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Abstract

The Intel Galileo, inspired by the well-known Arduino board, is a development
board with many possibilities because of its strength. The Galileo is has an
Intel processor capable of running GNU/Linux and can be connected to the
internet, which opens up the possibility to be controlled remotely.

The programming language that comes with the Intel Galileo is the same as
for the Arduino development boards, and is therefore very limited and does
not  utilize  the  Galileo’s  entire  strength.  Our  aim  with  this  project  is  to
integrate a more suitable programming language; a language that can make
better use of the relatively powerful processor to control the components of
the board. The programming language of choice is Erlang, and the reason is
obvious. Erlang can be described as a process-oriented programming language
based on the functional programming paradigm and its power in concurrency.

The result of the project was the successful integration of a complete version
of GNU/Linux on the board and the cross-compilation of Erlang/OTP onto the
board. Having Erlang running on the system opens up many possibilities for
future  work,  amongst  all:  creating  Erlang  programs  for  the  Intel  Galileo,
integrating an effective API, and measuring the pros and cons of using Erlang
on an Intel Galileo.
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Sammanfattning

Intel  Galileo  är  ett  utvecklingskort  som  bygger  på  Arduinos  succé.  Den
kommer med en kraftigare processor jämfört med Arduino Uno, och den har
möjlighet att kunna köra GNU/Linux. Den har också en port för att kunna
kopplas till internet och på så sätt kommunicera med andra enheter.

Programmeringsspråket som rekommenderas för Intel Galileo är densamma
som används för Arduinos utvecklingskort. Det finns däremot en möjlighet att
kunna kombinera utvecklingskortet med ett programmeringsspråk som kan
erbjuda mer funktionalitet och fortfarande vara enkelt. Vårt val hamnade på
Erlang för den är ett funktionellt språk och har möjlighet att hantera olika
processer.  Tanken  är  att  kunna  behandla  olika  komponenter  kopplade  till
utvecklingskortet  som  processer,  som  kan  kommunicera  med  andra
komponenter och med internet.

Projektarbetet  bestod  av  att  undersöka  ifall  det  är  möjligt  att  kunna
kombinera  Erlang/OTP  med  Intel  Galileon  samt  skriva  en  guide  för  hur
implementeringen gick till.  Att kombinera de två var lyckat och det öppnar
upp möjligheter för fortsatta arbeten och försök.
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1 Introduction 

The introductory chapter gives a short overview and explanation of the thesis
project. The general background and purpose is presented, followed by what
question the thesis will attempt to answer and its goals.

1.1 Background
Microcontrollers and other embedded devices have in recent years reached a
broader  market.  Now,  students,  programmers  and  general  hobbyists  can
create  projects  inexpensively  that  interact  with  sensors,  internet  and  their
daily lives. Communities have been created, where people come together to
share their projects and to help each other. Examples include makerspaces,
hackathons and internet forums.

Part of the reason for the growing interest is that the devices are standardized
and created with simplicity in mind. Programming a device no longer requires
to read an extensive user manual - all of the embedded device’s functionality is
presented as simple function calls and the complexity is hidden behind these
functions. The user does not need to know exactly how the device operates, the
focus is instead set on creativity.

Programming the devices is an easy task. An IDE is provided for the device,
which from the user’s point of perspective is a simple program running on the



local computer. There the user can write code and press a button to upload it
to the connected device. What the IDE actually does is it compiles the code
and transfers it to the device to be stored. The bootloader on the device is a
small program that handles the receiving and storing. Then when the device is
started it proceeds to execute the code. The device can usually only store one
program  at  a  time (excluding  the  bootloader)  and  to  change  the  code  the
device is required to be taken offline and reprogrammed from the computer.

Because  the  devices  are  standardized  they  can  be  manufactured  in  big
quantities, which decreases the cost of manufacturing and therefore also the
end price. Another reason for the low price is that the devices were designed to
have low functionality but high customizability. They have enough electronic
components to offer an easy way to upload and store code, and a wide range of
connectors to communicate with other devices/sensors - nothing more. If the
user  wishes  to  connect  the  device  to  a  sensor  that  is  not  available  on  the
device, it is a simple matter of extending the device’s functionality using the
available connectors. This way the user only has to purchase what is needed
for the project.

These extendable devices are usually referred to as extension boards, breakout
boards  or  shields.  Again,  the  position  of  the  connectors  are  standardized
which means the shields follow this standard. A shield can also pass on these
connectors to other shields to allow multiple shields to be controlled at the
same  time.  A  shield  rarely  communicates  on  more  than  a  couple  of
connectors, however it usually connects to all of them and passes them on.
Figure 1 shows an Arduino Uno microcontroller at the bottom, connected to a
couple of shields.



Figure 1 - An Arduino Uno at the bottom, connected to multiple shields
[CITATION Usi12 \l 1053 ]

1.2 Problem definition
Today there are a wide range of  shields  compatible  with the Arduino Uno
microcontroller. An Arduino Uno owner might own several of these shields.
However, because the Arduino Uno is a very simple board, some users that are
familiar  with  the  Arduino  platform  look  for  replacements  that  can  still
communicate with the shields but that offer more functionality. Speed, storage
and no multiprogramming are constraints that can limit a free programming
experience on the Arduino Uno. Luckily, there are alternatives on the market
that use the same connector standard as the Arduino Uno.

The alternative this project looks at is the Intel Galileo Gen 1. The Galileo runs
a faster processor and allows both multiprogramming and more storage. It
also has an Ethernet connector which makes the development board perfect
for using with IoT.

Further functionality can be achieved by combining the Intel Galileo with a
high-level programming language, in our case Erlang/OTP. Concurrency, hot-
code loading and compact code are some of the benefits that Erlang has to
offer.  When  properly  implemented,  these  benefits  can  give  a  whole  new
programming experience with the Intel Galileo and a new way to control its
shields. 



A deeper explanation of Erlang/OTP and Intel Galileo, as well  as the extra
functionality that can be achieved by combining them is presented in detail in
Chapter 2. The defined problem therefore takes form by combining them two
together:

How can  Erlang/OTP  be  implemented  on  the  Intel  Galileo  to  control  its
shields?

1.3 Purpose
The  purpose  of  the  thesis  is  to  investigate  whether  Erlang/OTP  can  be
implemented  to  run  on  the  Intel  Galileo.  This  is  done  to  open  up  more
possibilities for how the two can be used, and also to allow Arduino shields to
be controlled in new ways.

Instructions for how to perform the implementation will be presented to help
others attempt the same thing and to  continue the work.  The instructions
should be accompanied with explanatory notes, so someone who is unfamiliar
can understand what  is  being  done  and why.  Anyone with  an  interest  for
Arduino and/or Erlang should be able to follow the guide and reach the same
result.

The  implementations  will  be  done  with  available  packages,  programs  and
tools that are maintained. Any changes to these should be only to make them
implementable.  Digging  deep  into  these  should  not  be  done  to  keep  the
instructions easy to follow and understandable.

1.4 Goal
The end goal of the thesis is to have a functioning version of Erlang/OTP to
run on the Intel Galileo. Furthermore a step by step guide to how this can be
achieved  is  part  of  the  goal.  The  instructions  might  come  from  different
sources, but they will be presented as a complete guide.

The  goal  can  in  turn  be  divided  into  several  subgoals  that  need  to  be
completed in a sequential order. These subgoals are presented in chapter 3.

1.5 Methodology
The project method is divided into several steps in order to reach the project
goals.  We  first  start  with  acquiring  knowledge  about  the  Intel  Galileo
development  board.  This  will  be  followed  with  a  research  about  similar
projects  and  implementations  that  has  been  done  in  this  area.  We  then
continue  with  setting  up  the  Intel  Galileo  and  making  it  ready  for  use;
amongst all installing the full Linux/GNU OS on the board and setting up the
programming  environment.  The  following  step  consists  of  integrating
Erlang/OTP for the OS and system architecture by cross-compiling. Then we
implement/create a basic API for Erlang on the Intel Galileo. The project is
finished by doing performance measurements and comparisons.



1.6 Delimitations
The work being done for the thesis has some delimitations.

The implementation will only be done for the Intel Galileo Gen 1. There are
small differences between this board and the Gen 2 which is newer, however
the differences indeed could affect the end results.

The  Erlang/OTP  version  used  will  only  be  the  latest  stable  release,  17.5.
Changes are made for each version might affect the speed of the operations.
Similarly there might be configurations to the language that could speed up
the operation or in other ways improve the results, however this is not a factor
that this report has taken into account.

Updates can become available to the various packages, programs and tools
that have been used. The implementation has only used the versions that are
mentioned,  and  older  or  newer  versions  might  break  the  implementation.
Similarly there might be certain tools that can be replaced and the project still
obtains the same result. The project has not focused on finding all methods,
just one.

1.7 Outline
The next chapter will introduce the reader to Erlang and the Intel Galileo. The
information presented will be of a technical kind and will be necessary to read
to understand the scope of the thesis. The chapter will also present other work
that has been done in this area, which is of interest.

Chapter  3  will  explain  the  methods  that  have  been  used  for  the
implementation, the order in which the project subgoals have been made on
as well as the requirements and tools.

In  chapter  4  the  implementation  steps  will  be  presented.  The  chapter  is
divided in a way to give detailed step by step descriptions for how to reach the
project’s subgoals. Parts of the chapter can be seen as a step by step guide.

All of the results in the project will be presented in chapter 5.

Chapter 6 will conclude the project. The chapter will include a discussion and
an analysis of the implementation and results.



2 Background

This chapter provides historical and basic background information about the
different main components that are of interest for this thesis. These include
the Arduino Uno and the Intel Galileo shown in Figure 2. Additionally, this
chapter  describes  related  work  that  has  been  done  to  combine  the
components.

Figure 2 – Arduino Uno Rev 3 and Intel Galileo Gen 1 from
Fritzing[CITATION Fri15 \l 1053 ]

2.1 Arduino
Arduino is an open-source platform that has become immensely popular in
recent years, being adopted by engineers, programmers and people that have
never come across electronics. Because of its ease of use and the wide range of
compatible  breakout  boards,  many  hobbyists  use  the  platform  for  their
projects.

The start of the Arduino began in 2005 when the first prototype was created.
Co-founder Massimo Banzi worked at the Interaction Design Institute Ivrea -
IDII - in Italy, where he was teaching. The idea behind the new development
board was to replace the BASIC Stamp that was used in the education - they
were very expensive and had limited use[ CITATION Dav11 \l 1053 ].

The Arduino name was  first  labelled  for  the  Arduino USB board,  the  first
version of the board to come equipped with a USB connector to be used for
transferring programs. Prior to using USB it came fitted with the DE-9 serial
connector[CITATION Har15 \l 1053 ]. The name Arduino originates from a
bar in Ivrea where the co-founder used to visit, which in turn is named after
the  Italian  king  Arduin  that  ruled  a  millennium ago[  CITATION  Dav11  \l
1053 ].

2.1.1 Hardware



There are many Arduino development boards  available today,  however  the
most  common and  used  one  is  the  Arduino  Uno.  It  was  preceded  by  the
Arduino Duemilanove which as the name implies was released in 2009.

The Arduino Uno comes equipped with an ATmega328 microcontroller from
Atmel. The microcontroller offers an 8-bit AVR CPU that runs at the speed of
20  MHz[  CITATION  ATm15  \l  1053  ].  It  has  32  kB  of  storage  space  for
Arduino code of which 0.5 kB is used to store the bootloader. Small amounts
of data can be saved on the 1 kB of EEPROM so it will be available after being
taken offline. The development board operates at 5V and has 14 GPIO-pins
and  6  analog  inputs.  Six  of  the  GPIO-pins  can  be  used  to  output
PWM[CITATION  Ard15  \l  1053  ].  The  board  can  communicate  over  TTL
serial,  SPI  and  I2C.  It  has  a  USB  connector  to  be  programmed  from  a
computer.

The latest version of the board is defined as Revision 3. One of the hardware
changes made are the added extra IOREF pin, which informs the shields on
what voltage the development board operates on. The pin was added due to
new  release  of  Arduino  Due  which  also  has  the  Arduino  1.0  pinout  but
operates on 3.3V instead of 5V. Beside the hardware changes it also marks the
standard for the pinouts, as Arduino 1.0 pinout.

2.1.2 Software
Arduino’s  IDE  is  a  program  running  on  the  computer,  written  in
Java[ CITATION Dow15 \l 1053 ]. It is available for Windows, Macintosh and
GNU/Linux  and  soon  to  be  released  to  the  cloud  as  the  Arduino  Web
Editor[CITATION OOa15 \l 1053 ].

The  software  implements  the  Processing  language,  and  is  based  on  the
Processing programming IDE[ CITATION Dow15 \l 1053 ] that began to take
shape in 2001 by the PhD candidate Ben Fry at  MIT Media and Associate
Professor Casey Reas at IDII[ CITATION Cop15 \l 1053 ].

Based on Processing,  Wiring was  created at  the  same institute  in Ivrea by
Hernando  Barragán  as  a  thesis  work  under  Casey  Reas  and  Massimo
Banzi[  CITATION Ban11  \l  1053 ].  What  makes  Wiring so  easy  is  the two
functions required to make the program run - setup() that only runs once, and
loop() that is  called iteratively.  The Arduino IDE comes equipped with the
Wiring software library.

The code - or as Arduino defines it: sketch - is written in the text editor that is
part  of  the IDE and is  translated to C language once the upload button is
pressed. After the translation it is passed to the avr-gcc compiler to create the
binaries for the board[ CITATION Ban11 \l 1053 ].

2.2 Intel Galileo
Intel created their version of a microcontroller to target the IoT, and made it
compatible with the Arduino Uno Revision 3 both in terms of software and



hardware. The Intel Galileo Gen 1, Gen 2 and the newer Intel Edison are all
part  of  the  Arduino  Certified  Program[  CITATION  Ard151  \l  1053  ].  The
Galileo  Gen  1  was  introduced  in  October  2013  at  Maker  Faire
Rome[ CITATION Ram14 \l 1053 ].

2.2.1 Hardware
The Intel Galileo uses a single core 32-bit x86 Intel Quark SoC X1000 running
at 400 MHz. The processor’s code name is Clanton[ CITATION Ram14 \l 1053
], however its real name Quark implies it is smaller than the Intel Atom family
of processors. The CPU instruction set is the same as of the Pentium CPU -
i586[ CITATION Int15 \l 1053 ].

The development board follows the Arduino 1.0 pinout. The board also allows
the user to change the voltage of the pins to be either 5V or 3.3V. This  is
achieved by changing the IOREF jumper block on additional  pins that  are
available. A change in voltage is reflected on the IOREF pin that is part of the
Arduino 1.0 pinout.

The  Intel  Galileo  offers  8  MB  of  SPI  flash  memory  that  stores  the
firmware/bootloader and a user-made sketch of up to 512 kB. A flash memory
is a memory type that needs to be totally overwritten in order to save changes.
The machine using a flash memory will only boot with the flashed information
on the memory, and the rest of the information will be reset for each reboot.
Sketches are not flashed on the memory, which means that once the board is
taken offline the sketch will  be deleted. The Intel Galileo also has 11 kB of
EEPROM to save data. The most significant storage however is the μSD card
capability that allows a μSD of up to 32 GB to be used for storage and as a
bootable media.

Arduino sketches are uploaded via USB: the Intel Galileo has two micro USB
2.0 connectors, one host and one client.  The difference between the two is
defined by the conversation initiator - the Intel Galileo acts as a client when it
is  connected  and  being  programmed  by  a  PC.  General  devices  such  as
keyboards, webcams and mass storage devices connect to the host port.

Other  connectors  of  interest  are  the  10/100  Mbit/s  Ethernet  connector,  a
3.5 mm connector that can be used to access the board from a PC over serial,
and finally a mini PCIe socket that can could for example connect to a WiFi
card.

2.2.2 Software
Intel Galileo is running a custom version of Linux 3.8[ CITATION Ram14 \l
1053 ]. It has been created based on a reference system known as Poky, which
is  maintained  by  the  Yocto  Project  of  which  Intel  is  one  of  the  founding
members[CITATION  Int151  \l  1053  ].  The  project  was  created  to  make  it
easier  to  create  custom  versions  of  GNU/Linux  for  embedded
systems[CITATION Abo15 \l 1053 ].



Intel has actually created two versions of the OS, a smaller version that can fit
on the SPI flash memory, and one that can be applied to the μSD-card. The
source files for creating the different - and custom - versions for Intel Galileo
are provided by Intel in a Board Support Package, BSP.

Both versions come with BusyBox 1.20.2, which offer common utilities and
shell  commands  for  GNU/Linux  that  have  been  optimized  for  embedded
devices[ CITATION bus15 \l 1053 ]. The smaller version contains less utilities
than the bigger. The package manager  OPKG is also provided, as well as the
Arduino software libraries.
The sketch that is uploaded to the Intel Galileo can be stored and executed on
both  versions  of  the  OS.  The  sketch  is  then  run  as  a  normal  user  space
program. The drawback with this is that any hardware changes need to be
invoked through related kernel functions which could slow down the speed.
The Arduino Uno for comparison has direct access to the hardware.

Because the Intel Galileo is running with an OS, there are many programs and
programming  languages  that  can  be  implemented,  including  Python,  C,
NodeJS and OpenCV.

2.3 Erlang
Erlang is a general-purpose programming language that was founded in the
R&D section of the telecom company Ericsson. The first version of Erlang was
developed by Joe Armstrong, Mike Williams and Robert Virding in 1986 and
was supposed to be used with telephone switches[ CITATION Joe07 \l 1053 ].
An open-source version of  Erlang was released in 1998 with the name Open
Telecom Platform, abbreviated as Erlang/OTP.

The language is based on the functional programming paradigm and its power
lies  in  concurrency.  Erlang  is  process-oriented  because  of  the  efficient
handling  of  processes.  The  main  features  of  Erlang  include  simple  and
consistent error recovery, hot code loading, high abstraction level and much
less code in comparison to languages such as C or Java (up to 20 times less
code)[ CITATION Why15 \l 1053 ].

Erlang uses processes to be able to handle massive concurrency. One system
process is created for each core of the CPU which are then used to handle and
schedule Erlang’s own processes on them. If there is only one core available on
the  computer  then  only  one  system process  is  created,  and  then  executes
Erlang’s processes on it in a non-deterministic fashion to mimic concurrency.
This is slightly more time consuming than what could be done using a lower
level programming language (such as C running on its own system processes)
but it removes Erlang’s unique features.

Erlang’s  processes  are  light  weight  language-level  processes  with  short
creation and termination times. An Erlang process does not use much memory
and has a small scheduling overhead. The processes maintain communication
through message passing, and does therefore not use shared variables. This



leaves out the need for locks since there are no variables that are shared. Every
process has its own “mailbox” where the incoming messages arrive, it is then
up to the process to handle these messages in its own desired way.

Hot code loading is the ability to dynamically update running software. The
code replacement for a running system is done on a module level. There are
two types of module code: current and old. The system will always choose the
current  code  when  running,  but  the  old  code  will  remain  valid  until  it  is
overwritten. This attribute is very important on systems with a strictly high
uptime, which Erlang was initially made for. One of the principles of Erlang, is
“The system must never go down!”[CITATION Min15 \l 1053 ]. This principle
applies even though errors occur or code needs to be updated.

2.3.1 Concurrency
As previously mentioned, Erlang’s power lies in concurrency. Concurrency is
the property of a system to run many activities simultaneously with the ability
to communicate with each other. In Erlang these activities are light-weight
processes making computations. The implementation of concurrency can be
made  possible  through  multiple  cores,  multiple  threads  or  multiple
processors. Concurrency can be really beneficial on a system running multiple
components  simultaneously,  creating  a  process  for  each  query.  The  Intel
Galileo is a good example of such a multi-component system.

2.4 Cross-compiling
A compiler takes human readable text and creates binary files that a computer
can understand and execute. The concept of cross-compilation is to compile
code  on  a  platform  which  generates  executable  code  that  can  be  run  on
another platform. This is useful when compiling Erlang for Intel Galileo since
the Galileo’s processor is not that powerful and would require hours, or even
days,  to  compile  Erlang  natively.  This  way  Erlang  can  be  compiled  on  a
powerful system much faster and then having the binary files copied over.
 
The cross-compiler needs to understand the platform it is compiling for - in
our case the Intel Galileo. This platform is referred to as host, because it is the
platform  that  will  host  the  binary  code  once  it  has  been  compiled.  The
platform that will perform the compilation is referred to as build.

The build platform needs to have information about the host platform before
it can compile anything. To do this, a toolchain needs to be created first. A
toolchain is a set of programs that operate one after another - for example a
compiler and a linker. These are properly configured for the host platform (the
Intel Galileo) so the Erlang/OTP source files are taken through the toolchain
on the build platform which results in binaries that can run on the host.

The toolchain is both created and used on the build platform, however it could
also  be  used  on  a  different  platform.  This  is  a  technique  referred  to  as
Canadian Cross.



Figure 3 – Canadian Cross[CITATION Exa13 \l 1053 ]

The  example  in  Figure  3  illustrates  performing  a  Canadian  Cross  for  the
compiler GCC (Machine A), to compile code on a Mac OS X (Machine B) for
an  Android  ARM  device  (Machine  C).  The  process  starts  with  creating  a
toolchain on the Windows IA-32 to be used with the compiler on the Mac OS
X. Then the new cross-compiler is run on the Mac OS X to generate executable
code for the ARM device. 

This technique is used for the required toolchain even if both Machine A and B
are  the  same  platform  and  machine.  The  generated  toolchain  is  just  run
natively.

2.5 Related work
While working on this project there were several related projects that were
found. The reader might be interested to obtain similar functionality as for
this project, but with other parts.

2.5.1 Erlang Embedded
Erlang Embedded is an initiative coordinated by Erlang Solutions; the largest
organization specializing in Erlang[ CITATION Abo151 \l 1053 ].  The main
purpose of Erlang Embedded is to bring the concurrent systems development,
using Erlang, into the world of embedded systems. One of the projects in the
initiative  is  the  Erlang/ALE[  CITATION  Erl151  \l  1053  ] -  a  library  for
embedded systems.

2.5.2 Erlang on bare metal
A version of Erlang has been created that can run it on bare metal, known as
LING[CITATION Erl15 \l 1053 ].  It runs on a supervisor known as  Xen. A
supervisor loads and hosts an entire virtual machine, in this case Erlang.



Recently, LING has been ported for Raspberry Pi (or rather the ARM CPU)
and an upcoming release is underway for MIPS microcontrollers[ CITATION
LIN15 \l 1053 ].

2.5.3 The Nerves Project
The Nerves Project[CITATION Fra15 \l 1053 ] could be of interest for cross-
compiling  Erlang for embedded systems. It can create entire bootable Linux
kernel images using buildroot, with root filesystem that comes with Erlang
automatically.  The OS boots up with Erlang and because the language can
communicate with C code many of the basic packages for GNU/Linux could be
replaced by programs written in Erlang.

The Nerves Project has been made with the BeagleBone Black development
board in mind but ideally should work with other boards too. The difficulty
would probably be to combine it with the Yocto Project’s OS version that is
used for the Intel Galileo.

2.5.4 Beaglebone Black running Erlang
Besides using the Nerves Project to make an image with Erlang, it is possible
to install Erlang/OTP using a cross-compiler for the Ångström distribution of
GNU/Linux that is running on BeagleBone Black’s ARM processor. GitHub
user  fjoanis (Francis  Joanis)  has  created  a  guide  for  the  cross-
compilation[ CITATION Fra13 \l 1053 ], which to some extent was helpful for
this project.

BeagleBone Black does not have the same pinout as the Arduino 1.0 pinout,
however there is a shield available as a converter [CITATION Jas14 \l 1053 ]
that works  with most Arduino shields.  The BeagleBone Black development
board could therefore serve as a replacement for the Intel Galileo.

2.5.5 Raspberry Pi running Erlang
Another  development  board  that  has  become  immensely  popular  is  the
Raspberry  Pi.  Besides  offering  the  simplicity  of  the  previous  mentioned
development boards it also comes with a GPU which allows it to be connected
to a computer monitor.

The Raspberry Pi has its own pinout, however it has just like the BeagleBone
Black  a  converter  that  works  with  Arduino  Shields,  for  example  the
Arduberry[CITATION Ard152 \l 1053 ].

There are different distributions of GNU/Linux that work with the Raspberry
Pi - the recommend is known as Raspbian which is based on Debian. Because
Debian is a widely used OS there are many packages available via the package
manager apt, including Erlang. Erlang Solutions also offers compiled versions
of Erlang/OTP for Debian, including a minimal version suitable for embedded
devices[ CITATION Ome13 \l 1053 ].



2.5.6 Arduino TRE
The upcoming Arduino TRE [ CITATION Ard153 \l 1053 ] is a development
board that seems to follow the Arduino 1.0 pinout and will run on a 1 GHz
Sitara AM335x processor that is controlled by Linux. The documentation says
the board will “open the doors to more advanced Linux-powered applications”
which could imply that Erlang might be able to run on it. No release date are
set as of this writing.

2.5.7 Golang Embedded Programming Framework
Go is a programming language that can offer similar functionality as Erlang. A
framework [CITATION EMB15 \l 1053 ] has been created to control hardware
on the Raspberry Pi and BeagleBone Black with Go.

A few people have attempted to compile Go for the Intel Galileo[CITATION
Goo15 \l 1053 ], however it appears that the Quark processor does not offer all
of Go’s requirements.



3 Method

This  thesis  uses  an  experimental  building  type  case  study  as  a  research
method. With the help of practical implementations, a build is constructed by
combining different components such as Intel Galileo and Erlang. During the
build notes will be taken which will then be used for the instructions.

The build consists of several components that are combined in a sequential
order to fulfill the project’s goal. Each of the key components are part of a
different subgoal. The subgoals are presented in Figure 4.

Figure 4 – Activity Diagram

3.1 Research
Before getting into the task of introducing Erlang for the Intel Galileo, a solid
knowledge  base  about  the  software  and  hardware  is  required.  By  reading
material  available  on  the  internet  as  well  as  printed,  and  also  practically
experimenting  with  the  development  board,  the  goal  is  to  get  a  good
understanding of what will be needed to be done and how.

Available open source projects and documentation will  be looked at that is
relevant for the project. The source of information will mainly be the internet,
but there may come up other sources such as degree projects and books.

3.2 Tools and requirements
Tools, packages and other requirements needed for the implementation will
be  identified  during  the  first  subgoal  where  information  will  be  gathered.
What has been used will then be presented together with the implementation
to allow the reader to perform the same implementation.

3.3 Setting up the environment
To be able to program the development board in alignment with the purposes
a full version of GNU/Linux OS provide the board. We also have to install and
configure several software packages in order to communicate with the board.
This part of the project consists of identifying and coping with the steps that
are required to get a fully working environment.

Study  Intel  Galileo,
Erlang,  Poky  and
Cross-Compilation

Install  OS and access
the terminal Create a toolchain

Integrate  the  API  on
the Intel Galileo

Cross-compile the API
Cross-compile
Erlang/OTP



3.4 Cross-compiling Erlang
In this part we focus on the question “What has to be done to run Erlang code
on  the  Intel  Galileo?”.  What  kind  of  cross-compilation  environment
(toolchains  and  cross-compilers)  are  needed  for  the  cross-compilation  to
succeed? The aim is to be able to handle the different features, e.g. ports and
pins, of the Galileo via Erlang code.

3.5 The API
When Erlang  is  up and running  on  the  Intel  Galileo,  an  API  (Application
Programming Interface) needs to be implemented to control the hardware.
The API can be seen as a specification of how applications can communicate
with the  development board by using Erlang.  The API  will  mainly  include
functions  and  is  the  interface  of  Erlang  towards  the  programmers  which
means it has to be well structured and well documented.



4 Implementation

This section describes how the different subgoals were reached, and contains
the step by step instructions.

4.1 The necessary tools
The following tools were used:

 Intel Galileo Gen 1
 PC running Oracle VM VirtualBox 4.3.26 with internet access
 Male 3.5 mm to DB9 cable
 DB9 to USB male cable
 µSD card, 32 GB
 SD card reader with µSD to SD adapter, or µSD to USB adapter
 Ethernet Cable
 Ubuntu Desktop 12.04.5 64-bit
 Erlang/OTP 17.4 source files
 BSP 1.0.4

The implementation was done on a MacBook Pro 64-bit (late 2011) running
OS X Yosemite 10.10.3, and a Samsung Ultrabook Series 9, 64-bit, running
Windows 8.

The instructions are written for the tools “out of the box”, meaning no prior
changes have been made to the environment. The reader should be able to
follow the guide with newly acquired tools and obtain the same result.

4.2 Installing Erlang for Intel Galileo
To get Erlang/OTP to operate on the Intel Galileo it needs to be compiled for
the  platform.  Although  it  is  possible  to  use  a  compiler  natively  on  the
development board, it is not recommended to compile big projects because it
takes too much time. The CPU of  the Intel  Galileo is much faster than an
Arduino Uno, however it is not as fast as a regular workstation. Compiling
Erlang/OTP natively on Intel Galileo would take hours, if not days, to finish.

It is therefore desired to cross-compile Erlang/OTP. This means it is compiled
on  a  workstation,  which  generates  binary  files  compatible  with  the  Intel
Galileo.

Erlang/OTP requires some space to be installed, as well as storage for the code
that  will  execute.  Intel  Galileo  comes  equipped  with  8  MB  of  SPI  flash
memory, however the purpose of it is to store the bootloader/firmware and at
most one Arduino sketch[ CITATION Int15 \l 1053 ]. It is possible to flash the
memory but Erlang would still not fit together with an OS - a minimal version
of Erlang Embedded is 20 MB[ CITATION Ome13 \l 1053 ]. Therefore the
Intel Galileo needs to be booted from a µSD, and Erlang installed on this. Intel



Galileo supports µSD of up to 32 GB which is more than enough space to host
both an OS and Erlang.

The  recommended  OS  to  install  is  the  developer  kit  version  of  the  Yocto
Project. This is because it is the official OS supported by Intel for the board,
and the developer kit version contains more tools than the minimal version,
including SSH which will be needed to upload files. Intel provides excellent
documentation  for  how  to  create  a  bootable  µSD  on  different
systems[CITATION Cre15 \l 1053 ].

4.2.1 Set up the development environment
To  be  able  to  communicate  with  the  Intel  Galileo,  the  driver  has  to  be
installed/updated. These steps are essential for a successful execution of our
guide,  and  should  not  be  skipped.  The  process  of  installing  the  driver  is
described  in  a  simple  manner  in  Sparkfun’s  “Galileo  getting  started
guide”[  CITATION  Jim14  \l  1053  ],  and  is  therefore  recommended.  The
sections  Software  Download/Setup,  Driver  Installation and  Updating
Firmware are of interest. An alternative to using the Arduino IDE to update
the  firmware  is  Intel’s  own  Firmware  Updater  on  Intel’s  official  Galileo
download page[ CITATION Int152 \l 1053 ].

Since the Galileo is running on a Linux kernel it was appropriate to build both
the image and the toolchain from a GNU/Linux system. The OS was run in a
virtual machine for efficiency. If something went wrong in a major way, the
only  step  that  had  to  be  taken  was  to  install  a  new image  on  the  virtual
machine.

To set up a virtual machine with an OS is a relatively simple process, and the
project should be able to be done with other virtual machines than VirtualBox
which was used. See Appendix A for information on setting up VirtualBox.

4.2.2 Creating the Intel Galileo image
To make an OS for the board that can hold Erlang/OTP, the BSP for the Intel
Galileo has to be downloaded. The BSP includes a set of necessary packages to
let  the  build-machine understand how the Intel  Galileo  operates  so  it  can
create  the  OS for it.  It  includes  packages  for  several  different  repositories,
including meta-clanton and UEFI firmware. By modifying the resulting files,
an image can be compiled using Bitbake. 

Bitbake, being the build tool part of the build system Poky, is an alternative for
a makefile. Bitbake consists of recipes which define package dependencies and
locations for source code. Bitbake recipes also contain build, install, configure,
remove and compilation instructions.   The tool  is  used  when building  the
image and the toolchain for the cross-compilation environment.

The step-by-step guide for creating the OS is based on the book “Intel Galileo
and Intel  Galileo  gen  2”  by  Manoel  Carlos  Ramon  [  CITATION Ram14 \l



1053 ]. The reader is strongly advised to take a look at the book for further
details and explanations regarding how Bitbake functions.

Installing the dependencies
Now  that  Ubuntu  is  running,  it  is  time  to  start  installing  the  necessary
packages and all  the tools  that  will  be used to implement Erlang for Intel
Galileo. The commands that are presented are written into the terminal in
Ubuntu.

1. Install Bitbake and the required packages for the build process.

IASL is a compiler that supports ACPI (Advanced Configuration and Power
Interface). When Intel included support to run Windows on the Intel Galileo,
the ACPI was upgraded. The IASL version that comes with apt-get on Ubuntu
12 does not support this new ACPI version 5, and it is therefore necessary to
download a newer IASL version.

2. Remove IASL and download necessary  packages  to  make  the  newer
version.

3. Make IASL

4. Verify version and create a symbolic link, to be able to run the binary
from whichever directory.

The machine is now ready to create a full version image of Linux for the Intel
Galileo.

Building the image

> sudo apt-get update
> sudo apt-get install subversion libcurl4-openssl-dev uuid-dev 
autoconf texinfo libssl-dev libtool iasl bitbake diffstat gawk 
chrpath openjdk-7-jdk connect-proxy autopoint p7zip-full build-
essential gcc-multilib vim-common git-core

> sudo apt-get remove iasl
> sudo apt-get install libbison-dev flex

> mkdir iasl
> cd iasl/
> git clone git://github.com/acpica/acpica.git
> cd acpica/
> make

> cd generate/unix/bin/
> ./iasl
> sudo ln -s ~/iasl/acpica/generate/unix/bin/iasl /usr/bin/iasl



1. Download the BSP patches and decompress the downloaded file.

2. Decompress the directories that will be used.

3. Apply the patches - this procedure will run a shell script that will fetch
the necessary changes via git.

4. Add the environment variables to the shell.

5. Generate the full image for the Intel Galileo μSD card. This will take
several hours to produce.

The  image  is  now  available  in  the  images  folder  “.../meta-
clanton_v1.0.1/yocto_build/tmp/deploy/images/”,  and  is  ready  to  be
transferred  to  the  SD-card.  The  following  subchapter  describes  how  to
transfer the image to the SD card, and how to get the OS running on the Intel
Galileo.

4.2.3 Installing an OS on Intel Galileo’s µSD card
The µSD should be formatted (and erased) to FAT32 before being used. See
Appendix B for information on formatting.

Once the SD card is formatted properly it needs to be accessed. To move the
generated files to the SD card it needs to be connected to the computer and be
reached by the Ubuntu running on the virtual machine. There are several ways
to how this can be done, and it varies depending on what OS is running on the
computer.  Appendix  C  for  information  on  how  to  mount  the  SD  card  to
VirtualBox.

Copying the files

> cd ~
> wget https://github.com/01org/Galileo-Runtime/archive/1.0.4.tar.gz
> tar -xzvf 1.0.4.tar.gz
> cd Galileo-Runtime-1.0.4/

> tar -xzvf patches_v1.0.5.tar.gz
> tar -xzvf meta-clanton_v1.0.5.tar.gz

> ./patches_v1.0.5/patch.meta-clanton.sh

> cd meta-clanton_v1.0.5/
> source poky/oe-init-build-env yocto_build/

> bitbake image-full-galileo



1. Find the mounted card on Ubuntu.

The output should show various mounts on the system - however the one of
interest is the one named “GALILEO” if it was named according to Appendix
A. The SD card is mounted on “/media/GALILEO/”.

Bitbake made a few files and a folder when it created the image for the µSD
card. The files contain a timestamp in the name, so if another image is created
it  will  end  up  in  the  same  folder  but  the  files  can  be  separated  by  the
timestamp. There are three types of files and for each of these a symbolic link
is  also  created,  with  the  same  name  but  without  a  timestamp.  These  will
link/point to the most recent version (the one with the highest timestamp) of
that type of file. So when making a copy of the newest files (if there are more
versions)  to  the  SD card  there  is  no need to  locate  the  files  of  which the
timestamp is the highest - instead the files (or rather the symbolic links) that
have no timestamp will be selected.

The cp command follows symbolic links, so making a copy of a link actually
makes a copy of whatever it points to.

2. Copy the files that were generated by Bitbake. The folder is also copied,
recursively so that all of its content is also copied.

When the files have been copied the SD card is ready to be inserted to the Intel
Galileo. To be extra safe that the card is removed without corrupting it, the
virtual machine was closed down and the file that is connecting it to the SD
card was removed under  Settings and then  Storage. It was then unmounted
on Windows/OS X.

Once the card is inserted into Intel Galileo and powered on, it initializes the
OS,  including  generating  new  encryption  keys.  The  very  first  start  will
therefore take slightly longer than normally.

The reader might want to verify that the OS indeed is working. A good way to
do  this  is  to  access  the  shell,  which  also  will  be  needed  later  on  in  the
implementation. The installed OS creates an account root that does not have
any password, and this account will be used to log in.

Connecting to shell over SSH
SSH  should  start  automatically.  If  the  development  board  is  connected
through an Ethernet cable to the local network and the IP assigned to it is
known (this could be checked via the router), it is possible to access the shell

> mount

> cp bzImage core-image-minimal-initramfs-clanton-cpio.gz image-full-
galileo-clanton.ext3 /media/GALILEO/
> cp -r boot/ /media/GALILEO/



using  SSH.  For  Windows  this  can  be  done  using  a  program  such  as
PuTTY[CITATION PuT15 \l 1053 ], while other OS such as GNU/Linux and
OS X can use the command ssh in the terminal. Supposing the assigned IP is
192.168.1.1, the command would look like:

To access the device from outside of the local network,  the firewall  can be
configured  to  open  port  22  and  direct  data  to  the  Intel  Galileo.  However
before doing this the root account should be assigned a password so others
cannot log in. To change the password of the logged in user, use the following
command:

Connecting to the shell over serial
If it is not possible to access the router, the best way is to connect the Intel
Galileo to a computer via the 3.5 mm to DB9 cable and DB9 to USB cable.
Once the cables are connected, a serial console connection can be started with
the Tera Term or Putty program on Windows or the screen command for OS X
- how to connect is explained below.

The cables might need drivers to properly appear on the OS, check this with
the manufacturer.

Once a connection is created, hit enter a few times if nothing appears. The
login prompt should then be printed. After logging in, the ifconfig command
will show what IP address has been assigned to the Intel Galileo for eth0.

Serial on OS X
Once the cable drivers have been installed, the following command on OS X
should be able to display the newly connected device. Execute it before and
after connecting the Intel Galileo to the computer, and there should appear a
new file.

The new file is called cu.usbserial. Connect screen to it,  and use 115200 as
baud rate which is the speed that Intel Galileo uses for the connection:

Serial on Windows
Once the drivers have been installed and the Intel Galileo is connected to the
computer,  the  program  named  Tera  Term  is  ready  to  be  used.  When  the
program is opened a window named “Tera Term - New Connection” appears.
Choose Serial, and select the correct COM port (Tera Term should show the

> ssh root@192.168.1.1

> passwd

> ls /dev/cu.*

> screen /dev/cu.usbserial 115200



available alternatives). Then click  OK to proceed to the terminal. Finally, set
the baud rate to 115200 bps. This can be done easily by clicking on Setup on
the upper menu, choosing Serial port, changing the baud rate to 115200 and
clicking on OK.

Connecting to shell over an Arduino sketch
If these two cables are not available, there is a third way to access the shell.
Mikal Hart has created an Arduino sketch that accesses the shell using the
system() function (this is not available on regular Arduinos), and it is available
on Intel’s community[ CITATION Mik14 \l 1053 ]. Any input or output will go
through the USB port rather than the 3.5 mm.

4.2.4 Creating the cross-compiler
Now that there is an OS running on the SD card and it can be accessed, it is
time to  create  a  cross-compiler  targeting  it.  All  the  steps  in  “Building  the
image” except step 5, are mandatory to create the cross-compiler.

The following step by step guide is showing how to create the toolchain for
cross-compilation in Ubuntu 12.04.5. The reader is strongly advised to take a
look  at  the  book “Intel  Galileo  and Intel  Galileo  gen 2”  by  Manoel  Carlos
Ramon [ CITATION Ram14 \l 1053 ] for further explanations.

Toolchains can be generated for other host systems. It is here created for the
same OS that it is built on, however if the reader wishes to make it for another
OS Ramon’s book should be consulted.

1. Navigate  to  the  meta-clanton  folder  and  source  the  environment
variables to be able to create the toolchain.

2. Generate the toolchain for a 64-bit machine.

There might be an error in task 623 when compiling qemu_1.4.0 with exit
code ‘1’ the first time. If this is the case, running Bitbake again might fix the
issue. Bitbake does not restart but continues with the unfinished tasks.

The  output  file,  the  toolchain,  can  now  be  found  in  “.../meta-
clanton_v1.0.1/yocto_build/tmp/deploy/sdk” directory as an executable shell
script.

3. Execute the shell script and the SDK will be installed in the directory
chosen.

> cd ~/Galileo-Runtime-1.0.4/meta-clanton_v1.0.5/
> source poky/oe-init-build-env yocto_build/

> echo 'SDKMACHINE = "x86_64"' >> conf/local.conf
> bitbake meta-toolchain



The required tools for cross-compilation are now available on the machine.

When the toolchain is setup properly, the environment variables have to be
exported to the shell so that the system knows where the binaries are located
and  with  which  settings  it  should  compile  with.  By  sourcing  the  file,  the
environment  variables  will  become  available  to  the  current  shell.  Once
running the compilation,  the makefile  that has the instructions for how to
compile  the  package  will  look  for  if  there  are  any  predefined  variables
available,  and  use  those.  The  variables  of  interest  are  CC,  CFLAGS  and
CXXFLAGS.

Inside the targeted directory (default set to /opt/clanton-tiny/1.4.4/) for the
toolchain there is a file which name starts with “environment-setup”, this is
the file that contains the environment variables. The variables will be exported
to the shell in a later stage of Erlang/OTPs installation.

4.2.5 Cross-compiling Erlang/OTP
Now that the environment variables are set,  the Erlang/OTP can be cross-
compiled for the Intel Galileo platform. The following guide is based on the
Erlang documentation[CITATION Cro15  \l  1053 ]. It  should be  noted  that
cross-compiling Erlang/OTP also cross-compiles its applications – this applies
to all of them except the wx module. This module is used to create a GUI so it
is not needed on the Intel Galileo as it is not capable of rendering graphics.

Before  cross-compiling  Erlang,  it  has  to  be  built  natively  as  a  bootstrap
system. The cross-compilation of the Erlang/OTP for a host system will use
the native build files on the build system as well as the toolchain files. To build
it natively Erlang’s dependencies are required to have been installed on the
system. As specified by the Erlang documentation it needs a compiler which is
provided in the build-essential package, and it needs the development headers
of ncurses, termcap or termlib. The build-essential package has already been
installed however, if you use the same system as the one where you created the
toolchain.

1. Install the necessary packages.

2. Download Erlang/OTP 17.5 source files and decompress them.

> cd tmp/deploy/sdk
> ./clanton-tiny-uclibc-x86_64-i586-toolchain-1.4.4.sh

> cd ~
> sudo apt-get update
> sudo apt-get install build-essential libncurses-dev

> wget http://www.erlang.org/download/otp_src_17.5.tar.gz
> tar -xzvf otp_src_17.5.tar.gz
> cd otp_src_17.5/



3. Now it is time to make Erlang/OTP bootstrap system. This is required
before cross-compiling. The configure checks various things and then
creates the makefiles.

When cross-compiling it is important to know the CPU-VENDOR-OS triplet
for both the build and the host. The triplet for the Intel Galileo is “i586-poky-
linux-gnu”  which  the  build  system  now  can  understand  because  of  the
toolchain. The triplet for a 64-bit Ubuntu system is “x86_64-unknown-linux-
gnu”, alternatively “i386-unknown-linux-gnu” for 32-bit Ubuntu system. The
compiler is provided via the toolchain.

One  of  Erlang/OTP’s  dependency  is  the  development  headers  of  ncurses,
termcap or termlib. Dependencies need to have been cross-compiled before
the actual cross-compiling. However the listed libraries are not crucial for a
running version of  Erlang/OTP,  so there  exists  an option to build  without
them: --without-termcap. This will only allow the old shell to be used which
does not offer any line editing.

4. Add the toolchain’s variables to the current shell.

5. Confirm that the variables are available to the shell by printing them
out.  The  printout  should  read:  “i586-poky-linux-uclibc-gcc  -m32
-march=i586  --sysroot=/opt/clanton-tiny/1.4.4/sysroots/i586-poky-
linux-uclibc”.

6. Configure and install Erlang/OTP to a predefined folder. This is done
so  the  files  do  not  spread  in  different  directories,  so  we  can  later
compress the folder and move it to the Intel Galileo easily.

The compiling should be done with the “release” option. This means the files
will be compiled but the installation will not be executed. When it installs it
will  create  the  final  executable  binaries  that  include  various  other  binary
libraries. The libraries are expected to be located at specific paths, however the
paths  will  not  be  correct  once  everything  is  moved  to  the  Intel  Galileo.

> ./configure --enable-bootstrap-only
> make

> source /opt/clanton-tiny/1.4.4/environment-setup-i586-poky-linux-
uclibc

> echo $CC

> ./configure --host=i586-poky-linux --build=x86_64-unknown-linux 
--without-termcap
> mkdir /tmp/erlang-galileo/



Therefore the installation should be done when all of the files have their final
paths.

For some reason the “make release” will fail if it has not been proceeded by
“make install”. The ld program that is part of the toolchain will complain that
it cannot find a few things part of Erlang. However running “make install”
before seems to fix the issue. For that reason, make release should be run after
make install.

7. Make  a  folder  and install  Erlang  in  it.  The  resulting  files  are  of  no
interest.

8. Cross-compile  Erlang/OTP  with  release,  and  specify  the  destination
directory that was previously created.

9. Compress  the  destination  directory  containing  the  cross-compiled
Erlang/OTP with tar.

10. Transfer the compressed Erlang/OTP to root’s home folder on the Intel
Galileo. SCP uses SSH to transfer.

4.2.6 Integrating Erlang on the board
When the transfer is complete, the compressed file can be found in in root’s
home folder. This needs to be unpacked.

1. Log in to the Galileo.

2. Unpack  the  files.  This  is  done  in  the  “/media/realroot/”  directory
because it contains a filesystem with the biggest free space.

> mkdir /tmp/erlang-galileo-install
> make install DESTDIR=/tmp/erlang-galileo-install

> make release RELEASE_ROOT=/tmp/erlang-galileo/

> cd /tmp/
> tar -cvzf erlang-galileo.tar.gz erlang-galileo/

> scp erlang-galileo.tar.gz root@192.168.1.1:~

> ssh root@192.168.1.1

> mv erlang-galileo.tar.gz /media/realroot
> cd /media/realroot/
> tar -xvzf erlang-galileo.tar.gz



3. Install  Erlang/OTP,  which  will  create  the  bin/  folder  with  all  the
executable binaries.

The  install  might  give  a  warning  saying  an  operation  was  not  permitted,
however this is most likely just an attempt to create a symbolic link one of the
binaries. The important is that a “bin/” folder has appeared in the folder.
It is now possible to execute the Erlang binary. However, instead of having to
specify the entire path to the binary file, it would be nice if the shell could
automatically find it. This is done by making a symbolic link to the binary,
from a directory where the shell looks for executable binaries. 

The shell is set to look in several directories to run a binary without a specified
path. One of these directories is the “/usr/local/bin”, however this directory
does not exist. The first step is to create it, and then create the symlink in the
directory.

4. Create the directory for binary files, and then create a symbolic link in
that directory pointing to the erlang binary.

5. The last step is simply to run Erlang. Because a symbolic link has been
made in a directory where the shell searches, the binary can be started
from whichever working directory and there is no need to specify the
entire path. Erlang successfully executes on the Intel Galileo.

4.3 Installing the API
A search on the Internet was done for the best possible method to write to
files. The API “Erlang/ALE”[CITATION Erl151 \l 1053 ] - a project maintained
by Erlang Solutions - was found, which fit the requirements. The API provides
abstractions for interfacing the embedded machine’s hardware through GPIO,
I2C and SPI. It lacks support for PWM because it  was originally written as
platform-specific  and  was  not  maintained,  so  it  was  removed.  Creating
support for PWM should however not be too hard, as it is possible to take the
files for GPIO and make some adjustments so they access the correct files and
have the right names.

Erlang/ALE follows the  actor model,  meaning everything as  an entity  that
plays a role and can communicate. The idea is to treat motors, sensors and

> cd erlang-galileo/
> ./Install -minimal /media/realroot/erlang-galileo

> mkdir -p /usr/local/bin/
> ln -s /media/realroot/erlang-galileo/bin/erl /usr/local/bin/erl

> erl



similar as an actor that operate independently (and possibly uniquely) and
makes decisions based on other actors.

Erlang/ALE comes with both files written in Erlang and in C. To compile the
entire API it therefore needs to compile both of these file types. To compile
Erlang files, a build tool that can handle Erlang files needs to be used. There
are several of these tools, however the recommended for Erlang/ALE is either
Rebar3 or Erlang.mk as they also can handle to compile files written in C.
Rebar3 was used for this project. The build tool is a script written in Erlang,
which means Erlang needs to be installed on the system for it to work.

Unfortunately it was not possible to make Erlang/ALE function as it should.
The program is killed for performing an illegal instruction. The error will be
covered in Chapter 4.3.4 so the reader should know that following the steps
from here will not result in a working version. The implementation is guessed
not part of the reason for the error so it is left for reference. The reader might
want to verify that the error does occur, and if the error is resolved the guide
should be correct.

4.3.1 Letting Erlang talk with hardware
To change a state of pins on the Intel Galileo, a write is done to specified files.
The change in the file triggers the OS to make the applied changes on the
hardware.

There are a number of ways to write to a file from Erlang/OTP:
1. Using Erlang’s file interface module[ CITATION Fil15 \l 1053 ],
2. Using Erlang’s OS module [CITATION Os15 \l 1053 ] that performs the

write in a shell,
3. Creating a port in Erlang [CITATION Por15 \l 1053 ] to communicate

with a program written in C, that performs the write

Erlang/ALE uses the third option. The API is called through Erlang, which
handles it and then execute a program written in C that handles the writing to
the files on the OS. It there also checks for any errors in regards to opening or
writing,  and  then  sends  back  a  reply  to  the  Erlang-part  of  the  program.
Erlang/OTP communicates with other languages over something called a port.

To export a GPIO, the number should be written to “/sys/class/gpio/export”.
Upon exporting it the OS creates a folder in the gpio directory to allow the
GPIO to be configured. Setting it to input/output a write should be done to
“/sys/class/gpio/gpio20/direction” (here GPIO 20 used for example) with the
words “in” or “out”. If it was set as output the value of it can be changed by
writing either 1 or 0 to “/sys/class/gpio/gpio20/value”.

A note should be done in regards to the GPIO numbers - the numbers on the
OS is not the same as the ones printed on the Intel Galileo (and part of the
Arduino 1.0 pinout). Sergey Kiselev has created a diagram guide on his blog
[ CITATION Ser13 \l 1053 ] in regards to the mappings, the reader is advised



to follow it when making GPIO changes. The blog is also a good place to find
more information regarding the Intel Galileo.

4.3.2 Installing Erlang/OTP 32-bit and Rebar3
There  were  some  issues  with  cross-compiling  Erlang/ALE  from  a  64-bit
version of Erlang to a 32-bit version that runs on the Intel Galileo. The C files
compiled,  however  the  Erlang  files  returned  errors  referring  to  missing
libraries, probably because it was looking for 32-bit versions of it. The solution
was to install  a  32-bit  version of  Erlang from which the cross-compilation
would occur. Erlang Solutions offer a wide range of precompiled version of
Erlang/OTP, including for Ubuntu Trusty which is the OS used in our virtual
machine.

1. Restart the terminal. This will remove the toolchain variables from the
shell, which can interfere with installing Erlang.

2. Install a 32-bit version of Erlang/OTP for Ubuntu.

3. The installation will say that Erlang’s dependencies are not installed.
The package manager apt-get is run with “-f” as argument which will fix
any broken packages - in this case Erlang’s missing dependencies.

4. Now that Erlang is installed on the OS it is time to install Rebar3. It
comes as a single executable file that is moved to a directory where the
shell will find it, and it is set to be executable.

4.3.3 Cross-compiling Erlang/ALE
1. Before  cross-compiling,  the  environment  variables  are  added  to  the

shell.

2. A folder is created to hold everything related to Erlang/ALE. The API is
then fetched.

> cd ~
> wget http://packages.erlang-solutions.com/site/esl/esl-
erlang/FLAVOUR_3_general/esl-erlang_17.5.3-1~ubuntu~trusty_i386.deb
> sudo dpkg -i esl-erlang_17.5.3-1~ubuntu~trusty_i386.deb

> sudo apt-get update
> sudo apt-get -f install
> sudo dpkg -i esl-erlang_17.5.3-1~ubuntu~trusty_i386.deb

> wget https://s3.amazonaws.com/rebar3/rebar3
> sudo mv rebar3  /usr/local/bin/rebar3
> chmod +x /usr/local/bin/rebar3

> source /opt/clanton-tiny/1.4.4/environment-setup-i586-poky-linux-
uclibc



> cd ~
> mkdir ale/
> cd ale/
> git clone https://github.com/esl/erlang_ale.git



3. Some  packages  that  are  fetched  come  with  an  executable  binary,
usually  named  configure,  that  generates  the  makefile.  However
Erlang/ALE already comes with a makefile so the next step is simply to
compile it by calling Rebar3.

This  will  create  the  “_build/”  folder  where  the  binaries  will  end  up  in.
However the entire ale folder needs to be moved to the Intel Galileo so it can
execute properly.

4. Package the “ale/” folder, and move it to the development board.

4.3.4 Integrating Erlang/ALE on the board
1. Log in to the root user and unpack Erlang/ALE.

2. Start Erlang/OTP and add the path of the Erlang/ALE’s Erlang binary
files.

3. Now the functions available for Erlang/ALE can be used. For instance,
exporting GPIO 18 and then changing its value.

This will unfortunately return a timeout error. The reason is that the Erlang
port will attempt to contact the process part of Erlang/ALE that is written in
C,  which  has  been  killed  by  the  OS.  During  the  start_link operation,  the
process successfully exports the GPIO but is then killed by SIGILL.

> rebar3 compile

> cd ~
> tar -czvf ale.tar.gz ale/
> scp ale.tar.gz root@192.168.1.1:~

> ssh root@192.168.1.1
> tar -xzvf ale.tar.gz

> erl -pa ~/ale/_build/default/lib/erlang_ale/ebin/

> {ok, Gpio18} = gpio:start_link(18, output).
> gpio:write(Gpio18, 1).



5 Results

The resulting files, and the locations of them, are presented below.

5.1 The OS image
The make processes that consisted of approximately 2900 tasks resulted in a
directory  called  “images”.  This  directory  is  the  custom  made  GNU/Linux
image for the Intel Galileo. Creating it takes a couple of hours. The OS allows
the Intel Galileo to host files that can be accessed after a reboot. The OS also
offers services such as SSH.

If the guide was followed according to our recommendations, this file will be
located in the directory named:
“.../meta-clanton_v1.0.1/yocto_build/tmp/deploy/images/”.

5.2 The toolchain
The creation of the toolchain for a 64-bit OS resulted in an executable shell file
named  “clanton-tiny-uclibc-x86_64-i586-toolchain-1.4.4.sh”.  This  can  be
executed  on  a  64-bit  GNU/Linux  OS  which  gives  the  possibility  of  cross-
compiling code that can be executed on the Intel Galileo.

If the guide was followed according to our recommendations, this file will be
located in the directory named:
“.../meta-clanton_v1.0.1/yocto_build/tmp/deploy/sdk”.

5.3 Erlang/OTP
The  cross-compiled  version  of  Erlang/OTP  resulted  in  a  directory  named
“erlang-galileo/”. Erlang’s shell can be started from whichever directory if the
guide was followed. In the shell it is possible to perform Erlang commands, or
call functions inside of modules. As mentioned in chapter 4.2.5 not all built-in
modules can be cross-compiled. Another limitation is that only the old shell is
available  which  might  be  slightly  annoying:  if  a  shell  line  is  misspelled
everything back to that point has to be deleted and retyped rather than being
able to traverse the line.

If the guide was followed according to our recommendations, the location of
the directory is:
“/tmp/erlang-galileo/”.

5.4 Erlang/ALE
The downloaded version of the Erlang/ALE source code is in the directory
named  “ale/”.  The  cross-compiled  binaries  are  in  the  directory  named
“_build/”. The API is called through the Erlang shell or via functions which
then executes the necessary writes to the files provided by the OS. Erlang/ALE
does this by starting a port which connects to the API code written in C that
then makes the system calls. Once the file writes are executed it prepares a



response which is returned via the port to the Erlang code of the API. If it is
not returned within the default value of 5 seconds, a timeout error is reported.

Unfortunately the API does not successfully operate as it is expected. It makes
part of the changes, but during the preparation of a response from the C code
back to the Erlang code it calls some functions that are considered illegal, so
the returning value is a timeout. A more detailed description and speculation
to the cause of this is given in chapter 6.2.2.

If the guide was followed according to our recommendations, the “_build/”
folder will be located inside the “ale/” folder, which in turn is located at:
“/home/<username>/”.

5.5 The guide
Chapter 4 explains how the work has been done and also serves as the step by
step guide allowing others to do the same. The implementation was written
mainly with commands in mind to keep a good formatting. Some parts of the
guide can only be done through a terminal so it was appropriate to use it for
all of them.

There are some steps in the beginning of the guide which rely on the user’s
own OS and needs to be done “graphically”. As these steps can differ a lot
depending  on  the  OS,  programs  and  similar,  the  decision  was  taken  to
reference to  the  sources  rather  than  having  it  in  the  implementation.  The
references are also of good quality so writing a custom version in the guide
would most likely result in worse guide for the reader.



6 Discussion

In  chapter  4  –  implementation  -  the  focus  was  to  present  the  process  of
installing Erlang/OTP on the Intel Galileo as a straightforward, step-by-step
guide. In practice, that was not the case. There were several hardships during
the project, which we will discuss in this chapter. A conclusion will also be
made from what we’ve learned from the difficulties and the project itself.

6.1 Discussion
Ubuntu 12.04.5 was chosen because of its long time support and because it is
used in Ramon’s book[ CITATION Ram14 \l  1053 ] for the various builds.
Initially we tried with Ubuntu 14.04.2, however Bitbake failed to construct the
OS image on it so it was abandoned.

The BSP used is of version 1.0.4 - there are however newer versions available.
These versions might also work and should be preferred because of the fixes
they  provide.  We  only  tried  with  1.0.4  because  it  was  the  recommended
package version in Ramon’s book [ CITATION Ram14 \l 1053 ] and it proved
to work.

During  the  Bitbake  compilation  of  the  toolchain,  we  came  across  an
interesting  error.  In  task  623,  we  received  an  error  when  compiling
qemu_1.4.0, and the compilation exited with exit code ‘1’. When we tried to
compile the exact same thing directly afterwards it worked like a charm. Due
to our shortage of time, we did not have the opportunity to investigate this
error. It would be an interesting task to see what caused it.

The work has mostly circulated around compiling, and after a while it became
a bit frustrating to keep doing it. It happened that a compilation failed due to a
short loss of internet connection so it had to be restarted. At other times the
compilation would fail  unexpectedly,  but  rerunning it  would not  cause the
same issue. Once an error happened it was hard to understand what caused it.
This is  mostly because a compilation relies on many packages, has various
steps and configurations that it takes too much time to debug it.

There are many versions of the tools used and some are not compatible with
each other. Although the implementation might seem straight forward, it was
not for us when we attempted it. Many combinations and configurations were
tried.  Also  because  there  are  so  many  parts  that  need  to  work  together,
something done early on might work fine but will prove not to work once it is
implemented with something else later.

6.2 Conclusion
The conclusion is divided into the two main parts of the project.

6.2.1 Installing Erlang on the Intel Galileo



Installing  Erlang  for  the  Intel  Galileo  was  challenging.  There  were  new
concepts  and  environments  for  us  to  learn,  and  be  able  to  handle.  The
particularly challenging ones were the Linux environment, cross-compilation,
understanding  the  Intel  Galileo  and  the  communication  between  the
computer and the development board.

From this project we can conclude that cross-compiling is a powerful tool to
implement  software  on  embedded  systems.  When  the  concept  is  well
understood,  it  opens  up many opportunities  for a,  initially  limited,  system
such  as  the  Intel  Galileo.  By  cross-compiling  we  managed  to  install  and
implement  Erlang  on  the  Intel  Galileo  and  create  an  entirely  new way  of
programming the board.

With this project we also changed our view on GNU/Linux as an operating
system. When the time is spent to really understand the operating system, one
can  see  how  effective  it  is.  Most  of  the  tasks  can  be  done  by  simply
communicating with the terminal, and skip all the graphical user interface. It
is also a complicated system and it takes time to understand - this includes the
various C-libraries of which a system can rely on.

To our surprise we found that there were relevant information and guides on
the internet for almost every step of our project. The not so good part was how
spread out the information was. We are therefore happy to combine the useful
information on the internet with our own expertise to create this guide-like
report.

6.2.2 The API
It  was  saddening  to  not  get  Erlang/ALE  to  work  as  it  should.  It  looked
promising  but  in  the  end  was  harder  to  implement  than  we  thought.  It
probably would not take much to make it work, but would require a lot more
time to debug and understand the issue.

The purpose of the thesis was never to make major changes to the components
that  make  up  the  implementation.  Neither  was  it  to  focus  on  a  specific
component but rather the broader scope of it. This was also why we decided
not to create our own API.

After some analysis of Erlang/ALE’s source files for C[CITATION erl15 \l 1053
],  and  adding  several  printfs to  track  the  execution  of  the  program,  the
conclusion  was  that  the  error  originates  from  the  function
gpio_handle_request() in gpio_port.c. It there calls ei_decode_atom() which
never returns because it does an illegal instruction. The function is part of the
ei  library[CITATION  Erl152  \l  1053  ] that  comes  with  Erlang/OTP.  This
suggests that Erlang/ALE is not the cause of the error and would probably
work  fine  if  the  error  could  be  overcome.  The  issue  is  therefore  probably
related to cross-compiling Erlang/OTP and all of its libraries that come with
it.



6.3 Suggestions for future work
The  reader  might  be  interested  in  doing  a  similar  project  or  taking  this
further.  Some  examples  of  work  that  might  be  related  to  this  project  are
presented below.

6.3.1 Making Erlang/ALE work on the Intel Galileo
As mentioned, Erlang/ALE does not fully function on the development board.
An analysis of the error should be done and investigating the reason to why
the ei library is causing the illegal instruction. Fixing the issue would result in
properly controlling the hardware on the Intel Galileo from Erlang.

6.3.2 A detailed analysis running Erlang on Intel Galileo
This  thesis  focused  mostly  on  the  implementation  of  Erlang  for  the  Intel
Galileo,  however a more detailed analysis of  how well  it  operates could be
done.  This  includes  testing  the  various  communication  methods  that  the
development board has to offer, the speed of execution and if possible making
configurations to speed it  up.  The analysis  could also benchmark common
Erlang/OTP applications.

6.3.3 Comparing development boards running Erlang
As  presented  in  this  thesis  in  Chapter  2.5  there  are  various  development
boards available today that offer much of the same functionality. These boards
have different CPUs and different distributions of GNU/Linux. It could be of
interest to compare them regarding running Erlang, to present strengths and
weaknesses.

6.3.4 Comparing Erlang with Go for development boards
Go  is  a  programming  language  created  by  Google.  The  language  is  highly
influenced by the programming language C and is made to handle parallelism.
Go  has  many  similarities  with  Erlang  and  is  therefore  a  candidate  to
potentially work better on embedded systems. An analysis and comparison of
the two programming languages can be done as to how well they can work
with development boards such as the Intel Galileo.

6.3.5 Developing a tailor-made API for the Intel Galileo
During our work with the project we’ve come across a lot of general ready-to-
use  material  for  embedded  systems,  one  example  being  the  Erlang/ALE.
Unfortunately, we had a hard time finding material made specifically for the
Intel Galileo. We believe that it would be highly appreciated by Intel Galileo
developers if there was an API available made specifically for the Intel Galileo.



References

[1] upenn.projects, "Using the ethernet shield and Xbee shield with the 
same Arduino," 4 May 2012. [Online]. Available: http://home-
automation-upenn.blogspot.se/2012/04/using-ethernet-shield-and-
xbee-shield.html. [Accessed 12 May 2015].

[2] "Fritzing," [Online]. Available: http://fritzing.org/home/. [Accessed 7 
June 2015].

[3] D. Kusher, "The Making of Arduino," IEEE, 26 Oct 2011. [Online]. 
Available: http://spectrum.ieee.org/geek-life/hands-on/the-making-of-
arduino. [Accessed 18 May 2015].

[4] "Hardware Index," Arduino, [Online]. Available: 
http://www.arduino.cc/en/Main/Boards. [Accessed 18 May 2015].

[5] "ATmega328," Atmel, [Online]. Available: 
http://www.atmel.com/devices/atmega328.aspx. [Accessed 18 May 
2015].

[6] "Arduino Uno," Arduino, [Online]. Available: 
http://www.arduino.cc/en/Main/ArduinoBoardUno. [Accessed 18 May 
2015].

[7] "Download the Arduino Software," Arduino, [Online]. Available: 
http://www.arduino.cc/en/Main/Software. [Accessed 15 May 2015].

[8] OOalis, "Sneak peek on the new, web-based Arduino Create," Arduino, 5 
May 2015. [Online]. Available: 
http://blog.arduino.cc/2015/05/05/sneak-peak-arduino-create/. 
[Accessed 15 May 2015].

[9] "Copyright," Processing, [Online]. Available: 
https://processing.org/copyright.html. [Accessed 15 May 2015].

[10] M. Banzi, Getting Started with Arduino, 2:nd ed., Maker Media, 2011. 
[11] "Arduino Certified," Arduino, [Online]. Available: 

http://www.arduino.cc/en/ArduinoCertified/Products#program. 
[Accessed 25 May 2015].

[12] M. C. Ramon, Intel® Galileo and Intel® Galileo Gen 2: API Features 
and Arduino Projects for Linux Programmers, Apress, 2014. 

[13] "Intel® Galileo Gen 1 Development Board Datasheet," Intel, [Online]. 
Available: 
http://www.intel.com/content/www/us/en/embedded/products/galileo
/galileo-g1-datasheet.html. [Accessed 19 May 2015].

[14] "Intel Corporation," Yocto Project, [Online]. Available: 
https://www.yoctoproject.org/organization/intel-corporation. [Accessed
19 May 2015].

[15] "About," Yocto Project, [Online]. Available: 
https://www.yoctoproject.org/about. [Accessed 19 May 2015].

[16] "busybox(1) - Linux man page," die.net, [Online]. Available: 
http://linux.die.net/man/1/busybox. [Accessed 20 May 2015].

[17] J. Armstrong, "A History of Erlang," in HOPL III Proceedings of the 



third ACM SIGPLAN conference on History of programming 
languages, New York, 2007. 

[18] "Why Erlang?," Erlang Embedded, [Online]. Available: 
http://www.erlang-embedded.com/why-erlang/. [Accessed 8 May 
2015].

[19] "Minimal Downtime: In-flight Drone Firmware Upgrade in Erlang," 
Erlang Embedded, [Online]. Available: http://www.erlang-
embedded.com/2013/10/minimal-downtime-in-flight-drone-firmware-
upgrade-in-erlang/. [Accessed 21 May 2015].

[20] "Example of Canadian Cross," 8 June 2013. [Online]. Available: 
http://commons.wikimedia.org/wiki/File:Example_of_Canadian_Cross
,_scheme.svg. [Accessed 8 May 2015].

[21] "About," Erlang Solutions, [Online]. Available: http://www.erlang-
embedded.com/about/. [Accessed 7 June 2015].

[22] "Erlang/ALE -- Erlang Actor Library for Embedded," [Online]. 
Available: https://github.com/esl/erlang_ale. [Accessed 13 May 2015].

[23] "Erlang on Xen," [Online]. Available: http://erlangonxen.org/. 
[Accessed 25 May 2015].

[24] "LING: not just Erlang on Xen Porting LING to ARM/MIPS 
Microcontrollers," Erlang Solutions, [Online]. Available: 
http://www.erlang-factory.com/euc2015/viktor-sovietov. [Accessed 25 
May 2015].

[25] F. Hunleth, "Nerves-Project," [Online]. Available: http://nerves-
project.org/. [Accessed 24 May 2015].

[26] F. Joanis, "Cross compiling Erlang for the BeagleBone Black," 6 June 
2013. [Online]. Available: http://fjoanis.github.io/2013/06/14/Erlang-
On-BeagleBone-Black/. [Accessed 25 May 2015].

[27] J. Kridner, "BeagleBone Black Project Spotlight: Shield I/O," 
Beagleboard, 7 April 2014. [Online]. Available: 
http://beagleboard.org/blog/2014-04-07-project_spotlight_shield_io/. 
[Accessed 25 May 2015].

[28] "Arduberry For The Raspberry Pi and Arduino Shields," Dexter 
Industries, [Online]. Available: http://www.dexterindustries.com/site/?
product=arduberry-raspberry-pi-arduino-shields. [Accessed 25 May 
2015].

[29] O. Kilic, "New Erlang package for small devices: erlang-mini," Erlang 
Embedded, 10 Sept 2013. [Online]. Available: http://www.erlang-
embedded.com/2013/09/new-erlang-package-for-small-devices-erlang-
mini/. [Accessed 25 May 2015].

[30] "Arduino TRE," Arduino, [Online]. Available: 
http://www.arduino.cc/en/Main/ArduinoBoardTre. [Accessed 25 May 
2015].

[31] "EMBD - Golang Embedded Programming Framework," [Online]. 
Available: http://embd.kidoman.io/. [Accessed 25 May 2015].

[32] "Go on Intel Galileo?," [Online]. Available: 
https://groups.google.com/forum/#!topic/golang-nuts/ogkhcggIqlU. 
[Accessed 25 May 2015].



[33] "Creating a bootable micro SD card for the Intel® Galileo board," Intel, 
[Online]. Available: https://software.intel.com/en-us/creating-bootable-
micro-sd-card-for-intel-galileo-board. [Accessed 13 May 2015].

[34] Jimb0, "Galileo Getting Started Guide," Sparkfun Electronics, 23 
January 2014. [Online]. Available: 
https://learn.sparkfun.com/tutorials/galileo-getting-started-
guide#software-downloadsetup. [Accessed 7 June 2015].

[35] "Intel® Galileo Firmware and Drivers 1.0.4," Intel, [Online]. Available: 
https://downloadcenter.intel.com/download/24748/Intel-Galileo-
Firmware-and-Drivers-1-0-4. [Accessed 7 June 2015].

[36] "PuTTY: A Free Telnet/SSH Client," [Online]. Available: 
http://www.chiark.greenend.org.uk/~sgtatham/putty/. [Accessed 3 
June 2015].

[37] M. Hart, "Poor man's telnet for Galileo," 24 August 2014. [Online]. 
Available: https://communities.intel.com/message/222211. [Accessed 3 
June 2015].

[38] "Cross Compiling Erlang/OTP," Ericsson AB, [Online]. Available: 
http://www.erlang.org/doc/installation_guide/INSTALL-CROSS.html. 
[Accessed 13 May 2015].

[39] "File," Ericsson AB, [Online]. Available: 
http://www.erlang.org/doc/man/file.html. [Accessed 14 May 2015].

[40] "Erlang -- os," Ericsson AB, [Online]. Available: 
http://www.erlang.org/doc/man/os.html. [Accessed 14 May 2015].

[41] "Ports," Ericsson AB, [Online]. Available: 
http://www.erlang.org/doc/tutorial/c_port.html. [Accessed 14 May 
2015].

[42] S. Kiselev, " Intel Galileo - Programming GPIO From Linux," 28 October 
2013. [Online]. Available: http://www.malinov.com/Home/sergey-s-
blog/intelgalileo-programminggpiofromlinux. [Accessed 5 June 2015].

[43] "erlang_ale/c_src," [Online]. Available: 
https://github.com/esl/erlang_ale/tree/master/c_src. [Accessed 5 June
2015].

[44] "Erlang -- ei," Ericsson AB, [Online]. Available: 
http://erlang.org/doc/man/ei.html. [Accessed 6 June 2015].

[45] "Download VirtualBox," VirtualBox, [Online]. Available: 
https://www.virtualbox.org/wiki/Downloads. [Accessed 2 June 2015].

[46] "Alternative Downloads," Ubuntu, [Online]. Available: 
http://www.ubuntu.com/download/alternative-downloads. [Accessed 2 
June 2015].

[47] B. Holt, "Mount SD card in VirtualBox from Mac OS X Host," 21 July 
2014. [Online]. Available: http://www.geekytidbits.com/mount-sd-card-
virtualbox-from-mac-osx/. [Accessed 2 June 2015].



Appendix A: VirtualBox

This  appendix  contains  information  on  how  to  setup  VirtualBox  on  the
computer. It was used for the implementation to host Ubuntu, which in turn
was used for the build.

1. Download  and  install  VirtualBox  for  the  OS  on  your  PC  from
VirtualBox’s website[CITATION Dow151 \l 1053 ].

2. Download an image of Ubuntu Desktop 12.04.5 64-bit from Ubuntu’s
website[CITATION Alt15 \l 1053 ].

3. Create a new virtual machine in VirtualBox and give it a name. Proceed
through the options  and specify  Ubuntu 32-bit/64-bit.  The machine
that was used was given 2048 MB of RAM and a fixed-sized virtual
drive  was  created  as  a  VirtualBox  disk  image  (VDI)  with  64  GB of
storage. It might work with less storage.

4. Start the machine and choose the downloaded image. Then proceed to
install the OS on the machine, without updates.

5. Once the installation is done, the virtual machine needs to be restarted.
Before  running  the  machine  again,  select  the  machine  and  go  to
Settings. Under  Display, give it the maximum video memory possible
(128  MB).  Also  activate  3D-acceleration.  These  changes  are  not
necessary, but will  make the virtual machine respond quicker to any
graphic changes. Proceed to start the machine.

6. When it has booted and the main user is logged in, install VirtualBox’s
guest additions. This is done by going to Devices and then Insert Guest
Additions CD image. The guest additions make it possible to alter the
virtual machine’s window size. This is also not mandatory but makes it
easier to work with. After the installation the virtual machine needs to
be restarted again.

7. Start  System Settings on the menu on the left, select  Brightness and
Lock and choose “Never” when the screen should turn off. This removes
the annoying need of having to log in to Ubuntu again if left inactive for
too long.



Appendix B: Formatting an SD card

This appendix contains instructions necessary to format an SD card on various
OS. The formatted SD card is used to host the OS on the Intel Galileo.

Formatting on OS X
For OS X this is done through Disk Utility. Start it, connect the µSD card to
the SD adapter and insert that in the card reader on the MacBook. It should
automatically  appear on the menu.  Select  it  and then go to  Erase.  Choose
“MS-DOS (FAT)”, rename the card “GALILEO” and then press Erase.

Formatting on Windows
To  make  the  formatting  on  Windows,  Explorer can  be  used.  Start  the
program, insert the card in the card reader and insert the card reader to the
computer, and it should appear as a device. Right-click, choose Format, make
sure  FAT32 is  selected  and then select  Quick  Format and  press  Start.  To
rename the card right-click it and select Rename, then name it “GALILEO”.



Appendix C: Mounting a SD card to VirtualBox

This  appendix  contains  some  short  information  regarding  how  to  get  a
physical media to appear in the OS that is run inside VirtualBox.

OS X
Brady Holt has made a guide on his website[CITATION Bra14 \l 1053 ] for
how to mount the SD card to  VirtualBox from OS X. The card is connected
through the card reader on the MacBook. It creates a VirtualBox-file on OS X
which points to the SD card. This file is then added as a hard drive to the
virtual machine.

Windows
For Windows, the mounting of the SD-card is done through USB. The SD card 
is connected to the computer through a USB adapter. To mount the SD card to
the OS running on VirtualBox, the header named “Devices” on the upper 
taskbar has to be selected. The user then needs to select the alternative “USB-
devices” from the drop down menu. Finally, the user selects the USB-device 
that the SD card is connected to, and can now enter the SD card through 
VirtualBox.
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