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Preface

This Raspberry Pi project book is not only about building a series of interesting projects but also abo
providing an education regarding the underlying project technologies. I am positive that my over-30years’ experience as a college educator forced me to ensure that readers could not only build the
projects but also understand why they function as designed.

Building a successful project is rewarding unto itself, but understanding why and how it functions
is far more important. The reader should expect a manifold increase in experience with the Raspberry
Pi if a commitment is made to expend the time and energy to complete most, if not all, of the project
I learned a lot while completing them; sometimes things worked out fine, while other times they wer
not successful. But that’s the joy of experimenting. As Professor Einstein once stated, “Anyone who
has never made a mistake has never tried anything new.”
The joy of learning about and building projects is the core concept within this book. I designed an
built all of the projects, and along the way gained a lot of knowledge about the Linux OS and how it
really shines as an embedded development platform.
I will not recap the projects here other than to state that the complexity increases from the book’s
beginning to its end. And this is how it should be, as experience and confidence in dealing with Linux
and the Python language are progressively gained by proceeding through the projects.
Experienced Linux developers should feel free to jump into any of the projects; however, there ar
useful hints and techniques sprinkled throughout the book, which might be missed by taking a
selective approach to reading it. I have also tried to point out the constraints and limitations of the
Raspberry Pi as I encountered them when designing and building the projects. Just keep in mind, a $3
computer simply cannot meet all expectations.
One disclaimer that I feel is warranted relates to the Python programs. These programs, while ful
functional for the respective projects, are probably not in their best form. As I tell my beginning
programming students, there are many ways to develop functional programs. Some are better than
others—not necessarily right or wrong. With this perspective, I tried to keep the programs simple and
to the point, and to avoid any unneeded complexity.
All of the book’s projects can be expanded and modified as desired. I strongly recommend that
readers do so, as that is one sure way to understand the concepts and bolster skills. The ability to
experiment has been described as one of the key attributes that modern employers are looking for in
twenty-first century employees.

Donald Norr
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CHAPTER 1

Introduction to the Raspberry Pi

THIS BOOK WILL INTRODUCE you to the Raspberry Pi and provide 12 projects that will lead you
through some simple, fundamental operations up to some fairly complex ones. The Raspberry Pi,
despite its small size, is a fully functional computer capable of running a full-fledged Linux operatin
system. It is also the most inexpensive computer with this level of functionality that is presently
available to the public.
The Raspberry Pi is a small board measuring 56 by 85 mm, about the size of a standard credit car
Nonetheless, it contains some very impressive functionality, as you will discover later in this chapter
This new board is shown in Fig. 1–1.

Figure 1–1

The Raspberry Pi, a small Linux computer.

A look at a bit of history regarding the Raspberry Pi (or RasPi as I will now refer to it) and its
originally intended market may help you understand the constraints and limitations that subsequently
ensued. The RasPi concept began around 2006 with Dr. Eben Upton and his colleagues at the
University of Cambridge’s Computer Laboratory in Cambridge, England. They were concerned about
the decline in knowledge and skill levels of incoming computer science students as compared with
those of earlier students. Dr. Upton decided to create an inexpensive computer, reasoning that it was
likely that parents were not allowing their children to experiment with modern and relatively

expensive PCs. This idea ultimately led to the development of the very inexpensive RasPi. This
computer would provide an excellent opportunity for children to learn and experiment with
programming, while not being a concern to parents if something should go horribly wrong and the
board be destroyed.
Dr. Upton teamed with several other individuals to form the Raspberry Pi Foundation, a registere
United Kingdom charity that promotes computer literacy and enthusiasm, especially among young
children using the RasPi as their initial platform. They seem to be achieving these highly laudable
goals, since they have greatly exceeded the initial estimate of selling 10,000 RasPi’s, and at the time
of this writing, the total sales are approaching one million units. The foundation’s website is
www.raspberrypi.org, where you will find all sorts of information about the board, current news,
forums, FAQs, and so on.
A key design decision that kept costs low was to incorporate a SoC type chip on the board. SoC is
short for System on a Chip—a technology that physically places the memory, microprocessor, and
graphics processer in a type of silicon “sandwich” that in turn minimizes the printed circuit board
(PCB) space and the accompanying PCB interconnecting board traces. The foundation eventually
partnered with Broadcom to use its designs for both the microprocessor and graphics processors in th
SoC. The SoC and some other key components and connections that you should know about are
identified in Fig. 1–2.

Figure 1–2

The SoC and other key components.

Although it is not critical to understand the Broadcom microprocessor in order to use the RasPi, i
is still helpful to discuss it for a bit so that you will know why the RasPi is slower than your PC and
why the low voltage of 3.3 V is used for interfacing the RasPi to the outside world. I will first cover
the hardware aspects of the RasPi, followed by the software aspect.

Hardware

Broadcom 2835 Microprocessor/Graphics Processing Unit

The SoC uses the Broadcom BCM2835 as its microprocessor and graphics processing unit or GPU.
The Broadcom company is what is known as a fabless supplier in that they provide the designs for
their product in the form of Intellectual Property (IP) and other companies actually create the real
silicon chips. Broadcom specializes in mobile-application-type processors including the type used in
smartphones. The BCM2835 portion of the SoC itself is made up of an ARM1176JZF-S
microprocessor running at 700 MHz and a Broadcom VideoCore® IV GPU.
The BCM2835 is designed for mobile applications, and hence, it needs to operate with minimal
power so as to extend battery life. A fairly low microprocessor clock speed helps lower power
consumption, and this is the reason the BCM2835 operates at 700 MHz, which is typically a quarter o
the speed of a modern PC. Lower clock speed also means the processor can operate at a low voltage,
thus decreasing the overall heat generated and extending chip life. The BCM2835 can be speeded up—
also known as overclocking—to improve performance, but this is generally not recommended becaus
the microprocessor can become operationally unstable and its life shortened. Be assured that the RasP
is sufficiently fast for all the projects in this book.
Broadcom has also graciously provided software drivers to allow the BCM2835 input and output
pins to be connected to external peripherals. This software is in the form of a Python library that I wi
discuss later.
The Broadcom VideoCore IV GPU handles all the video and audio processing for the SoC. This
GPU directly supports the OpenGL ES 2.0 standard that is essentially an Application Program
Interface (API) capable of running on embedded hardware, which, in this case, is the Broadcom 2835
Loosely translated, this means the 2835 can easily display three-dimensional 3D graphics using all th
requisite shaders and texture filters normally required for modern games and high-definition (HD)
video. This chip implements in hardware a 1080p, 30 frames/sec, H.264 codec required for HD. That
is an impressive performance.
For readers fascinated with performance statistics, it is interesting to note that the
Broadcom Videocore IV GPU has the following processing capabilities:
1 gigapixel/sec (that’s one billion pixels processed per second)
1.5 gigatexels/sec (that’s one and a half billion texture elements per second)
24 gigaflops (that’s 24 billion floating point operations per second)
All of this capability translates to the equivalent performance of a first generation Xbox©,
not bad for a small embedded chip in a SoC sandwich!

I will not pursue this discussion any further other than to state that the BCM2835 is more than
adequate to display all the graphics and output all the audio streams required for all the projects in th
book.

Memory

There are two memory types used in the RasPi: dynamic random access memory (DRAM) and Secure
Digital (SD) flash. The original version, model A, of the RasPi had 256 MB of RAM installed, while
the latest, Model B, has 512 MB. The 512-MB chip is easily seen on the board as the top layer of the

SoC sandwich. The SoC chip shown in Fig. 1–2 has top DRAM marked as supplied by Samsung with
part number K4P4G324EB ACC1, which translates to a lowpower 4-Gbit (512-MB) DRAM designed
for mobile applications. This means that it too uses low voltage while maintaining reasonable clock
speed. Having 512 MB of DRAM means the operating system will function very efficiently and
programs should also run smoothly provided they are properly created.
The SD flash memory is used to store the operating system, all programs, and all other data that
need persistence. In other words, nothing will be destroyed when the power is shut off. The RasPi use
SD flash memory in the same manner that a PC uses a hard drive to permanently store data and
programs. You have a choice in selecting the memory size of a SD memory card that simply slides
into a holder that is located on the underside of the RasPi, as shown in Fig. 1–3.

Figure 1–3

Back side of the Raspberry Pi.

If you purchased your RasPi as part of a starter kit, you will have received a 4-GB SD card with a
Linux OS distribution already installed on the card. A picture of this preprogrammed SD card is
shown in Fig. 1–4.

Figure 1–4

Preprogrammed SD card.

I will explain later on in this chapter how to create your own memory card so you do not have to
purchase a preprogrammed SD card. Note that most SD cards also have a class designation on the
label. The one shown in Fig. 1–3 does not, as it has had a customized label attached. The class
designation relates to the minimum data-transfer speed the SD card can handle. Remember, the SD
card is taking the place of a hard drive, so the faster, the better. Class 4 is very typical of the consume
grade SD cards that are available in most office supply stores. Class designations and their associated
minimum transfer speeds are shown in Table 1–1.
Table 1–1 SD Card Class Designations

What you should take away from this SD class discussion is that the higher the class number of th
SD card used in the RasPi, the better it will perform. The only downside is that SD cards with high
class numbers are more expensive than ones with lower numbers, sometimes more than twice the cos
for the same storage capacity. My only suggestion is to purchase a class 4 or higher; anything less an
you will be disappointed in your RasPi’s slow response.

RasPi Connectors

The RasPi has nine connectors: power, High-Definition Multimedia Interface (HDMI), analog
composite video, audio, ethernet, Universal Serial Bus (USB), two future expansion connectors, and
the General Purpose Input/Output (GPIO) interface. Each connector has specific functions that I will
discuss in the following sections, except for the expansion connectors, which are not yet used,
although I will tell you what I know about them as of this writing. There is no particular order to this
discussion although I have left the GPIO connector for last because it is by far the most complex and
hence, requires the most explanation.

Power Connector
The power connector shown in Fig. 1–5 is a micro USB socket that is wired to pass the 5-volt (V)
direct current (DC) lines from a micro USB plug, also shown in the figure. (Since all voltage in this
project is DC, I will use just the notation V for V DC.) No data connections are wired to this socket.
You can use almost any available smartphone charger that has a micro USB connector or use the
power supply that came with the RasPi kit, if that’s what you purchased.

Figure 1–5

Micro USB power connector.

Figure 1–6 shows a RasPi kit power supply that is rated to supply 5 V at 1000 milliamperes (mA)
or 1 ampere (A). The regulatory compliance document supplied with this RasPi states the following:

Figure 1–6

External power supply.

This product shall only be connected to an external power supply rated at 5 V, and a
minimum current of 500–700 mA for model A and 700–1200 mA for model B.
I will have a bit more to say regarding current consumption when I discuss the USB connector.

HDMI Connector
The RasPi provides video and audio using a fully compliant HDMI, which is modern by most
standards The board socket and sample cable plug are shown in Fig. 1–7.

Figure 1–7

HDMI connector and cable.

I have previously discussed the Broadcom GPU chip that controls the HDMI output. To keep
things simple, the book projects will use only the “standard” type of audio/video output and will not
take advantage of the true potential of the RasPi’s multimedia capabilities. Trust a fellow Evil Geniu
that you will be working hard to complete the book projects without getting involved with HDMI
development tasks.
One real problem that you will likely encounter is the lack of an HDMI input port for your
computer monitor. This leaves you with three choices for observing the RasPi video:
1. Use the composite video output with a compatible analog monitor
2. Use an adapter to convert from HDMI to Video Graphic Array (VGA) or Digital Video Interface
(DVI)
3. Take over the family’s flat panel digital TV

The first option is really not a very good choice, since the quality is diminished as compared to
what is displayed by a high-quality computer monitor. The second option is the preferred method, as
yields the best results using your existing computer resources. Choosing the third and final option wi
likely result in family discord and upheaval for which I will take no responsibility!
The choice of an HDMI to VGA or HDMI to DVI adapter will, of course, depend upon what type
of monitor input you have. Most monitors have a VGA input, and an adapter for that type of input is
shown in Fig. 1–8. The HDMI to DVI adapter is similar, and the cost for each is also similar.

Figure 1–8

HDMI to VGA adapter.

The HDMI connection also contains a very interesting surprise. The RasPi can act as a very
sophisticated remote control for HDMI-CEC compliant devices. The CEC suffix is short for Consume
Electronics Control, which is a one-wire, bidirectional serial bus link protocol used for the control of
audio and video devices. HDMI-CEC has been implemented by many A/V manufacturers including
Sony with its Bravialink, LG with its Simplink, Sharp with its Aquos Link, Samsung with its Anynet+
and so on. The bad news is that there is currently no RasPi software support available for HDMI-CEC
remote control functions. The good news is to simply wait for a short time because new software app
are constantly being created, free of charge. By the time you are reading this, the RasPi should be abl
to turn your digital flat-panel TV on and off as well as control your A/V receiver, DVD player, BluRay player, etc. The RasPi will become the ultimate remote control. For more information, go to
http://elinux.org/CEC_(Consumer_Electronics_Control)_over_HDMI.

Analog Composite Video Connector
The RasPi also produces an analog video output from the RCA socket, as shown in Fig. 1–9.

Figure 1–9

Analog video connector and cable.

This analog video functionality was deliberately included in the RasPi design to accommodate all
those situations where only analog monitors or analog TVs are available, especially in developing
countries. There is, however, an upside to the composite output. To monitor project parameters in rea
time, you can use small analog monitors. These monitors are fairly inexpensive and can often be
battery powered, which is not a realistic option with larger computer monitors. I have included the us
of a small, battery-powered analog monitor in one of the book projects. This monitor is shown in Fig
1–10.

Figure 1–10

Small analog video monitor.

Audio Connector
The RasPi is also capable of creating an analog audio output in full stereo. The output is from a
standard 3.5-mm stereo jack as shown in Fig. 1–11.

Figure 1–11

Analog audio connector and cable.

This audio would normally be the analog equivalent of the digital audio outputted from the HDM
connector. There is a book project that uses this analog output to play MP3 songs. You will need an
audio amplifier to hear the music, as the RasPi does not generate a powerful enough signal to drive an
unamplified speaker. However, a good quality set of headphones will work.

Ethernet and USB Connectors
Both the Ethernet and USB connectors are shown in Fig. 1–12. I will discuss the Ethernet connector

first, followed by the USB connectors.

Figure 1–12

Ethernet and USB connectors with cables.

The Ethernet connector shown on the left in the figure is a standard RJ45 connector. You would
simply plug your standard Ethernet patch cable into the socket and connect the other end to either you
router or switch, if that is the way you have setup your home network. The RasPi will then
automatically “negotiate” with your router to gain an Internet Protocol (IP) address in a process
known as Dynamic Host Configuration Protocol (DHCP). There are five light-emitting diodes (LEDs
to the left side of this socket as you look at it head on. The LED furthest away from the socket is
labeled “100.” If it is shining with a yellow light, this means that a 100-megabits-per-second (Mb/s)
connection was made. The next two LEDs, just to the right of the 100 LED, are labeled “LNK” and
“FDX”. These LEDs shine with green lights to indicate that the Ethernet is alive and operating.
Checking these LEDs is a quick way to determine if your Ethernet connection is working or if
something, somewhere, has gone down.
There is a stack of two USB connectors shown on the right-hand side of the figure. These are
normal USB connectors in the sense that USB peripherals will be recognized when plugged into the
sockets. The only issue with these is that the RasPi cannot supply the standard amount of current
according to the USB specification, which is 500 mA per socket. Remember that I mentioned earlier
in Fig. 1–6 that the power supply in the RasPi kit provides up to 1000 mA. If peripherals plugged into
these sockets took 500 mA each, there would be none left for the poor RasPi! Obviously, this situatio
should not be allowed to happen, and there is a good and relatively cheap solution. I use a powered
USB hub, as shown in Fig. 1–13, that can easily provide all the current that typical unpowered USB
peripherals require.

Figure 1–13

Self-powered USB hub.

There is one USB cable that connects between the hub and the RasPi. That leaves one available
USB socket on the RasPi for a low-power peripheral, such as a thumb drive. The number of USB port
provided by the hub varies with the manufacturer; however, four or five ports are fairly common. The
power supply shown in the figure is rated for 2100 mA, which precisely matches the USB
specification for four ports and a little left over for the hub internal electronics.

Future Expansion Connectors

Two connectors prominently populated on the RasPi are not currently used. Referred to as “future
expansion” connectors, they reflect the dynamic nature of the RasPi project. Fig. 1–14 is a close phot
of one of the connectors, labeled “S2.” This connector is a 15-way, flat-flex connector designated for
use with the Camera Serial Interface (CSI-2). A prototype digital serial camera was just introduced a
an international electronics show at the time of this writing. The other flat-flex connector labeled “S5
and located just behind the Ethernet RJ45 connector is designated as a Display Serial Interface (DSI)
that will eventually drive a Sony Low Voltage Differential Signaling (LVDS) serial display. You
should check the RasPi website for the latest news regarding the RasPi.

Figure 1–14

Expansion connectors.

GPIO Pin Interface Connector
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