% i

4?

//////%/
k.

S

10

i
//,/7

H

/

\
S

%&QW\

%

COPYRIGHT
PROTECTED

ig

a3

Education

Raspberry Pi Project Pack Page 31 of 89




Now, add code to set the denary number, and convert the den

denary = 1 #variable, holds der:
e N
R
\\\\\
print (denary) #ouput denary number; §&
binary = binary_ repr (denary, 8) #convert denary num@é gi‘§&\
- . : - \‘§\\
print (binary) #output binary . \ \w\
sleep (0.5) #pause for 0.5 seco §§§
5
\
L ! \%
W
§§§&§

Nﬁ&&&

§§@Q$

s

\\\

s

\\\\\\\

4?

Lastly, we need to include a loop so that the program runs cor

#binary conversion

//////%/
"

ﬁk
#import modules §§§\Q§

T
from numpy import binary repr - W&Q“\
from time import sleep i %

denary = 1 #variable, holds

while True:

print (denary) #ouput denary numi

binary = binary_repr(denary, 8) #convert denary n
print (binary) #output binary

sleep (0.5) #pause for 0.5 se

v COPYRIGHT
#if denary number PROTECTED

¥reset it to 1

denary += 1

if denary > 255

ig

Now run the program, and binary numbers will appear on the

a3

Education
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Extension: Understanding the GPIO interface

One of the many great things about the Raspberry Pi is the builiig s

(General Purpose Input Output) interface. This interface allows s \\\\\
with other devices and components. The GPIO interface is the s . -
ideo- &

the edge of the board, along from the Video-Out port. \\\ \
. : : . . , s

{:'ach pin carries a signal in (.)I’.OUZ' of the Pi. We can conﬁgurg 1 \\\s

inputs or outputs. The remaining pins are power or ground pins e

‘ &

o

\\\

\\\\\\\\\\\\\\
s

\\\\\\\\

\\\\\\\

\\\

s

)
B

carefully. Power can be delivered at 3.3 V or 5 % depending on

///////’/f//
i

NOTE: Be extremely careful Wi GPIO pins - conn .
wrong pins can dama,

s
ﬁ///f/

% i

.{f

il
and s s the method we Wu'{ use.

i

////
%

R4
\\\\\@\
*\\\\\\

\\

“\\\

Remember: Pins 1, 2, 4, 6, 9, 14, 17, 20 and 25 are power/gro
be used for inputs/outputs. -

Connecting a single LED

Connecting a single LED is straightforward .5
short Python program to turn the L

COPYRIGHT
PROTECTED

) ohm resistor — this protects the circuit

ig

. 2 x female-to-male jumper leads — connects the comp

a3

Education

. 2 x male-to-male jumper leads — completes the circuits:.
1 x LED .
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Connect the components as follows:

Place the resistor on the breadboard, one leg in slot 55, the ¢

Using one male-to-female jumper lead, connect the female en
(ground), and the male end to slot ¢55. This connects the resis::

Using a male-to-male jumper lead, place one end in slot ¢55,
ground (blue) track at slot 60. We now have a resistor-protec

Place the LED on the breadboard, putting the langer leg (posit
shorter leg (ground) in slot e4.

Connect one male-to-m.

The LED circuit should look like this:

We have now completed our initial hardware circuit. Next we
switch the LED on and off.

R

.

\\\
= -

\\“\\\\
\\\x\§

\\\
T
T
8

\\\

\\\\\\\\\\\\\\
s

\\\\\\\\\

§

HE

/,//////////
n

% i

.{f

\\\\\\\

\\\

s

/,/,//

\\\

//‘Zf
1 )
///f//%f/

O
\\\\\\\
\\\\\\

\\
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Write a program to light the LED

We can use Python to write a simple program to light the LED.

built-in modules that make programming much easier. To use

import them into our program. To switch an LED on and off, w
« RPiL.GPIO (note the lowercase ‘i’)

e time

Open up a new IDLE3 window, and enter the following Python

#import modules
import RPL.GPIC as G

#required to

#required to é;

Next, we have to tell the Raspberry Pi that we will be referring

numbers (known as BOARD mode):

GPIO.setmode (GPIO.BOARD) #set GPIO in

GPIO.setwarnings (False) #switches off%f

Now we have to tell the Raspberry Pi that we want to use a pir:

how we are going to use it (input or output):

led = 8 #assign pin td

GPIO.setup(led, GPIO.OUT) #configure G

All we need to do now is tell the Pi to switch the LED on and o3

While True:
GPIO.output (led, 1) #LED on
time.sleep (1) #pause

GPIC.ocutput(lied, 0}

time.sleep(l)

R

.

@-
= -

\\“\\\\
\\\x\§

\f\“\
1"
\\\\\\\\\\

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

HE

///////’/f//
>

"4;‘/
i

%

4?

////
%//

\\\\@

§&§j§
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The full program looks like this:

#binary conversion T

#import modules %; RS
\\\\\
import RPi.GPIO as GPIO #required to & \\\\
from time import sleep #required to iy i @&\
Wiy
gy
GPIO.setmode (GPIO.BOARD) #set GPIO in & "
GPIO.setwarnings (False) #switches off%% §§§§§

¥§§§

§§§§§
%ﬁ&&&

GPIO (led, GPIO.OUT) \\\\\\

s

#assign pin to LED
led =

g
4;%?

% i

sin as output

4?

s
5
While True: - §&
GPIO.output (led, 1) #LED on - -
time.sleep (1) #pause §§'\§§
i
GPIO.output (led, 0) #1LED off §i§j$
S
time.sleep (1) #pause §§ W§§
Now, save the program, giving it the name ‘binary_LED.py’. = ‘\\\\\\
\*
To run the program we need access to the command line. Ope \\\\\\\%\
window and enter: \\
%sudo python3 binary.py
The LED should flash on and off. If it doesn’t, check the following:
« That all leads are properly connected
« That connections are in the correct slots
«  That the correct pins have bes; COPYRIGHT
PROTECTED

correct way around

ig
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Bringing it all together

The next task is to extend our Python program to include the i
N

convert to binary and to use LEDs to output the binary numb B—
First, set up the rest of the LEDs on the breadboard, using the f &\\\\\\\\\\\\\\
1 . \\\}\\ \\‘\\.&\\

Remember, we've already set up the first LED (led), but now re Iy
LED LED slots | Ground lead sl 1"
slots | Ground lead s et

i

i

led128 ¢4, ground track

&\\\\\\\\\\\\%

.

i

b

e9, e10 ¢10, ground tra

S
e15,e16 | c16, ground tra \\\\\@
16 -
G
s
led16 e22,e23 | c23, ground track
- \.\‘.\\\\\ X
23 §~% \§
led8 e28,e29 | c29, ground tra @“\\\\\\\\\
29 B8
led4 e34, e35 | ¢35, ground tra \\\\§
35 i
g\\\\\\\\\\
led2 e39,e40 | c40, ground tra
40

led1 | e45, e46 | c46, ground | c45, 26
track 46

COPYRIGHT
PROTECTED
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You should find it looks like this:

R

.

@-
= -

\\“\\\\
\§§i§

\f\“\
1"
%&S@S\

§§§§

§§§§§
w&&&x

%%y

/7

i

%

§\§§§
T
\\\\\\
= §&
e @ﬁ\
Now we need to set up the rest of the GPIO pins: \§ !
W
#import modules . §§§&§
import RPi.GPIO as GPIO #required to & § §
from time import sleep #frequired to s %&QW\
GPIO.setmode (GPIO.BOARD) #set GPIO in \\\Q
GPIO.setwarnings (False) #switches off i@ ﬁ%
= N
i \
#assign pin to LED
ledl28 = 8
led64 = 10
led32 = 12
ledl6 = 16
led8 = 18
ledd = 22
re 2 COPYRIGHT
e PROTECTED

#configure GPIO

GPIO.sat 0.0UT)

GPIC ) GPIO.OUT) .

cPTo Wtup (1ed32, GPIO.OUT) i iEB
GPIO.setup(led1l6, GPIO.OUT) :

GPIO.setup (led8, GPIO.OUT) . | {15% |
GPIO.setup(led4, GPIO.OUT) Education

GPIO.setup(led2, GPIO.OUT)
GPIO.setup(ledl, GPIO.OUT)
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The next step is to integrate the conversion code we wrote pre
the code, making sure the program matches what's printed be

import the ‘'numpy’ module: s
#binary conversion §&

. = o Qk
#import modules - % \&\
import RPi.GPIO as GPIO #required to & \g\w\
from numpy import binary_repr i \§$

| s
from time import sleep #required to §\§\§

¥§§§

ber into a list containi _—
o . . . s L M M M =
camine each individual digit —if it \\\\\\\\\\\\\\\

code we use: \\\\\\

s

\\\

s

\\\\\\\

/7

Now we have to write the code to.o
this, we need to convert ot
dtglts From this |

i

%

4?

binary = str (binary)

binary list = [] for x in range(0,8): r’

Challer.
\ what th

binary list.append(binary[x])

//////%/
E

R

10

| %

Now we have to examine each digit in turn and see whether it St
digit in the list corresponds to place value 128, the second to \\\\\\
on. The last digit in the list corresponds to place value 1. Becau%f \\
place value the digit corresponds to, we can tell the Raspberry \\\ﬁ\\
Remember, computers start at 0, so the first digit in our list is
if binary 1list[0] == "1": #if the first elemeég

GPIO.output (led128, 1) #switch on LED128
if binary_ list[1l] == "1": #if the second elem

GPIO.output (led64, 1) #switch on LEDG64
if binary_list[z} == "i¥;: #and =so on.

GPIO.output (led32, 1)
if binary list[3] == "1": COPYRIGHT

GPIO.output{ledls, PROTECTED

if binary list]

GPIO.cutput(ledd, 1) %g *E}
if binary list[6] == "1": =

a3

Education

GPIO.output (led2, 1)
if binary 1list[7] == "1":

GPIO.output (ledl, 1)
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We also need to switch off all the LEDs before we increment t

GPIO.output (1ledl128, 0) #switches off all L

i

GPIO.output (1led64, 0) S
§

GPIO.output (1led32, 0) \\\
GPIO.output (ledl6, 0) \\\ \\\\\
e
GPIO.output (1ed8, 0) g \\
GPIO.output (ledd, 0) L W
~ e
GPIO.ocutput(led2, 0} §\§§

GPIO.output(ledl, 0) A

///

ﬁ%%?

%
%%%éf

i

#kinary conversion \\\\\\\\\\\\\\%

Nﬁ&&&

\\\\\‘\

%

/4/7

2¥i GPIO as GPIO #required to acce

from numpy import binary repr

\\\\\\g\\\
from time import sleep #required to impl \\\\\
GPIO.setmode (GPIO.BOARD) #set GPIO in 'boa
GPIO.setwarnings (False) #switches off war &?\\\\\\\\\
#assign pin to LED §\\\\\\\§
ledl28 = 8 \\\\\\\\\\
led64 = 10 \\\\E
led32 = 12 \\\\\\\\Q
ledl6 = 16 \
led8 = 18
ledd4 = 22
led2 = 24
ledl = 26
#configure GPIO pin as output
GPIO.setup (led128, GPIO.OUT)

GPIO.setup (led6d, GPIO.OUT) COPYR'GHT
GPIO.setup(led32, GPIO.OUT; PROTECTED

GPIO.setup{ledib

G0, 0UT)
d4, GPIO.OUT)

GP10 . ¥etup (led2, GPIO.OUT)

ig

GPIO.setup(ledl, GPIO.OUT) Qg

Education
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denary =1

while True:
GPIO.output (led128, 0)
GPIO.output (1led64, 0)
GPIO.output (1led32, 0)
GPIO.output (1ledl6, 0)
GPIO.output (1ed8, 0)
GPIQ.output (led4, 0)
GPIO.cutput{(led2, Q)
GPIQ.output{ledl, 0}
print(denary)

binary = binarv,.r

str({binary)

binary_ list = []

for x in range(0,8):

if binary_ list[0] == "1":
GPIO.output (1ledl128, 1)
if binary list[1l] == "1":
GPIO.output (led64, 1)
if binary list[2] == "1":
GPIO.output (led32, 1)
if binary_ list[3] == "1":
GPIO.output (ledl6, 1)
if binary_ list[4] == "1":
GPIO.output (1led8, 1)
if binary list[5] == "1":
GPIO.output(ledd, 1)
if binary list[8] == "1":
GPIO.ocutput{le

denary += 1

if denary > 255:

denary = 1

binary list.append(binary[x])

#variable, holds

#switches off all

¥oonvert denary nu

foutput binary

fconverts the bin
string

#creates an empty
#take each digit
#and add it

#1if the first ele
#switch on LED128
#1f the second el
#switch on LED64

#and so on..

#increment denary
#1f denary number

#reset it to 1

R

.

‘&\
\\\\
@ﬁ i
\\\x\§

R \
\\\\\%\\\\

HE
R

\\

///

ﬁ%%?

%

i

&\\\\\\\\\\\\%
\\\\\\\\\\\\\\\

§§@Q$

s

@-

s

%

4?

B
\\\\\\\
%&QW\

%

“\\\

=<

COPYRIGHT
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if binary_list[6] == "1":
GPIO.output (led2, 1)

if binary list[7] == "1": s
GPIO.output (ledl, 1) i ““gg\

3 \

- -

- *§ @&\
sleep(0.5) #pause for 0.5 secq \§§
denary += 1 #increment denar §§§

Y= e T gy

i . C g oEoa

if denary > 255: #if denary number E 8o
. o Q.\\

denary = 1 it to 1 : §§ N§§

zz W

Finally, save the pro the name ‘binary_LED.py". C¢ \\\\\\\\\\\\\§

e E

using: \\\\\\\\\\\\\\\

\\\\\\\\

\Q\&\\

-

4?

S

STRETCH YOURSELF

%

L
«  Find out how negative numbers are represented in binary. \\\\\\

%

» Add fo your program a means of outputting negative binary num y
= :\Q\\\\\a\\\

COPYRIGHT
PROTECTED
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Ur. Down LerT. R

S R W

R

FUADET LN M) e
DURRTION: MEDILM \\\\\\
MUCC LI Tid - WET )
DOFFICULTH: mED UM \\\\

\\%\\\

In this project we are going to create a game. The game will b; sy
computer is asking us in terms of the arrow keys up, down, left. \\\s

computer says up, we need to hit the up arrow, etc. T
puter says up : rm
| \\\\\\
PrOJECT AiMs KOJECT OUTCOMT: §\\ §
« To learn to crea - To output the \\\\\\\\\\\\\§

down, left an¢ e

= \‘\
« Tobeableto. \\\\\\\
to input a use: \\\\\\

you follow

/4/7

_ s
» To recognis \\?%\\\\
response mat .
Instruction §\\\\ 5
- To keep score. L
matches - R
 To output the A W
instructions \\\\\\
\\.
-
\\
ProsecT TASKS
A) Planning the program
B) Connecting the LCD screen
C) Import the necessary libraries and initialise LCD screen
D) Define the variables ... .
 Crente th COPYRIGHT
reate the program ..... -
prog | PROTECTED

ig

a3

Education

Raspberry Pi Project Pack Page 43 of 89




Project Tasks

A) Planning the program

Below is a simple flow chart for the game.

oo

o
£
&
&
deo Gunarale.
rariduay
] aumbker iy
o N 4 . :
‘4{ \\(} P g
§ Stop §
AN o

B AR

.&s,jd {13 &
AVERRIS I e
wkjﬁﬁﬁa

ARSRRRRRELEERERR Y

AGG Y bl Rzt cout

 Challenge: Loo
showing,..

ree errors in the flow chart; ca

R

.

‘&\
\\\\
\\“\\\\
\\\x\§

R \
\\\\\%\\\\

HE
R

\\

///

///////

%

i

&\\\\\\\\\\\\%
\\\\\\\\\\\\\\\

\\\\\‘\

s

\\\

s

%

/4/7

\\\\\\\

////%
%//

%

T

/

///f

\
\\\\\\

\\

“\\\

‘\\\\\\

COPYRIGHT
PROTECTED

ig

a3

Education

Raspberry Pi Project Pack

Page 44 of 89




B) Connecting the LD screen

We need to connect the LCD screen to the Raspberry Pi. We R

breadboard and jumper leads (see the binary converter project s \\\
information on connecting add-ons to the Raspberry Pi). \\\\
The setup needs to be wired as follows: \\\‘\"“ \\
s \\
S
\\\\\\\\\\
7
X W%
L \\\\\\\\
\\\\
L -
\\\\@
s
B
\\\\\\\{\\
i&% . . =
The LCD display that you can use can be a 5 V or a 3.3 V displ
a5V display is used, we need to make sure that the display
to the Raspberry Pl
PRer COPYRIGHT
f it does, it will Qaeqem 5 PROTECTED

GPIO pins and you
Rcf} Sg} i“m ] :

destroy the

Whe g the 5V LCD display you must
connect the R/W pin on the display to
ground.

ig

a3

Education

You can also use a ribbon cable to connect
the LCD screen to the Raspberry Pi
(as shown on the right).
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() Import the necessary libraries and initialise L(D screen

There are three libraries that we will need for this project. The . R

and ‘random’, and from each of these libraries we need two sp R \\\\\
and ‘randint’. These will be used to create a delay between ea -

computer will give and to create random instructions. Input th & \\\\

L

- : : S \

from Adafruit_CharLCDPlate import Adafruit_CharLCDPlate \\

i \\\

from time import sleep ER

from random import randint ;

\\\

&\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\‘\

D) Define the variables \\\\\g\\\

/7

We now need to initialise the | g the following:

i

%

$identifier for LCD i

led. b - #initialise LCD

/4/7

We then need to define four variables to store the data we W|IE

S
program: §‘\ \§
delay=2 #how long the player has to p %\\\\\\\\\\

. &
counter = 0 #runs down the clock \\\ §

S
score = 0 #keeps track of how many corr \\\\\
play = True #game continues while True \\

. i

iy

E) Create the program
Input the following code. There are some gaps that have been |
( Challenge: Can you work out what each missing piece
from Adafruit CharLCDPlate import Adafrui CharLCDPlater%i
from time import sleep A COPYRIGHT
from random import randin PROTECTED

led = Adafruit Cha #identiféj

lod. beggn (1 $initial

#dec A =
delay=2 *g
25 B
=0 Education |
=0

play = True
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lcd.clear () #clear

R

lcd.message ('Press the\n') #displa

instruct T gx
lcd.message ('correct button!') @&
sleep (2) #pause §i$§§>
led.clear () \J\W\
lcd.message ('Ready...\n"') §§$
sleep(1) §\\\\§\\\\§
led.message (' Steady. .. ) §§§N§§
sleep (1) §§ §§
led.clear () §§§§§

Nﬁ&&&

§§@Q$

lcd.message !

4?

#keep p
led.clear() ‘$&§§5
number =randint (1, 4) #genera §§
from 1
if = 1: #if §§§&\\
lcd.message ('Left\n') #displa §§ §§
__ number == 2: #if 2 §§§&\\
('Right\n’) #displa §§x§§
elif number == 3: #if 3 §&§“§
lcd.message ('Up\n') #displa 5 §§
#otherwi 3§§§§x
lcd.message (' ") #displayi
while < delay: #as long
if lcd.buttonPressed(lcd.LEFT) : #if left
if number == 1: #and rand
lcd.message ('Correct!') foutput 'Ci
+=1 #add 1 to Z
else: #otherwis
play = #play sto
e -

#as above

led.message ('Correct’)

score +=1

ig

else:
Qg

Education

play = False

break
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if lcd.buttonPressed(lcd.UP):

if number ==3:
("Correct!') ?\\\\\\\\\\\\\\\\
score +=1 \\\\\\\\
else: \\E\ -
\ S
= False \\% \
break s \\
2y \\\\
3 R
if led.buttonPressed (lcd.DOWN) §\§\§
if number == \\\\\\\
led.me
oda.mes x \\\3\\
'%
\\\\\\\\\\\\\Q
e

play = False \\\\\\\\
break
\\\\\‘\

counter +=0.1 #run down ti

/4/7

\\\\\\\\\
%\\\
sleep(0.1) #pause to a \\\\\?
if counter > delay: #if the plaj
play = False #play stops §\\\\\\\\\
counter = 0 #reset counég @Q\\\\\\
sleep (delay) #pause \\ §
lcd.clear () 4clear ICD o \\\\§
lcd.message ('Oops!\n') #game over i i
sa®
lcd.message ('Score: ' + str(score)) #output sco \\\\\
Run the program and follow the instructions on the LCD screet:
buttons for the computer’s instructions. -
STRETCH YOURSELF
. COPYRIGHT
. PROTECTED

WEind a red if the user response is incorrest, §9

a3
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COouNTDOWN

R

DURATION: MED UM e \

DHFFICU_TY: ERGS -

&

For this project we are going to create a countdown timer, us §\§§
outputs and inputs for display and control. \\E
PROJECT AiMs 0secT OuTco @\\
« To program a countdow It will allow §\\ §
number of \\\\\\\\\\\\\§
count down \\\\\\\\\\\\\{\

» The inputs w

Vol ;
o learn how to validate an input only allow a

s
to accept only certain numbers minutes and \\\\\\\\\\
. ~ @
» To learn how to use the OS As the timer
module to clear the screen time remain \\\

on the screen.

////f%
|
//%f/

E

» To use the Raspberry Pi's hardware
facilities to create a matching LED
output and a button control

S

\\\\@

\\

« The display n
before the n
displayed

/%

“\\\

*\\\\\\\

COPYRIGHT
PROTECTED

ProsecT Tasks
A) Flow charts..

ig

Extension

a3

Education

Raspberry Pi Project Pack Page 49 of 89




Project Tasks

A) Flow charts

Below are two flowcharts:

Is mark ~/ You have
>=5
passed

N

N

You have not
passed

Before we can code our countdown timer, we will need to des

B) Design the program

ction and iteration to

. What inputs will be required?
«  What outputs will be required?
«  What decisions need to be made?

*«  What checks need to be made?

R

.

\\\
&5

\\\\\\\
\\%\

\\\
1"
\\\\\\\\\\

\\\

\\\\\\\\\\\\\\
s

\\\\\\\\

\\\\\\\

\\\

s

)
B

HE

///////’/f//
i

s
ﬁ///f/

% i

.{f

i

////
%

. x

\\

“\\\

COPYRIGHT
PROTECTED

ig
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() Create the program

You will need to create the following program in Python to cr S

countdown timer. There are some gaps in the code. R \\\
-
Challenge: Can you guess what i\\%\%
. . \
the missing pieces of code are? o \\
St
#import Lime function from sleep module §§§§§
#time will be usged to implement the s s' delay §ﬁN§§
from time import sleep §§ &
e
e

be used to clear the disp Q&ﬁﬁﬁ&

§§@Q$

#import os m

4?

#create a function to validate the inputs for minutes \§§§§}
\
def get_number () : §&
#loop until a valid number is input
while §§ §
3
try: §§ §&
number= (input ("")) % \
9
#if valid number is input, exit the ko
g
if >=0 and number <=59: \\§§
break ¥§\§
else: Q§§\
#if a number outside the valid range
#display a message informing the use
("Enter a number fro
except:

#if a letter etc. is input
#display a message informing the use

print ("Not a number. Enter a number

$return the input number

COPYRIGHT
PROTECTED

ig

os.system("clear")

a3

Education

#get minutes and seconds for countdown

print ("How many minutes? (0 to 59) ")

minutes = get_number ()

print ("How many seconds? (0 to 59) ")

seconds = get_number ()
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#check that there is still time to count down
if minutes >=0:

#create countdown loop §§ N

i
True: . gx
#clear the display - @&
os.system("clear") i \§§ \
#display time remaining = \J\W\
display = "Time remaining: " + (minutes: \\\\\
play = LInE ing: o §§§§§
print ( ) EE B
Qm
#pause for one second §§ N%&
‘ o
sleep(l} = §§ §i
=
#reduqg ing by one second - §§§§§

Nﬁ&&&

check to ses if seconds remaining is now 1

; &
#if yes, reduce minutes left by 1 and reseti §§@§$
s
if ==-1: \‘.\\\
: L -
minutes —=1

seconds =59

\\\\\\\

#check to see if minutes remaining is now L

//////%/
.

. . -
#if yes then exit the loop §§§§§
if ==-1:

b k = §§§§§
rea - g
RY,
#display finish message i 3&§§

print ("Time's up!")

Extension

The display needs formatting properly. Both minutes and seco
displayed with two digits. If less than 10 seconds remains, a ‘0"
front of the seconds to maintain the two digits. For example, i

COPYRIGHT
PROTECTED

ig
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STRETCH YOURSELF

R

.

\\\\

¢ =

«  Try fo creatfe an addition to the timer so that when the fime re QQ\Q\\
light five LEDs, one for each second fo count down. As the secon s
the corresponding LED until none remain when the countdown ha: \\\%

- Add a start/stop feature using a button, R

\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\

T
@*

-

///////’/f//
i

as: once the blrrrc\:

«  Add a stopwateh feature to the .
e outton is pressed again. Th

starts and counts y|
dxsplayed

22
%”/ff/

% i

0 that the user may choose to rum either the coun

S

%

S

i
)
A4

/’

G

\\‘\\.

\\

“\\\

*\\\\\\\\\\

COPYRIGHT
PROTECTED

ig
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R

DURRTION: SHORT \ \\\\\\

DHFFICU_TY: ERGS \\\\
For this project we are going to turn our Raspberry Pi into a | E\*": \\
server. \\E
In this project we are going to compare the §\\\\\§\\\\§

\\\

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

configure a web server on a \\\\\\\
- . i
Raspberry Pi using Apache It will use Apa: \\\\\\

software for h

using the Command Line versus the Gr

///////’/f//
i

£

i

%

ProsecT Ains

at a webserver is + {twill hostw

network

« To learn how to access the web
server's pages from another device « Itwill allow e
on the network

\\\

//////4’/@
|
//%f/

\\\\\
« To understand how to add our \§ =
S
own pages to the web server \\\E\\
o
\\&\\
\\\“\\\\\
ProJECT Tasks
A) Installing Apache on the Raspberry Pi
B) Access the Raspberry Pi web server from another device
C) Edit the default web page ..........
: P2g COPYRIGHT

D) Add a new page ...... PROTECTED

ig

a3
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Introduction to Web Servers

The Internet is a huge network of computers spread across the

R

these computers access information and some provide informa s \\\\\\
often presented via web pages. Computers that host websites a i

known as web servers. When we visit a page or site on the Inte & \\\\

e

one or more web servers. s \

S

It's not just the Internet that has web servers. Many organisatio -

PR

cessed from t
with the web s
“data and informat
nauthorised users on the Inte

and schools have web servers that can only b
area network (LAN). This type of netws
intranet. Intranets help 0rga ”
information and datc

\\\

§§§§§
%ﬁ&&&

\\\\\\\

@%

Project Tasks F

\\\

///////’/f//
i

22
%”/ff/

% i

) to turn our Raspberry Pi into an intranet w
g host web pages that can be accessed on our LAN.

//////4’/@
|
//%f/

A) Installing Apache on the Raspberry Pi

The first step is to install Apache on our Raspberry Pi. Apache \§\ \\\:\\\\

. . . R
source web server that is used by organisations over the world \\Q\\
web pages. It is extremely simple to set up, but has many faci \x
users can implement. However, our web server will be quite SIF \\\\\ﬁ\\
To install Apache, make sure the Pi has an Internet connectionég
LXTerminal window (or from the command prompt) and type:

sudo apt—get install apache2 -y A
The software will take a few moments to install.
During the mstaillng process Apache mstalls a sample web pa¢
COPYRIGHT
PROTECTED

ig

Wouldn t know how to contact us. /n fact on a network any de
network connection has an IP address, even devices such as pri Qg |
smartphones and smart TVs. Education

Before we can use another computer to control our Raspberry
our Pi's IP address. Finding it is easy: -
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Either via an LXTerminal window, or the command prompt, en

- ifconfi

. ifconfig —
L : s \

Done correctly, this will generate a message along the lines of \\*‘
Link encap:Ethernet HWaddr b8:27:eb:5f:£6:bb \\\ \\\\\
2 \§§ \
inet addr:192.168.1.89 Bcast:192.168.1.255 Mask 255.2 \\\
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 \\\\\
i Sanmaam
RX packets:252 errors:0 dropped:0 overruns:0 frame:0 : §\§\§
TX packets:100 errors:0 dropped:0 :0 carrier:0 \%\\\\\

; ; - &

Collisions: 0 txqueuelen:100 5 b\\ §
RX bytes:37493 (36, vtes:9528 (9.3 KiB) \\\\\\\\\\\\\%
S s

\\\\\\\\\\\\\\\

\\\\\‘\

s

\\\

s

\\\\\\\

This ils us lots of useful information about the Pi|
information we need sits in the second line: ’

/4/7

%inet addr:192.168.1.89 Bcast:192.168.1.255 Mask 255.2

The IP address of our Raspberry Pi is the first collection of four
192.168.1.89 Make a note of whatever address is given here as
which we can access our web server.

//////%/
"

@\\\\\\\\
Now, using Midori, enter the Pi's IP address into the address b | \:%
the beginning: \\\\@
“http://192.168.1.89 \\
\\\\\\\“\
We should now see the default web page: \\
It warks'
This is the default vl pags for this server.
i Thie vesh sarver software s running but na contert has been added, yet,
COPYRIGHT
PROTECTED

ig

The web server is installed and configured. ‘ Qg,
Education |

NOTE: Now that Apache is installed, it will run automatically “
Raspberry Pi boots up.

Raspberry Pi Project Pack Page 56 of 89




B) Access the Raspberry Pi web server from another device

Next, try accessing the same web page from another device.
device’'s web browser, type the web server, as before. You sho

page:

R

.

@-
= -

\\“\\\\
\\\x\§

\f\“\
1"
\\\\\\\\\\

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

HE

t works!

///////’/f//
>

This & the defial

i

%

we fv renng o condent Nas been added,

4?

() Edit the default web page

////
%//

The Apache web server we have installed has a specified dire @\\\\\\\
the server's web pages are hosted. We need to access this dir \§\ §
. S
remove or edit any web pages. \\\Q\\
The web server directory is ‘/var/www'. To access this director \\\
LXTerminal Window. Next, type in: -
: Ve \§§§§
- cd /var/www
This will change the current directory to the web server's root ¢
this point should list contents of the directory:
pi@raspberrypi /var/www $ 1s
index.hmtl
The home page of a website is usually giv name ‘index.hi
i COPYRIGHT
PROTECTED

ig

The edrtor will display the web page’s code. It is written in a |
Hypertext Markup Language, or HTML for short.

a3

Education

<html><body><hl>It works!</hl>

<p>This is the default web page for this server.</p>

<p>The web server software is running but no content has

</body></html>
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Notice that some of the text in the document sits with brackets
<html> T
<body> s
<h1> \\\\
<p> @ \\\\
Do not edit this text in any way! These are special keywords k \ \\§
. \\\
a web browser how and where to display content on a web pa §\\\\\\\\\\
Each tag is opened and must be closed ing tag uses §\\\
a tag and a closing tag uses a i 5\\ §
sits between the open anzi: ——
¥ = §

s

\\\\\\\\

.{f

Explanation: \\\\\g\
. e
<h1> - opens the tag
It works! - The content within the tag \\\\\\\\
&
</h1> - closes the tag \§ §
Before we go any further, save a copy of the index.html file it § \\\
3 \\ \%\\\
wrong. \\\\\\
-y
Now, try changing the content within the tags, but don't move \\
them unless you are comfortable using HTML. sl \\“
Try this:
<html><body><hl>Raspberry Pi’s are awesome!</hl>
<p>My Raspberry Pi is the king of cool.</p>
<p>My web server rocks!</p>
</body></html>
Save the index file using ctrl + x. Use ctrl + ¢ty exit the editor.
a browser on another device, open ‘ COPYRIGHT
PROTECTED

s are awesome!

. Ra¥%F¥herry Pi's

ig

Hdv Raspberry Piis the king of cool. Qg

My web sepeer vocks? Educaﬂt k)n
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Try adding another paragraph:

<html><body><hl>Raspberry Pi’s are awesome'!hl>
<p>My Raspberry Pi is the king of cool.</p>
<p>My web server rocks!</p>

<p>ZigZag rocks too!</p>

</body></html>

D) Add a new page

Adding a new page is straightforward. First, using 'nano’, open%i
‘index.html’ file and, using ctrl + o, save it under the file name |

change the text to read:

<html><body><hl>This is page 2!</hl>
<p>I made this page.</p>

<p>This means that I rock too!</p>

</body></html>

Save the file, then view it in your browser using the address:

http://192.168.1.89/page2

Tis mesas has T rosk tost

R

.

@-
= -

\\“\\\\
\\\x\§

\\\

sy
\M

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

\\\\\\\

%%y

i

g
4;%?

% i

4?

//////%/
k.

S

10

i
//,/7

H

/

\
S

%&QW\

%

COPYRIGHT
PROTECTED
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Now we need to add a hyperlink to our index page, which will
2 by clicking on a link. -

- S
To do this, open up the index using the nano editor and add the T \\

5 \\\\\\
<html><body><hl>Raspberry Pi’s are awesome!hl> \\\
<p>My Raspberry Pi is the king of cool.</p> \\\

s

My web ks! -
<p> y web server rocks!</p> \\\s
<p>ZigZag rocks too!</p> §\\\\\\
p>To visit page 2 click <a href="/pag tml">here.</a: \\
</body></html> . §\\ \
Save the file, and view it owser: \\\\\\\\\\\\\§
o
\\\\@
.
. Raspberry Pi's are
v Raspberry Pi is the king of cool. \§ \t%
My web sarver rocks! \\\\\
\\
FizgZag rocks ool \\\%\
\\\\\
We now have a Raspberry Pi web server, two web pages, and &
from one to another.
COPYRIGHT
3 o
ST OURSELF PROTECTED

¢ above, add a hyperlink from the second page back

- “tind out how fo add a hyperfink to an external website. ig

«  Find out how to format text in colour, or in a different font. | Qg
, , Education |

« Insert a picture or two, or even a YouTube video. -
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FoLLow ME

[l Ii:li:lT [ 1A A B T N[
LILONITTE a1 g
[ i T g m
L l!_!_ll_l':I HFH%!_I

For this project we are going to turn our Raspberry Pi into a chall;
using buttons and LEDs. The LEDs will light in an increasingly le
player must memorise the sequence and press the correct butt
sequence to stay in the game. The sequence wil';

ProJECT AiMs

« Tolearn a
« To learn how to use the GPIO

« To learn about procedures and
how to use them in Python

erry Pi's

interface as an output to light LEDs

interface as an input with buttons

ProsecT OuTcom:

> ltwill use the |
interface

» It will use two |
sequence of I

* Itwilluseabt
for the player |
sequence

« It will keep tra.

rounds the

« Attheendo

ProJecT TaSKS

C) Learn about procedures

D) Learn how our game works

E) Write the program

R

.
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Project Tasks

R

.

w.

L -
*§ Q&\

A) Remembering how to use the Raspberry Pi’s GPIO interface

One of the many great things about the Raspberry Pi is the buili.

(General Purpose Input Output) interface. This interface allows \\\x\ E
with other devices and components. The GPIO interface is the s e
G

the edge of the board, along from the Video-Out port. \\\\\\5\\\\

o

¥§§§

\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

§§@Q$

HE

/,///’///////
n

% i

4?

\\\\\1\\
\\
L -
iy,

NOTE: Be extremely careful when using the GPIO pins - conni A
wrong pins can damage the Pi. \\\\\§
The pins each have a name/number, and there are two methods%? ‘\\\\\\ﬁ\\
~'BCM’ and '‘BOARD'. Board numbering assigns a number from |
and this is the method we will use. .
REMEMBER: Pins 1,2, 4, 6, 9, 14, 17, 20 and 25 are power/grou:
be used for inputs/outputs.
We can use Python to control the GPIO pins. First, we have to i
module then state that we W|H be usmg the GPIO p|ns and co

COPYRIGHT

PROTECTED

dse with an LED)

) ; #imports GPIO module -i v
GPIO}seE&ode(GPIO.BGARD} #set GPIO in 'board' {E}
GPIO.setwarnings (False) #switches off warning {153

Education|

buttonl = 3 #assigns pin 3 to but

ledl = 19 #assigns pin 19 to LE
GPIO.setup(buttonl, GPIO.IN) #configures pin 3 as
GPIO.setup(ledl = GPIO.OUT) #configures pin 19 as
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To receive an input from a button, we have to tell the Raspbe
for a signal. The button is connected to the Pi via an electrical
the button, the circuit is complete and current flows; when we

R

current flow stops. When the pin receives current, an input is re s \\\\\
tell the Pi to listen for a signal is: \\\\

while True: #repeat continu: \\\‘\3\ \\

hile GPIO.input (buttonl) : #list \\\

while .input (buttonl) : isten \\\\\

ass awen

if GPIC.input{buttonl) == False: en button is \\\

§ \

: whatever, <3 § %

pressed") = X g

G

\\\\\\\\\\\\\\
s

- \\\\\\
1)y #turns LED1 on & - \

%

To operate an L&E iply tell the pin to carry a current or n¢.

.{f

To turn an LED off: \\\\\\g\\
GPIO.output (ledl, 0) #turns LED1 offy
-

B) Build the circuit \ $
Before we program the game, we need to build the inputs and \\\\\\@%
game will use two LEDs to generate the sequence to be mem \\\\\\
to allow the user to replay the sequence. \%
We will need the following components: \\\\\\\

« Basic Raspberry Pi kit

»  Full-size breadboard

« 2 xLEDs

« 5 x female-to-male jumper leads

+ 5 x male-to-male jumper leads

« 1 x 470 ohm resistor COPYRIGHT

PROTECTED

Connect the compone

ig

(ground), and the male end to slot c60. This conneCts the resis
Qg

Using a male-to-male jumper lead, place one end in slot ¢55, Education

ground (blue) track at slot 55. We now have a resistor-protect

Now, place the remaining components and leads as follows:
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LED LED slots Ground lead slots
led1 j10,j11 h11, ground track 11 : S
55 R \\"\\
. . \S\
led2 j40, j41 h41, ground track 41 r -
\\
R i\\\\§§
Button Button slots Ground lead slots \\\\
e
, SR
button1 e5, e7 a7, ground track 7 § \§ \§
\\\\\\
N g §‘
button? e35, e37 d track 37 ‘§ §

\\\\\\\\\\\\\\

\\\\\\\\

\\\\E\\\\\\
= -

‘\\\\\

\\\\

i SR R R : : a\\\\
o ...... i . \\

i

-

i

p

////

A,
A By

%

//

You circuit should look like this:

COPYRIGHT
PROTECTED

'g

0g

Education

We have now completed our hardware building. Next we nee
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() Learn about procedures

When we program, we can find that we end up using the same. R
and again in different parts of our program. As a result, our cot: R \\\\\
longer than needed. Lengthy code is harder to debug when thi \\\\
planned as there is more code to search through for mistakes. \\%\ §
o - s
One solution is to use what are known as ‘procedures’. A pro \\E
mini-program, if you like, that we run when we need it. Runni e
‘ ®

o

\\\

\\\\\\\\\\\\\\
s

known as ‘calling it'.

///////’/f//
i

lit eight LEDs. Eve
ve to use code such as this .

For example, suppose we had
switch all the LEDs off, ;

g
%”/ff/

% i

GPIOi : fturns LED1 off Q\\\‘\\\‘\
GPIC _LL 1 #turns LED2 off \\\\\\\%
GPIO'output(ledB 0} ¥turns LED3 off \\\\\\\\\\
GPIO.output (led4, 0) #turns LED4 off \\\\\
GPIO.output (led5, 0) #turns LED5 off -
GPIO.output (led6, 0) #turns LED6 off \\\g\\\\\\\
GPIO.output (led7, 0) #turns LED7 off § §
GPIO.output (1led8, 0) #turns LED8 off %‘%\\\\\\\
Doing it this way, we would need to use eight lines of code at ¢ \\\\\
program where we needed to switch off the LEDs off. However. \\\
procedure instead: . \\\\\X\\\
def LEDs_off(): \\

GPIO.output (ledl, 0) #turns LED1 off

GPIO.output (led2, 0) #turns LED2 off

GPIO.output (1led3, 0) #turns LED3 off

GPIO.output (led4, 0) #turns LED4 off

GPIO.output (led5, 0) #turns LED5 off

GPIO.output (ledé, O) 1s LED6 off

GPIO.cutput (led7, 0) s LED7 off

GPIO.output (leds, LEDS8 off SROOP]YERCI$EI;I-

In the above co ueated (deﬂned) a procedure whic:

ig

Now the procedure has been created, we can call it at any tim
name:

a3

Education

. LEDs_off ()
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Supposing there are four places in our program where we wo
all the LEDs. If we didn’t use a procedure, we would need 32
each of 4 times). By coding a procedure, and calling it each of 1
only need 13 lines of code (9 to define it, one to call it each of &
considerable saving in time and effort.

Additionally, if we needed to amend our code, say by adding a
have to add the line of code once, in the procedure. This also
program much simpler, as we only have to debug the lines of ¢

« W®Ke_sequence() — generates the LED sequenceto b

« play_sequence() — lights the LEDs in the correct sequeri

player_turn() — records the player’s inputs

« right_or_wrong() — determines whether the sequence I“
followed

R

.

\
\\\\\\

G-

\\\ i

\\\x\§

\\\
1"

s
"y

\\‘\\\

\\\\\\\\\\\\\\
s

\\\\\\\\
\\\\\

s

\Q\&\\

-

HE

/,///’///////
n

% i

.{f
,/,//

\\\

//////%/
|
,/%f/

i

S

/%

/

\
\\\\\\

\\

*\\\\\\ﬁ\\
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D) Learn how our game works

Before we code our game, we need to understand how it will s
The following flow chart describes the game: s \\\\\
-
U—

. &
gt e \
Challenge: Look at th s \
I can you explain what i 1"
R
By Pythng §\§ §

panduiug
\\

el s OPIO %
and sardigur \\\\\\\\\\\\%
T

.{f

\\\\\\\\
\\\\\\\

diatisa
sariahixe wg

,/,//

................. \\\\\\
\\\\\
Defing
Rcadires
feiatucivitisy] @\\\\\x
\\\ o
1 \\\\\\
N \\
Gieneraty
SBYUABLH \\\\\
* \\\\\\
LighttEDnv in
SR
Rrvond
piavars hutnn
RIREERE
COrnpEng
SHGUSTERS
e COPYRIGHT
PROTECTED
3 SR LR
3 1 10 rounds
9
Cratyee v ‘ 0‘9
Cadgnd ronngd . H i
SR EdUCQthﬁ
Pause, then S
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n Challenge: There are four flow chartsi

needed to create the program. - s
Can you guess what each flow chart i e \\\\\
letter from for the correct statement it = -

the correct flow chart: . i \\“\\
A The sequence is generated u \\%

q g HEE \_ \

B The LED’s are lit in sequence L W

C ;E}Zﬁ{[ah):zr's sequence is recor¢ §\\\\\§\\\\§
S

“hecks whether ! ?ﬁ\\ §

p

ﬁmgﬁf fistof \\\\\\\\\\\\\\\

/4/7

sy
\\\\\;\\
, £ -
Uines the count of ‘ : ‘
button presses © 5 ary bufan mpuliont S
nsmber needed S, PrRSSRE? pressed? \§\ \
or sequente? ' § \\§
{ )
S
sy
ffffffffffffff RY,
&g T S
sequense \\\\\\
Emiply st of
i enel COPYRIGHT
““““ PROTECTED

ig

. humbers generated : nlimber
. heeded for sequence?

Leneraivn & ! i
TRt Db, Mf “‘.‘m to
aither 1 nr 2 seguence

a3

Education
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ARLEDs off

HF O N,
mirnbers in
HES ¢4

Pauss

P TSN
mats%\e\« o 2

s Duior
4, DiEas makh
M, LEDT

o

&
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&

i G B v e

afoaichss

R

.

‘&\
\\\\
\\“\\\\
\\\x\§

R \
\\\\\%\\\\

HE
R

\\

///

///////

%

i

&\\\\\\\\\\\\%
\\\\\\\\\\\\\\\

\\\\\‘\

s

\\\

s

%

/4/7

\\\\\\\

////%
%//

%

T

/

///f

\
\\\\\\

\\

“\\\

‘\\\\\\
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E) Write the program

First, open up a new IDLE3 window, then enter the following ¢ s

E
#watch th f LED g\
watc e sequence o s
E = -
#match the pattern é§ Q&\
W
\\\.\\
#import modules §§§
from time import sleep #require §§§§\
' BoEou
delays s
N
\
import random #requir :§ \§§
random ri §§ §§

i

import RPi.GPIO as \\\\\\\\\\\\\\%

Nﬁ&&&

§§@Q$

%

4?

ledl = 19 \\\\\\g\\
led2 = 21 \\\\\
GPIO.setup(ledl, GPIO.OUT)
'
GPIO.setup(led2, GPIO.OUT) \\ §
buttonl = 3 Sy,
b \‘\\\\
utton % \
. w»
button2 = 5 #assign \x\ﬁ§
button x&&\\
GPIO.setup(lbut, GPIO.IN) #sets p \\
GPIO.setup(button2, GPIO.IN) #sets p %

=<

#initialise variables and lists

global count
LEDs wi

global seq #list st
sequence

global player #list s

global rounds #variabl

number
global delay #variab COPYR'GHT
between PROTECTED

def ths;pff(): #turns

ig

GPIO.output (ledl, 0) #turns
I Qg

GPIO.output (led2, 0) #turns E{i R
ucation |

def make_sequence () : #proced
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for x in range(0,count):

seq.append (number)

def play_ sequence () :
for item in seq:

LEDs_pff()

sleep (delay)

PI0.output (ledl,

B else'

GPIO.output (led2,
sleep (delay)
LEDs_off ()

def player turn():

counter = 0

while counter != count:

LEDs_off ()

pass

if GPIO.input (lbut) ==
GPIO.output (ledl,
player.append (1}
sleep(0.5)

counter +=

it (buttonz)
PIC.output{led2,
player.append(2)
sleep (0.5)

counter +=1

LEDs_off ()

def right_or_ wrong() :

1)

1)

number = random.randint (1,2)

while GPIO.input (1lbut) and GPIO.input (button2)

False:

1)

1)

either

#procedd
sequenc

#for ev
sequence:

#first

#then ps&

#light
sequence

#loop
#switch

#while

#if left

#increme
button

#same b

#turn al

R

.

‘&\
\\\\
*§ i
\\\x\§

R \
\\\\\%\\\\

HE
R

\\

///

ﬁ%%?

%

i

&\\\\\\\\\\\\%
\\\\\\\\\\\\\\\

§§@Q$

s

@-

s

%

4?

%ﬁk

////%
%//

%

T

/

///f

\
\\\\\\

%&QW\

%

“\\\

=<
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global play #flag.
keep goi

play = True ]

for x in range (0, count): #for ev E \\
m
print (player[x], seq[x]) #print §§
sequenc é§ §&\
if player[x] != seq[x]: #if they \N§ &
\f\“\
play= False §§$
sy
#main program §\§ .
count = 3 §§ %
5
delay = s

seconds %ﬁ&&&

§§@Q$

s

\\\

s

#sets r

4?

while True: #game 1a
seq=[] #emptie

layer=1[] #emptie
play %N\

////%
%//

LEDs_off () #turn o
make_sequence () #call m § \
d (W
procedu \X\ﬁ§
print ('watch the sequence...') W&Q“\
G
sleep (2) \

“\\\

=<

play_sequence ()

print ('ready...')

sleep (0.5)

print ('steady...')

sleep (0.5)

print ('go!')

player_turn() #call p

right or wrong() #call se
procedu

COPYRIGHT
PROTECTED

if play: #if all
print ('Yay, wv

et's hardert")

ig

delay = delay -0.1
Qg

sleep(2) Education |

else:

print ('Oh dear, you got it wrong')

print ('never mind')
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print ('try again!'’')
print ('rounds completed: ' + str(rounds))
count = 3 #reset o e
rounds = 0 \\\\\\\\
£ i
delay = 0.75 = o
\\\ \\\\\
print ('Restarting shortly...') \\%
sleep (5) s \\
z; o
Save the program with the file name ‘follow_me.py’. Open an §\§ §

and run the program with the command:

\\‘\\\

\\\\\\\\\\\\\\
s

\\\\\\\\
\\\\\

s

\Q\&\\

-

®

R

i

///////’/f//

.,%

sude python3 follow me.py,

i

%

.{f
,/,//

STRETCH YOURSELF

«  Add wore LEPs and buttons, perhaps even different coloured ones
each sequence.

//////%/
k.

«  Work out how to record the number of correct button presses.

10

T
////

/

\
S

%s v
» Combine this project with the ‘Camera’ project fo avtomatically \\
take a photo of the player if he [asts for the wmost rounds. . “\\\\\\ﬁ\

«  Improve the on-screen display.

COPYRIGHT
PROTECTED

ig

o9

Education
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DiciTaL CAMER

e
DURATION: MECIUM s \

DIFFICULTY: HARD = -
\\§\ \\\\\
One of the many great things about the Raspberry Pi is the v E\*": i
can be attached to it, such as a camera. For this project we are \\\s
Raspberry Pi into a portable digital camera. We will also learn e
stamp a file J L
p a file. - \\\
Ai Outcon: A
PROJECT AiMs | ProsecT OuTco o

\\\\\\\\\\\\\\\

To learn | Raspberry Pi » [t will be po

» Jtwill be op

« G our Raspberry Piinto a « Ttwill use an L \\w@“
portable digital camera the camera is.t \\\\:\g\\
« To learn how to automatically give picture e
files a unique name « It will store $\\
o
unique time § §
file name i,
W
s
o
\\&\\
\\\\\\\\
COPYRIGHT
| PROTECTED
ProsecT Tasks

D R L L T LT TR TR PP TP PR P NP Oy O R

ig

C) Building the camera

a3

Education

D) Making the camera portable
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Project Tasks

A) Taking a photo 55 ?\\\\\\\\\\\\Q\\

\\\\
*§ Q&\

There are several ways in which a Raspberry Pi Standard Came

instructed to take a photo, but we will learn how to use Python \\\x\ &
will also allow us to use a button and LED to control the camer R \
T

s
18

¥§§§

§§§§§
s

\\\\\\\\

the current time and date, and ‘time’ aliows us lmplement dela. \\\\\\\

HE

NOTE: This guzde assumes you. have already installed the ca

///////’/f//
i

s
ﬁ///f/

% i

.{f

= @
current time and date in a format suitable for a file name. \\\\
import picamera ; §§§\
from datetime import datetime i §§ §§
from time import sleep, strftime S
. . S
Once a photo has been taken, we need to save it as a file. Ho \\\\“\\
every photo a different and unique file name or the Pi will ove \\\\§
photo every time we take a new one. A great way to do this is o
every photo, so that the file name is the date- and time that t \\\\\\\
This gives each photo a unique file name. .
To create a unique date- and timestamped filename, add this
now = datetime.now() .strftime ('$dSmSYSHSMSS')
print (now)
file name = now + '.jpg’
The code instructs the Pi to check the cur ite and time an
file name the current date and ti es the file name COPYRIGHT
PROTECTED

Now we need to hat takes the photo:

came i i (640,480) #sets the res

ig

camera.start_preview() #starts the c

sleep (1) #records for % {153
Education |

camera.capture (file_name) #saves the phd

BRI

camera.stop_preview ()

camera.close ()
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Save the file will the file name ‘camera.py’. Open up an LXTer
the program:

R

.

e

Now open up ‘File Manager’' and you should see a photo store :E\\\\\

with the current date and time as its file name. vy

\\\

sy
\M

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

\\\\\\\

%sudo python3 camera.py

%%y

B) Adding a button and LED

s

=a¢ci,‘tca{ we need to

For our Raspberry Pi portable carm
control the Pi without a ko
— the button to

g
4;%?

% i

4?

//////%/
k.

S

10

i

i

H

/

\
S

%&QW\

%

NOTE: For information on how the Raspberry Pi’'s GPIO interf;
‘Binary Conversion’ project.

COPYRIGHT
PROTECTED

First we need to import the Raspberry Pi ©2 hon module. A
code to the program. Make sure y < correct upper-case

import picamera

from el t datetime

mport sleep, strftime

import RPi.GPIO as GPIO i 9

a3

Education
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Next we need to set up two GPIO pins, one as an input (for the
output (for the LED). -
e

led = 8 #assign pin 8 to

S
but = 3 #assign pin 3 to @&
GPIO.setup(led, GPIO.OUT) #configure pin 8 é§ Q&\

2
GPIO.setup(but, GPIO.IN) #configure pin 3 \§§ \
N \\
We will use the LED to tell us when the Pi is ready to take a pic §\\\\\\§\\\
. . o i BN
when the Pi is ready and unlit when it is busy: & § W
| GPIO.output{led, 1) ready to take g %% §§

’ R b

@
. . . . s
The button is use ture. Until the button is presse N

s

7 O
m;ﬁgi?gﬁ;_ .input (but): i §§§Q$

pass TR

patienial _bution is pressed, the LED is unlit, and the

4?

\\\

s

\\\\\\\

GPIO.output (led, 0) #Pi is taking pho

with picamera.PiCamera() as camera:

//////%/
"

camera.resolution = (640,480 #sets the resolut ﬁk
( ’ - £

camera.start_preview () #starts the camer :\ A§
sleep (1) #records for 1 sejj %NQ“\
camera.capture (file_name) #saves the photo %
camera.stop_preview() - ;Qgi;
camera.close () - \\

All that's left to do is to add a loop so that the camera can tak

completed code looks like this:

import picamera

from time import sleep, strftime

impeort RPi.GPIO as GPIO

from datetime import datetime

GPIC.setmode (GPIO.BOARD PROTECTED

Mo (led, GPIO.OUT)

cpId . |

GPIO.Setup (but, GPIO.IN) ig

while True: %g {153
GPIO.output (led, 1) Education

while GPIO.input (but):

pass
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GPIO.output (led, 0)

now = datetime.now() .strftime ('$dSmSYSHSMSS')

file _name = now + '.jpg' S

with picamera.PiCamera () as camera: R \\\\\
camera.resolution = (640,480) \\\
camera.start_preview () \\\\\3\ \\
sleep (1) = \
camera.capture (file name) \\\\\
. cap ile n: ) §\\\\\\§\\\\
camera.stop preview() WO ow

\\\

&\\\\\\\\\\\\\
\\\\\\\\\\\\\\\

\\\\\‘\

camera.close ()

s

g
%”/ff/

Save the program, but

% i

/4/7

Now it's time to assemble the hardware. Making sure the Rasp: \\\\\g\\\
case, complete the following: = -
Place the resistor on the breadboard, one leg in slot ¢15, the o §\\\
| .
Using one male-to-female jumper lead, connect the female en: @@\\\\
(ground), and the male end to the blue (ground) track on the \\ f%
Using a male-to-male jumper lead, place one end in slot a19, & \\\\\§
ground (blue) track at slot 19. We now have a resistor-protecte. )
5 \\\“
| | =,
Place the LED on the breadboard, putting the longer leg (posit
shorter leg (ground) in slot e15.
Complete the circuit using one female-to-male jumper lead, th
the female end in GPIO pin 8.
Connect one male-to-male
jumper lead to slot ¢7 and to
the ground track slot 7.
| COPYRIGHT
Place the button with a PROTECTED

connecting leg in ef

Corg™ ‘Uit using one
fem e male jumper lead, the
male end in slot ¢5, the female
end in GPIO pin 3.

ig

a3

Education

T P
Use a little Blu-Tack on the : e
breadboard to hold any loose
items in place. Do not use it on
the GPIO pins.
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We can now test the program to make sure it is working correc.
LXTerminal window and type: :

%sudo python3 camera.py

The LED should light. When the button is pressed, the Pi shoul::
and take a photo. When the photo is taken, the LED should sw

If the camera doesn’t operate correctly, check the following:

« That all leads are properly connected

D) Making the camera portable

Finally, we need to make our camera portable. Restart the Ras
time using the mobile phone external battery as a power sup

and use a little Blu-Tack to stick the camera to a suitable posi
sure that you can easily see the LED and press the button wh
Set the ‘camera.py’ program running, and disconnect the mo

R

.

\\\
= -

\\“\\\\
\\\x\§

\f\“\
1"
\\\\\\\\\\

¥§§§

§§§§§
%ﬁ&&&

§§@Q$

s

\\\

s

HE

///////’/f//
i

g
%”/ff/

% i

4?

////
%//

\\\\@

§&§j§

*\\\\\\ﬁ\\

COPYRIGHT
PROTECTED

ig
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R

STRETCH YOURSELF

«  Find out how fo change the resolution of the image. HINT — at pre. \\\
record photos at 640 x 480 pixels. S \
+  Change the program so that it records video instead of taking a ¢ %\\\\\\\\\

\\‘\\\

\\\\\\\\\\\\\\
s

\\\\\\\\
\\\\\

s

\Q\&\\

-

®

/,///’///////
n

% i

.{f
,/,//

//////%/
k.

S

10

T
////

/

\
\\\\\\

\\

*\\\\\\ﬁ\\
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ANSWERS AND SOLUTi

Benchmarking the Raspberry Pi

R

.

\\\
-
Task B Challenge \@ \\\\\
This is the correct flow chart. \\\“»\ e
N . " IO LB s \\
“; ““““ \\\\\S\\\\

V//////

o

\\‘\\\

&\\\\\\\\\\\\\
\\\\\\\\\\\\\\W

\\\\\‘\\

s

\\\

s

RS

s

g
%”/ff/

R

% i

,/,//

St ¥ o oot ........

\\\

i,
1 )
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Task D Challenge

This is the calculation for the time taken and how to output it. This needs adk
time_taken = time_stamp 2 - time_stamp 1 #calculates thg
print ('Time taken: ' + str(time_taken)) #outputs the dj
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Interactive Quiz

Task B Challenge

The full code is shown below (with missing parts underlined) e

2 n 3 " \
print ( ngcome to my quiz") \\\\\
score =
print ("Question 1") \\\\
print ("A. option 1\n" @ \\\\\

"B. option 2\n" \\\‘3\ #

"C. option 3\n") s \\
answerl = input ("answer: ") \\\\\
if answerl == "A":

print ("Correct!"} §\\\\\\§\\\\§

score = score + 1 = \? 5
else: %\\\\

print {"Incorrect! ") §\ %

; =

Input/Output Ba &

\\\\\\\\\\\\\\\

.u.n‘ut(ledl o) gturns TEDI off \\\\\‘\

s

\\\

s

/4/7

Task C Challenge (2)
This is the loop to make the LED flash.

while True: #create loop S
GE
GPIO.output (ledl, 1) #turn on LED1 &? \
sleep (delay) #pause § §
GPIO.output (ledl, 0) #turn off LEDI1 \\\\\\\\\\
sleep (delay) #pause & !

H

/
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\
\\\\\\
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Binary Conversion

Task A Challenge o
« 7 =00000111 binary ‘\\\\\
e 25 =00011001 binary
e 93 =01011101 binary
e 164 = 10100100 binary

Task B Challenge =
This is the code that increments the denary number and resets it back to 0

denary += 1 #increment denary number by 1 =
if denary > 255: #if denary number is greater

denary = 1 #reset it
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Extension Challenge
This code creates an
examine each inciii

X1t converts the binary humber into a f
It then takes each individual digit in the binas;
it in the list,
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Up, Down, Left, Right

Task A Challenge
This is the correct flow chart. T
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The value for ‘add’

was missing

Task E Challenge
The full code is shown below (with missing parts underlined)

from Adafruit CharLCDPlate import Adafruit CharLCDPlate
from time import sleep -
from random import randint

led = Adafruit CharLCDPlate ()
led.begin(16,1)

idjf COPYRIGHT
PROTECTED

#declare and initi
delay=2

#how lond

play = True

ig

while play: Qg

led.clear () , R ;
number =randint (1, 4) EdUCQthﬁ :
if number == . #if randcég

lcd.message ('Left\n') #display &
elif number == 2: $if 2

lcd.message ('Right\n') #display &
elif number == 3: #if 3 E
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lcd.message ('Up\n')
else:
lcd.message ( 'Down\n')

while counter < delay:
if lcd.buttonPressed(lcd.LEFT) :

if number ==
lcd.message('Correct!’)
score +=1

else:
play = False

break

if lod.buttonPressed(led.RIGHT) :

if number ==
lecd.message('C

ttonPressed (lcd.UP)

if number ==3:
led.message ('Correct! ')
score +=1

else:
play = False

break

if lcd.buttonPressed(lcd.DOWN) :
if number ==
lcd.message('Correct!’)
score +=1
else:
play = False
break
counter +=0.1
sleep(0.1)
if counter > delay:
play = False

counter = 0
sleep (delay)

led.clear()
lcd.message ('Oopsti\n')
lcd.message('Score: ' + str(score))

#displa
#otherw
#display &

#as long§§
#if left
#and rand

#run dowt

#output ;
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Countdown

Task A Challenge

This is showing a variable called count that is currently set to 100. 1 is ther

variable. This is all in a loop.

sonrd=10G *

This shows a selection/decision. A mark is input, then the selection looks
greater than or equal to 5. If it is, the message 'You have passed’ is displays
not passed’ is displayed.

/ Input mark /

| Y
s o
mark You have: .
>-5 passed
N
You have
not passed
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Task B Challenge
Simple Flow chart for countdown timer.
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Note: does not include validation for inputs.
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Task C Challenge
The full code is shown below (with missing parts underlined)

#import time function from sleep module
#time will be used to implement the seconds' delay

from time import sleep

COPYRIGHT
PROTECTED

#import os module. This will 1} r the display

import os

to validate the inputs for minuvtes and secy

def ¥
$loop until a valid number is input *3
while True: Qg
try:

Education

number=int (input (""))

#if valid number is input, exit the loop
if number >=0 and number <=59:

break

Raspberry Pi Project Pack Page 86 of 89



else:

#if a number outside the valid range is

#display a message informing the user of R

.

@-
= -

\\“\\\\
\\\x\§

\\\

print ("Enter a number from 0 to 5
except:
#if a letter etc. is input
#display a message informing the user of

print ("Not a number. Enter a number from

#return the input number 5 §$§§Q\
: e §\§§
return number '\
_— §§Qﬁ§§
#main k -
5
b
-

§§§§§§

§§@§®

#clear the di

4?

#get ﬁinutes and seccnds fcor countdown i ‘Q&ﬁ&k
i <$
print ("How many minutes? (0 to 59) ") i Q&k
minutes = get_number () -
= n " \\\\-\\\\
print ("How many seconds? (0 to 59) ") §§
seconds = get_number () : \§ §§
g
#check that there is still time to count down = §§k A§
S
if minutes >=0: i Q§§§\\
#create countdown loop %; \\\ﬁ

while True: \\\\\\\Q\\
#clear the display -

os.system("clear") :

#display time remaining '

display = "Time remaining: " + §E£(minutes)+":"+;

print (display) -

#pause for one second

sleep (1)

#reduce time remaining by one second

seconds -=1

COPYRIGHT
PROTECTED

#check to see if s ning is now less ti

es left by 1 and reset secci

minutes -=1

seconds =5%

#check to see if minutes remaining is now less ti is}
#if yes then exit the loop : {153
if minutes ==-1: =

Education

break

#display finish message

print ("Time's up!")
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Follow Me

Task D Challenge (2)
These are the correct flow charts with the correct statements.

The sequence is generated using this algorithm — FLOWCHART 2:
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The player’s sequence is recorded using this algorithm — FLOWCHART 1:
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