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Introduction

Introduction

In this book, we concentrate on one of the more powerful aspects of the Raspberry Pi:
the combination of programming and electronics. The Raspberry Pi costs just a handful
of dollars, yet you get a complete computer, which you can easily connect to all kinds of
electronics.

After a short introduction to the Raspberry Pi we install the required software. If you bought
the SD card for this book you'll find that all the Raspberry Pi software you need is already
installed on the card. All the software for the (optional) Windows PC is free and can be
downloaded in a single, convenient package.

This is followed by a quick overview of Linux (the operating system), and we start pro-
gramming in Bash, Python and JavaScript. We concentrate mostly on Python, but we keep
it short for all of them. We look only at the most important details, and then get involved
with the projects straight away.

There are over 45 exciting and fun projects in this book. It varies from flashing lights to a
motor speed controller; from processing and creating analog signals to a CGI web server
and client-server programs. You can use this book as a project book, building the pro-
jects and using them in practical applications. The clear explanations, circuit diagrams, and
photos of the setup on a breadboard make building the projects an enjoyable experience.
When you're not building the projects in sequence, you should read section 5.1 first, since
it contains important safety instructions.

You can also use this book as a study guide. For each project an explanation is given why
it was designed in a certain way. This teaches you a lot about the Raspberry Pi and the
components used, enabling you to enhance the projects or even combine several projects.

The book is also very handy as a reference guide. You can easily find projects via the index,
which can then be used as a starting point for your own projects. Even if you've built all the

projects, it still deserves a place next to your Raspberry Pi for this reason.

I would like to take this opportunity to thank Bert Oudshoorn for his help with the final
editing of the original Dutch version of the book, and for testing the projects.

Bert van Dam
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Chapter 1 e Requirements

You will obviously need a Raspberry Pi, but that's not all. As a minimum, you will also need
the following components:

e Power supply

e SD card with operating system
¢ Solderless breadboard

e Discrete components

e Software oscilloscope (optional)

More information on these components can be found later in this chapter. The other com-
ponents needed depend on the way in which you intend to use the Raspberry Pi.

1. Normal operation. In other words, you'll sit "behind" the Raspberry Pi and use it
like a PC. In this case you'll need:

e Keyboard

e Mouse

e Monitor

e USB hub (optional)

e Loudspeaker (optional)

¢ Internet connection (optional)

2. Headless operation. In other words, you control the Raspberry Pi remotely from
a PC over an intranet. Both your PC and your Raspberry Pi have to be connected
to your router and you have to install some specific software on your PC (as
described in section 3.2). In this case you'll need:

e Internet connection
3. Both normal and headless operation. In this case you'll need:
e Everything listed in options 1 and 2.

Please read the rest of this chapter before you go out and buy anything, so you have a good
idea of what's best to buy.

1.1 Raspberry Pi

You will obviously need a Raspberry Pi. Although you can use the SD Card and this book
with all current models, our advice is simple: buy the most expensive model. It is not much
more expensive than the other models while offering more speed and peripherals. For ex-
ample, model 4B has WiFi built in and boasts a Bluetooth adapter. Plus it is fast enough to
act as a modest Linux desktop PC. Table 1.1 and Table 1.2 show a comparison of diferent
models.

e 10
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Model 1A 2B Zero 3B
Processor ARM1176]Z-F | Cortex A7 ARM11 Cortex A53
Clock speed 700 MHz 900 MHz 1 GHz 1.2 GHz

# of Cores 1 4 1 4

usB 1 full 4 full 1 micro 4 full
Header 26 40 401 40

GPIO on header 8 17 17 17

SD slot standard micro micro micro
Memory 256 MB 1 GB 512 MB 1 GB
Ethernet no? 1 x10/100 no 1 x10/100
Power supply 500 mA 1000 mA 500 mA 1000 mA3
PAL/NTSC4 RCA plug 3.5 mm jack | 3.5 mm jack | 3.5 mm jack
Onboard WiFi no no no yes
Onboard Bluetooth | no no no yes

1 header is not supplied; you have to buy it separately and mount it

2 a connection to the internet can only be established via a WiFi adapter (to be

acquired separately) whoch connects to USB. Obviously such an adapter can also

be used with other models.

3 2.5 A is recommended

4 we advise to use the HDMI connection, providing a much better image quality
(and embedded audio)

Table 1.1 Comparison of different models (early models)

o 11
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Model Zero W 3B+ 3A+ 4
Processor ARM1176]ZF-S | Cortex A53 Cortex A53 Cortex A72
Clock speed 1 GHz 1.4 GHz 1.4 GHz 1.5 GHz

# of Cores 1 4 1 4

usB 1 full 4 full 1 full 4 full
Header 40 40 40 40

GPIO on header | 17 17 17 17

SD slot micro micro micro micro
Memory 512 MB 1 GB 512 MB 1,2,4 GB
Ethernet 1 x10/100 1 x10/100 no 1 x10/100
Power supply 180 mA 1130 mA 470 mA 2500 mA
PAL/NTSC4 RCA plug 3.5 mm jack 3.5 mm jack | 3.5 mm jack
Onboard WiFi yes yes yes yes
Onboard yes yes yes yes
Bluetooth

Table 1.2 Comparison of different models (later models)
The Raspberry Pi is usually supplied on its own, without any peripheral components.

1.2 SD Card

The Raspberry Pi doesn't use a hard drive, but uses an SD card instead. This card has to
contain the operating system and have enough room to store your own files. You can buy
an SD card along with this book that already has the full operating system installed. It also
contains all of the software required with this book, such as drivers for controlling the GPIO
pins, 12C, SPI, PWM, sound and serial communications. All of the source code from this
book is also on the card, so you won't have to type any of it into the Raspberry Pi. It is a
fast 16 GB card, which is suitable for all of the projects in this book.

We'll describe how to make a backup of this card in section 3.3.1. Once you have your
backup, you can always revert to the original if something goes wrong.

Pro tip:
Backup the SD card before you use it!

1.3 Keyboard

You will need a keyboard with a USB connection. It is best not to use a wireless type to
avoid potential problems with drivers. Once you have gained some experience with the
Raspberry Pi you can always change over to a wireless keyboard if you prefer this. The use
of a Bluetooth keyboard is optional (see Chapter 10), but you will still need a wired key-
board for the installation.

e 12
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1.4 Mouse

You will need a mouse with a USB connection. It is best not to use a wireless type to avoid
potential problems with drivers. Once you have gained some experience with the Raspberry
Pi, you can always change over to a wireless mouse if you like.

1.5 Display

Option 1: HDMI

The standard monitor connection on the Raspberry Pi is for an HDMI monitor. The latest
model Raspberry Pi 4 includes two micro size HDMI ports. If you already have such a
monitor, this will be the easiest option to use. Apart from the monitor, you will also need
an HDMI cable. If you are using a Raspberry Pi 4, you will also need an HDMI adapter to
convert between standard size HDMI and micro HDMI. You should first turn on the monitor,
then wait until the message "no HDMI signal" (or similar) appears, and only then turn on
the Raspberry Pi. If you still need to buy an HDMI monitor, you should check beforehand
if it is suitable for use with an Raspberry Pi. In most cases, it should be possible to use an
LCD television with an HDMI connector as monitor. 1

Option 2: Analog TV

It is also possible to use an analog TV as monitor. In that case, you will need a composite
video cable (yellow plug). There is no composite connection for the sound, so you will need
to connect separate loudspeakers for this. The disadvantage of an analog TV is that the res-
olution is fairly low, which means you won't get a very sharp picture. Another disadvantage
is that large windows won't fit on the screen. In most cases, it is easy to reduce the size of
the windows, but this is not always possible. For example, the windows for the Thonny (the
Python editor) and the WiFi settings can't be resized. In practice you'll find an analog TV
unsuitable if you're interested in programming. In context of the material provided in this
book we advise against the use of an analog TV.

1 Most HDMI monitors and TVs will work straight away, but you may have to change the settings in config.txt. Details for these set-
tings can be found at: "http://elinux.org/RPiconfig". When your display doesn't work, you won't be able to type anything in, since
you can't see what you're doing. We therefore need to gain access to the Raspbery Pi in some other way, which will be via an
intranet. Connect the Raspberry Pi to your router as described in section 1.6. Install the program Putty on your PC, as described in
section 3.1.6. Now log in using Putty, and issue the command "sudo nano /boot/config.txt". You should now type in the
required parameters that you found on the website we just mentioned. Save the file by holding down the Ctrl key and momentarily
pressing "x". Then press "y", followed by the Enter key. The editor then stops. Type in "sudo reboot" to restart the Raspberry
Pi. Make sure that your HDMI monitor is turned on and connected before you restart the Raspberry Pi.

e 13
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Option 3: HDMI-VGA Converter

Figure 1.1 On the left is a Ligawo converter, on the right an Edimax WiFi adaptor.

If you still have an old VGA monitor, you could use this instead. However, you do need
to obtain an HDMI to VGA converter (for Raspberry Pi 4 you need a micro HDMI connec-
tor). This has to be a proper converter with its own power supply. On the Internet you'll
sometimes come across advice that suggests using a simple conversion cable without

a power supply. Although it may work, the conversion chip in the cable then needs to
get its power from the Raspberry Pi, which hasn't been considered by the designers. If
you're lucky, you'll only blow up the protection diode (sometimes after a while). In that
case, you have to desolder it and replace it with a new one. However, if you're unlucky
you may cause some internal damage to the Raspberry Pi.

One possible converter you could use is the "HDMI zu VGA Converter Wandler digital zu
analog - HDCP, 1080p, 1:1, DAC" (see Figure 1.1) made by Ligawo, which is available
via Amazon.2 You use a normal VGA cable to connect the VGA monitor to the convert
er, which is connected to the Raspberry Pi via an HDMI cable (and with its own power
supply).3 You should always turn on the monitor and converter first, wait a while (say 5
seconds) and only then turn on the Raspberry Pi. If you turn on everything at the same
time, you won't get a picture. 4

N

Amazon tends to be one of the cheapest suppliers wherever you live. Make sure that you buy one with the correct AC line plug and
voltage.

Note that you need a VGA cable where all 15 pins are connected. Some plugs have pin 9 missing (sometimes pins 11, 12 and 15 as
well). Without all the pins present, you may find that you won't get a picture and/or sound.

This converter has been tested on the following VGA screens: Samsung SyncMaster E1920 (1280x1024, 19"), Samsung SyncMaster
LS22B150 (1920x1080, 22"), Sima/Medion MD7315TB (1024x768, 15") and Philips 150 S4 (1024x768, 15"), which all had a perfect
picture. You don't need to change any settings for these screens: they "just" work. However, this isn't a guarantee that your old
VGA screen will also work without changing any settings.

w

N

e 14
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When you use the converter for sound, you will get a better quality than from the audio
socket on the RASPBERRY PI. However, you first need to turn this option on. Carry out the
following instructions:

[EY

. Open the Terminal (via the icon on the desktop).
2. Type in the following command:
sudo nano /boot/config.txt
3. Scroll down with the arrow key until you get to the following line:
#hdmi_drive=2
4. Change it so it looks as follows (i.e. take away the hash symbol):
hdmi_drive=2

5. Then press Ctrl-O (hold down the control key, press the letter O briefly, then let
go of the control key) to save the file and accept using the Enter key.

6. Then press Ctrl-X to close nano. When nano has closed the LXterminal will still
be open.

7. Now type in the following command:
sudo reboot

The Raspberry Pi will now reboot and will take the modified setting into account. We will
cover audio in more depth in section 5.10, where you'll also be shown how to switch be-
tween HDMI and the socket on the Raspberry Pi. >

1.6 Internet Connection

It is not necessary to connect the Raspberry Pi to the Internet. However, when you want
to try out the web server and client-server projects it speaks for itself that you will need
an Internet connection. You will obviously also need an Internet connection if you want to
use the Raspberry Pi in a headless configuration. Note that in this context by 'Internet' we
mean a connection to your router.

Option 1: using a cable

The easiest way is to use a network cable. Plug the network cable into the Raspberry Pi
and router before you turn on the Raspberry Pi and the connection will be established
automatically.

5 There are some VGA screens that can't produce sound from the HDMI-VGA converter. In that case, you have no choice but to use
the socket on the Raspberry Pi.

e 15
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Option 2: wireless (WiFi)

You can also make a wireless WiFi connection. Most Raspberry Pi models have integrated
WiFi modules, but if you have a model with no WiFi module then you will need a USB WiFi
adapter. The recommended adaptor is the Edimax EW-7811Un made by Edimax (see Fig-
ure 1.1). You should plug the WiFi adapter into a USB port of the Raspberry Pi before you
turn it on.

= ()| ex11:25 L.

Figure 1.2. The WiFi symbol is on the left.

Left-click the WiFi symbol in the top right of the screen (see Figure 1.2). You will see a list
of available networks. Pick the preferred one by clicking it and enter your data. "Preshared
Key" is the WiFi password.

When a connection is established you can see the assigned IP address by hovering the
mouse over the WiFi symbol.

1.7 Power Supply

The power supply should deliver a precisely regulated 5 V DC. The minimum required cur-
rent depends on the model, but a minimum of 1 A is recommended for the older models.
With model 4 this jumps to 2.5 A. Raspberry Pi 4 official power supply is recommended
which provides up to 3A. It is therefore not recommended or even possible to use a USB
connection on your PC to supply the Raspbeery Pi since it can supply only 500 mA. If noth-
ing else is connected to the Raspberry Pi and it's "not too busy", you may find that earlier
models may work for a while. However, you'll soon start to get sudden resets when the
voltage drops (also known as brown-outs). It is even possible that you could damage the
USB port on your PC if it isn't properly protected against overloads. A separate power sup-
ply is therefore the best solution.

1.8 Loudspeaker (Or Earphones)

You can connect earphones to the Raspberry Pi, or a small loudspeaker set that is also sold
for use with a PC. In the latter case we recommend that you buy a type that comes with
an external power supply, since it's not such a good idea to power loudspeakers via a USB
connection on the Raspberry Pi. The Raspberry Pi doesn't really have much "spare" current
left over. When you use an HDMI-VGA converter, it is best to connect the earphones or
loudspeakers to this converter since it has a better sound quality. More detailed instructions
can be found in section 1.5.

When you use an HDMI monitor you can use its built-in loudspeakers for the sound repro-
duction, so you won't need any extra loudspeakers or earphones.

1.9 Breadboard

For all projects we will be using a breadboard. This can be used to quickly build and dis-
mantle a circuit without soldering. A breadboard consists of two or more strips with supply
connections and a large central area. The holes in the central area are connected together

e 16
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in each numbered column up to the gap in the middle. The supply strips are usually con-
nected together horizontally, with a gap in the middle.

First of all, we have to prepare the breadboard for use. This means that we have to connect
the four supply strips together. We also put a small 0.1 uF capacitor at each of the corners
of the breadboard, which will prevent interference on the supply strips. A number of pro-
jects won't work (well) without these capacitors. You can see what the breadboard should
look like in Figure 1.3.6

wmmeE g
e
mooa»

grunEn 4
L=g0n

PEERE R R

.::_‘:::: EEEEw FEEEE NARAE Q

— ————————

Figure 1.3. Breadboard with wire links and capacitors.

Whenever you use the breadboard, you should set it up like this, even if it isn't explicitly
mentioned. Always remember this: you won't be the first to wonder why a circuit doesn't
work, only to find out that part of it simply doesn't have power.

When you want to put a circuit to permanent use and decide to make a printed circuit
board for it, you should remember to include sufficient decoupling capacitors. You should
at least have a 100 nF capacitor across the supply next to each IC, as close as possible to
the IC. Any other capacitors that are explicitly shown in the circuit must also be included,
of course.

1.10 Components

Depending on what you want to build you will need some electronic components. You
should ask for components that fit on a breadboard or stripboard. Some components will
have pins that are too thick for a breadboard. Also, some chips such as SMD types cannot
be mounted on a breadboard without special adapters. You should solder thinner leads to
these pins. Don't force them into the breadboard as you could bend the internal contacts
and cause permanent damage to the breadboard.

You will only need a small humber of components for this book. You can buy a kit of parts
from Elektor or you can use the parts list in the appendix as a shopping list. Note that the
GPIO connector on the Raspberry Pi consists of a set of vertical pins, for which you need to
use single way male-female cables. These are obviously included in the kit of parts.

6 The capacitors may look different, depending which type you have. They are marked as "p1"or "104".
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1.11 Software Oscilloscope

When you're experimenting with PWM, you'll find that an oscilloscope comes in very handy.
It doesn't have to be an expensive piece of equipment though. A simple program that runs
on your PC is more than sufficient for the projects in this book. The program doesn't even
have to be installed on the PC and can be run from a memory stick.

4 WinOscillo
Dt=3,83 ms

Figure 1.4. Software Oscilloscope WinOscillo.

There are several PC based oscilloscope software available free of charge on the Internet.
Links to some popular ones are:

http://www.zen22142.zen.co.uk/Prac/winscope.htm
https://windowsreport.com/oscilloscope-software-pc-laptop/
http://www.winoscillo.com
The one used in this book is the WinOscillo. As shown in Figure 1.4, this is a software based
oscilloscope that uses the sound card in your Windows PC to capture the signals, which

has its limitations. You'll need to build a circuit similar to the one given in Figure 1.5 to go
between the PC and your circuit, which protects the input of the sound card.
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Figure 1.5. Interface for the mic or line input of the PC sound card.

The circuit in the figure above limits the signal level at the microphone or line input of the
PC to less than 18% of the original input level. In this book we use 3.3 V, which is therefore
reduced to 0.6 V., Make sure that the earth of the microphone plug really is connected to
earth. Also, make sure that when you're using this interface, the earth is connected to the
earth of your circuit and that you use the other wire for the measurement. To avoid mis-
takes it's best if you use a black wire for the earth and a red wire for the measurement. All
the earths inside your PC (microphone, RS232, USB etc.) are connected together. If you
connect the wires the wrong way round you'll create a short circuit, which could cost you
a fuse, or worse.

You must obviously turn on the microphone in the Windows Sound Mixer and set it to max-
imum. Any noise suppression or similar options should be turned off.

WinOscillo can also record the signal to a file and make copies of the display so you can
save them. You will come across these regularly in this book. Figure 1.6 shows a saved
display from the oscilloscope.

x (x10%) WinOscillo v0.88

10

NN A A

VIV

I I I 1 I 1 1 | I
-4 2 0 2 4
Dt=3,84 ms i (ms)

=)
LIS E A S B B B b = R B B

Figure 1.6. A saved display from WinOscillo, showing cursor lines and interval.
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Unfortunately, the program can only be operated in French. Table 1.2 shows the transla-
tions for the commands used most often. In practice you'll find that you only need a few
and those are easy to remember.

Command Description

F2 Select oscilloscope...

F3 ... or spectrum analyzer.

alt-enter Full screen (the controls stay in the foreground).
Ctrl-S Save the signal (as a short .wav, or as .csv for Excel).
Ctrl-L Load a signal (first select pause, otherwise it takes very long!).
Ctrl-M Save screen capture as .wmf.

Ctrl-Vv Vertical cursor line.

Ctrl-H Horizontal cursor line.

Ctrl-Ww Switch between them (if both are on).

Ctrl-G Tone generator (enter level with decimal comma).

Table 1.3. Using WinOscillo.

The text on the windows is also in French. Table 1.3 shows the translations for the most
important terms.

Screen text Translation

echelle Scale.

deplace Pan.

niveau decl. Trigger level (if turned on).

Dt Horizontal time.

%/c Percentage of the maximum signal level per square.

Table 1.4. Overview of screen text.

The two cursor lines can be operated using the mouse. With the left mouse button you can
move the dashed line and with the right mouse button you can move the dotted line. They
jump to the mouse cursor, so you can first position the mouse cursor at the exact position
you want and then click on the mouse button. The window shows which of the lines is cur-
rently active (Hor. or Vert.)

Since WinOscillo uses the sound card, the frequency range is fairly limited: from about

20 Hz to 20 kHz. But at this price you can't really complain (the program is free). It's part
of the download package.
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Chapter 2 e A Quick Tour Of The Raspberry Pi

When you turn on a Raspberry Pi with the SD card that can be ordered along with this book,
you go straight to the Raspberry Pi command mode where you are prompted to enter the
username and password. The default username and password are pi and raspberry re-
spectively. The command mode is identified by the following prompt:

pi@raspberrypi:~ $

By default you are located at the home directory which is /home/pi. Your current directory
is shown by entering the command pwd. There are many commands that can be enterd in
the command mode. Some of these commands are summarized in chapter 4. Interested
readers can find detailed information on the Internet on all the valid commands.

Some commands that you may find interesting in addition to the ones given in Chapter 4
are given in the next section.

2.1 The Nano Text Editor
Nano is a small, fast editor that can only be controlled via the keyboard. To start this pro-
gram type nano in the terminal, followed by the Enter key.

File Edit Tabs Help
GNU nano 2.2.6 File: hello.c

Figure 2.1. Nano, with a C program.

Its functions are accessed via the control key, in conjunction with certain other keys. Ctrl-0O,
for example, means that you have to hold down the control key, briefly press the O key, and
then let go of the control key. The PgUp and PgDn keys (page up and page down) scroll the
text up and down by one page when it's too large to fit on one page. You can't scroll with
the mouse since the scrollbar on the right has been turned off. Some useful commands of
nano are:

o 21



Explore the Raspberry Pi in 45 Electronics Projects

Ctrl-O  Save your work (press Enter to save with the given file name).
If need be, press Y to overwrite the file.
Ctrl-X  Exit the program.
Ctrl-G  Help screen (use Ctrl-X to close the help screen).
Ctrl-K  Cut a whole line.
Ctrl-U  Paste a whole line.
In this book we use Nano mainly for editing system files, although you can also use it to
write programs. It's not very useful for Python since it does not provide automatic inden-
tation, but it is perfectly adequate for C. The traditional "Hello World" could be written in
C as follows:
1. Start LXterminal, and type in the following:
nano hello.c
2. Nano now starts with the (empty) hello.c program.
3. Type in this C program:
#include <stdio.h>
int main()
{
printf("Hello World\n");
return 0;
4. Save the program with Ctrl-O followed by Enter, and close Nano with Ctrl-X.
5. Compile the program with gcc :

gcc -o hello hello.c

6. Nothing appears to happen for a moment, but then the command prompt will
return.

7. Type in . /hello to run the new program. The text "Hello World" will now appear
on the screen.

2.2 Some Useful Commands
Now that we have created a text file in our default directory, we can have a look at some

useful commands.

e Enter command 1s to display the files in our default directory.
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e Enter command cat hello.c to display the contents of file hello.c.
e Enter command head -3 hello.c to display the fist 3 lines of file hello.c.

e Enter command tail -4 hello.c to display the last 4 lines of file hello.c.

pi@raspberrypi:~ $ 1s
Desktop Downloads MagPi Pictures Templates

Documents hello.c Music Public Videos
pilraspberrypii~ $ cat helloc.c
#J.nclude <stdio.h>

int main()

{
printf ("Hello World\n") ;
return 0;

}

pi ispberrypii~ $ head -3 helle.c
H:.nclude <sl:c1:|.o h>

int main()
raspberrypi:~ § tail -4 hello.c
printf ("Hello World\n") ;
return 0;

Figure 2.2 Some useful file commands

e Enter command mkdir test to create a directory under our default directory.
Check with command tree that a new directory has been created under our de-
fault directory.

e Change the default directory to test by entering the command cd test. Enter
command pwd to show the new default directory. Enter command cd ~ to move
back to the default login directory.

i~ $ mkdir test
it~ $§ tree

|— Desktop
| L— New
|— Documents
|— Downloads
— hello.c
I— MagPi

L— MagPiB3.pdf
}——f Music
— Pictures
}— Public
— Templates
— test

L— videos

11 directories, 2 files

pil: - i~ § ed test
pilra ypii~/test § pwd
/home/pi/test

i:~/test § ed ~
~ 51

Figure 2.3 Some useful directory commands
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e Enter command cp hello.c test/hello2.c to copy file hello.c to directory test
and change the filename to hello2.c. Enter command tree to show the directory
structure.

e Enter command rm test/hello.2 to delete file hello.2 from directory test. Enter
command cd test to move to directory test and enter Is to display the contents
of this directory.

it~ § cp hello.c test/hello2.c
L1~ § tree

Desktop

L— New
Documents
Downloads
hello.c
MagPi

L— MagPi83.pdf
Music
Pictures
Public
Templates
test

L— hello2.c
Videos

TTTTT

11 directories, 3 files
pi@raspbe i:~ § rm test/hello2.c
i~ 5 cd test

ii~/test § 1ls
raspberrypi:~/test § [l

Figure 2.4 Some useful file and directory commands

e Enter command rmdir test to delete directory test. Enter command tree to show
the directory structure.

e Enter command date to display the current date and time.

e Enter command cal to display the current calendar.
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pifraspberrypi:~ § rmdir test
pilraspberrypi:~ $§ tree

}— Desktop

| L— New
— Documents
|— Downloads
}— hello.c
— MagPi

| L— MagPi83.pdf
— Music

I——- Pictures
l— Public
}— Templates
L— videos

10 directories, 2 files

pi@raspberrypi:~ § date

Wed 18 Sep 18:44:22 BST 2019

pi@raspberrypi:~ § cal
September 2019

Su Mo Tu We Th Fr Sa

1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 19 20 21

22 23 24 25 26 27 28

29 30

Figure 2.5 Some useful commands

2.3 Raspberry Pi Desktop

The desktop provides GUI based graphical interface to the user. If you have a monitor di-
rectly connected to your Raspberry Pi then you can move to the Desktop mode by entering
command startx.

If you are connected to your Raspberry Pi over a WiFi link using your PC, then you can
move to the Desktop mode using the VNC tool or Xming as described fully in chapter 4.
This section assumes that you are already in Desktop mode. Figure 2.6 shows the top part
of the Raspberry Pi desktop.

192.168.1.202:1 (raspberrypi1 (pi)) - VNC Viewer - O ®

LN - |

Wastebasket

Figure 2.6 Top part of the Raspberry Pi desktop

At the top left hand side we have the Applications Menu. Next to it is the Web Browser, File
Manager, and Terminal. At the top right hand side we have the VNC Sever icon, Bluetooth
icon, WiFi icon, Volume control, and the current time. The Waste Basket is located on the
desktop screen.
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2.3.1 Application Menu

This menu has the options shown in Figure 2.9. The Programming options includes several
programming tools such as Java, Mathematica, Mu, Node-Red, Scratch, Scratch2, Sonic
Pi, Thonny, Wolfram and so on. In this book we will be using the Thonny in our Python
programs.

Scratch

This program can be used to easily create some simple games. The program has been
designed for use by children and as such makes use of a simple graphical programming
language. Despite its simplicity, you can create surprisingly remarkable games with it. If
you are a child, or if you have one, then this is certainly an interesting program with which
to familiarize yourself. As an adult, you could still use this program to create some great
animations. Figure 2.7 shows the Scratch screen.

Figure 2.7 Scratch screen

The Education menu includes the SmartSim.

The Office menu includes a number of programs for office use, such as Libre Office Base
(database), Libre Office Calc (spreadsheet), Libre Office Draw (drawing), Libre Office Writer
(word processing), and so on. As an example clicking on Libre Office Writer starts the word
processing package as shown in Figure 2.8.
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Figure 2.8 Libre Office Calc spreadsheet screen

The Internet menu includes the web browser such as Chromium web browser, Claws Mail
and so on.

The Sound & Video menu includes the VLC Media Player.
The Graphics menu includes the Image Viewer.
The Games menu includes the Minecraft Pi and Python games.

The Accessories menu includes useful tools such as Archiver, Calculator, File Manager, PDF
Viewer, Task Manager and so on.

The Help menu includes help on various Raspberry Pi based topics

The Preferences menu includes tools such as Add/Remove software, Audio Device Settings,
Mouse and Keyboard Settings, Screen Configuration and so on.

The RUN menu runs the entered command.

Finally, the Shutdown menu includes tools such as Shutdown, Reboot, and Logout.
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192.168.1.202:1 (raspberrypi:1

Figure 2.9 Application Menu options

2.3.2 Web Browser Menu
This menu includes the Chromium web browser

2.3.3 File Manager Menu

This menu includes various file management options found in standard Windows appli-
cations such as File, Edit, Sort, Go and Tools. You could consider this menu as a simpler
version of Windows Explorer. You can browse graphically through the directories, open files
and run programs. With the right-hand mouse button you can access the file's properties.
From here you can modify the permission settings for files etc.

2.3.4 Terminal Menu
This menu enables commands to be entered to the Raspberry Pi as if we are in command
mode. Figure 2.10 shows the screen when this option is selected.

Figure 2.10 Terminal menu option
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A useful command that is available while in this option is the Scrot which is described
below.

Scrot

Scrot is a program which is used to capture screen images. If you enter the following
command in Terminal menu, you will capture the screen contents and store the result in
myscreen.bmp:

scrot myscreen.bmp

The file will be stored in the directory from which you issued the command. You can also
take a screen capture after five seconds:

scrot -d 5 myscreen.bmp

If you don't want to capture the whole screen, you can use the mouse to select only the
part that interests you. First you enter the command, and then you use the mouse to select
part of the screen. The screen capture will take place as soon as you let go of the mouse
button:

scrot myscreen.bmp -s
You can close the Terminal menu with the exit command.
2.3.5 Bluetooth Icon

Clicking on this icon enables the Bluetooth settings to be configured. The options are shown
in Figure 2.11.

T @) | ox| 007 4
Tum Off Bluetooth

Stop Discoverable

Add Device... N

emaove Uevice

Figure 2.11 Bluetooth options
2.3.6 WiFi Icon

Clicking on this icon enables the WiFi settings to be configured. The options are shown in
Figure 2.12.
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Turn Off WiFi
v/ BTHUb5-6SPN-5G sc @ 3
BTHomeSpot-XNH &%

TWifi-X -5
HP-Print-19-LaserJet 200 color
HP-Print-BE-Officejet Pro8600 @ s

NOWTVEKKE3 &7

Our bedroom TV.v

TALKTALK2C9964 &

The Hotal & s
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Figure 2.12 WiFi options

2.3.7 Volume Control
This is a slide control that enables the audio volume to changed.
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