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Programming the LEGO™ Mindstorms Robot" Using C++,
Code::Blocks?, nxtOSEK? and the nxtSim*

Section 1: Introduction

Lego Robot systems are wheeled robots that can be assembled in different
configurations and can be made to move and sense things through various sensors (e.g.,
touch, light, sound, etc.) as they move. Lego first marketed the Lego Mindstorms RCX,
which was based on a Hitachi H8/300 Microprocessor. We developed an integrated
system that is being used to teach C++°, which had incorporated the use of the Lego
Mindstorms RCX. Lego has upgraded their Mindstorms system to a more powerful
system known as the NXT robot, which is based on an ARM processor. We have now
developed an NXT-based system for teaching students C/C++.

The purpose of this tutorial is to give students an understanding of how to
program the NXT robot using C/C++. You will be introduced to the commands that will
control wheel motion and sensing through touch and light. This type of programming is
especially important for science and engineering students because programming does not
just involve writing code to perform calculations and output results on a computer screen,
but also involves process control. Many computer applications require the writing of
programs to sense the environment and perform a task based on the information that is
sensed. These issues come up in multimedia applications, including game playing and, of
course, robotics. By learning to program a robot, you will be introduced to the concept of
how programs can be written to interact with the environment.

As this is the first course in programming, the programs that you will write will be
simple, but will introduce you to basic mechanisms of sensing and control using C/C++.

L http:/iwww.lego.com/

2 http://vww.codeblocks.org/

® http://brickos.sourceforge.net/

* http://hoenicke.ath.cx/rex/brickemu.html

% http://eilat.sci.brooklyn.cuny.edu/cisl_5/Programming%20the%20LEGO.pdf
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Section 2: Basic Concepts

We will first consider some basic concepts on the relationships among Programs and
Compilers, Bios and Firmware, Operating Systems, Virtual Machines, and Integrated
Development Environments (IDE’s), which are critical for understanding the system and
how programs for controlling the robot are developed.

Programs and Compilers:

A computer program is a set of instructions that can be followed by the computer
to perform a given task. These instructions may be written in any number of languages,
such as C++, Java, or Fortran, etc. These languages are known as high-level languages
and are a convenient way for the programmer to implement an algorithm used to solve a
problem. A program written in a high-level language is known as the source code.
Unfortunately, the computer can only understand a difficult to follow low-level language,
consisting of zeros and ones, known as machine code. A compiler translates the source
code into an intermediate form known as object code, which is then combined with
various pre-written routines contained in libraries to form the executable file (machine
code) which can be executed (or run) on the computer. In order to distinguish the various
files from one another, they are assigned extensions. Thus, source code written in C++
may have the .cpp extension, the output of the compiler the .obj extension and the
executable may be assigned the .exe extension (Figure 1).

The system we describe for programming the NXT robots is nxtOSEK, which
utilizes the GNU ARM cross-compiler to compile code written in C/C++ for the NXT
robot. Under nxtOSEK, the compiler translates the C++ source code into a form
understood by the robot, which is saved in a file having the .rxe extension

#include Source code
<headerfile> i file1.cpp
Compilation
Y
Library code Object code
(.obj, .1ib) file1.obj
l Linking
Executable Code
file1.exe
l Execution
Results
Figure 1

BIOS and Firmware:

All computers must follow a set of basic instructions, which start up the
computer, allow for communication between the devices in your computer (such as your
hard drive and graphics card) and the rest of the system hardware. This software is known
as the BIOS, or Basic Input/Output System. The BIOS is stored in a semi-permanent
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location known as the CMOS (Complimentary Metal-Oxide Semiconductor) memory.
The term firmware is used to describe the software that implements instruction sets that
can run any device and is generally stored in the memory of a device. In the computer
that runs a robot, the firmware is the program residing in the memory of the robot that
interprets and implements the program that instructs the robot to behave in a certain
fashion. While there various Firmware systems that have been developed for the NXT
Lego robot, we will utilize John Hansen’s Enhanced Firmware to run the C/C++
programs that will control the Lego NXT robot (See Section 11.2).

Operating Systems:

An operating system (OS) provides the interface between the user, the application
programs and the computer’s hardware, Figure 2.

Application

Operating System

|

Hardware

Figure 2

All programs that you use or write are managed by the operating system that is installed
on your computer. Operating systems with which you may be familiar include: Windows
XP, Windows Vista, Windows 7, Mac OS and Ubuntu Linux.

Virtual Machines:

Most users select a single operating system, often pre-installed on their computer
at the time of purchase. Thus IBM compatible — Intel based computers often have
Windows Vista or Windows XP pre-installed, while Apple — Intel based computers will
have Mac OS X as their native operating system. (It is interesting to note, that Mac OS X
is actually based upon a Linux variant). In order to take advantage of features and
software programs that may be available only on a specific operating system, advanced
users often find it useful to be able to use more than a single operating system. One way
to accomplish this is by permanently installing two different operating systems using
what is known as a dual-boot system. However, a more modern (and more flexible)
alternative is known as platform virtualization or as the virtual machine. A virtual
environment is created by software (such as Oracle’s VirtualBox or Microsoft’s
VirtualPC) that is installed on a host machine, which is running a particular host
operating system (This could be any of the operating systems described above). This
software creates a virtual machine on which other operating systems can be installed.
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These are known as guest operating systems. The guest operating system runs just as if it
were installed on a stand-alone hardware platform that has the characteristics of the
virtual machine. Typically, many virtual machines can be simulated on a single physical
machine, their number limited by the host’s hardware resources. Figure 3 is an example
of Windows XP hosting two virtual machines: a virtual machine running a Windows
Vista guest as well as an independent virtual machine running Ubuntu Linux as a guest,
using VirtualBox as the virtualization platform.

3 npplcations places system @) @ B8 & Monjan 5. 845 AM  student «@ € 9
& =
o] : s

Selings Delse | Show
(-7 b (gt 1)
|5 Auneng

._” gtz:'?w u

]
i, .00 6]

FEECEEOTTE !

Figure 3 - Windows XP hosting Vista and Ubuntu Linux

In this example, Windows XP is the host OS while Ubuntu Linux and Windows Vista are
the guests, so that the user has the luxury of having the equivalent of three computers for
the price of one.

Open Source Software:

Open source software (OSS) refers to software that is developed, tested, or
improved through public collaboration and distributed with the idea that the source code
must be shared with others, ensuring an open future collaboration.® In contrast to
proprietary software, OSS may be freely downloaded and used (as long as they include
the source code for others to modify and change). All the software that we will be using

® http://searchenterpriselinux.techtarget.com/sDefinition/0,,sid39_gci214343,00.html

Page 6



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, nxtOSEK and the nxtSIM

in this manual is of the OSS variety. Because of the nature of the public collaboration,
discussion forums are available for the user (and developer) who need further
information. Students are urged to follow the links given in the Appendix for more
information.

Section 3: Programming Environment

Programs in this course will be developed using an Integrated Development
Environment (IDE) called Code::Blocks, whose use and structure is described in the
Code::Blocks Student Manual, by Goetz, Langsam and Raphan, available at the
following site:

http://www.sci.brooklyn.cuny.edu/~goetz/codeblocks/codeblocks-instructions.pdf.

Briefly, Code::Blocks is an environment that allows you to build (compile and link)
programs that can be run. For running C++ programs under Code::Blocks, a compiler
will be used to translate the C++ programs which you will write, into an intermediate
form of machine language which can be understood by the computer. A linker combines
your program with other modules that are in a library that are necessary to print, read data
and do the calculations that make the program work. To build your program is to compile
and link the intermediate code and pre-written modules into the final form which can be
executed on the computer. In more advanced programs, the linker combines different
modules to form one major program. For normal programming, a compiler is used that
works for the host system. When working on a PC under Microsoft Windows, the
compiler will translate the program to work with the processor that is in the computer as
well as generating the appropriate code to interact with the Windows environment. On a
Mac, it will translate the program to the processor on the computer and interact with
MacOS X. Similar translations will occur for computers running other operating systems
such as Linux.

To control the NXT robot, it will be necessary to translate the program into a
language the robot understands. This will require a different type of compiler, which is
called a cross-compiler. This cross-compiler has been incorporated into the Code::Blocks
IDE environment provided by the CPlusVEBot described in this manual. Thus,
Code::Blocks can be used to cross-compile robot programs and translate them into the
language that the robot microprocessor can run and make the robot perform.

Once the robot program has been compiled, it will then be necessary to download the
program into the robot’s control system, which we will refer to as the “Brick.” This is
done either through a wired USB (Universal Serial Bus) connection from the host
computer or via a Bluetooth connection. Before a program can be downloaded to the
robot microprocessor, however, the Lego firmware (which will reside in the memory of
the Brick), must be downloaded. So, running a robot program requires six steps:

1. Download the firmware (John Hansen’s Enhanced NXT Firmware) from the host
computer to the Brick over the USB connection.

2. Write a program using the Code::Blocks IDE.

3. Build the program (cross-compile and link) using the Code::Blocks IDE.

4. Download the built program to the Brick.
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5. Open the program on the Brick.
6. Push the run button on the Brick and watch the robot do its thing.

As mentioned in the introduction, the different stages of compilation and creating
executable code generate files that have different extensions.

Extension Purpose

.Ixe filename.rxe — compiled nxtOSEK C++ code

.C filename.c — Source code written in C

.cpp filename.cpp — Source code written in C++

.0 or .obj filename.o — Object code produced by the C++ compiler

.exe filename.exe — Executable file produced by the linker
which may be run on the computer

Table 1

Section 4: Real Brick and its Simulator

Since not everyone has the resources to buy and build a real Lego Robot, we
developed a simulator, which we call nxtSIM. This simulator is a system that runs on a
computer and executes the instructions of the real Brick, but on your computer. Using
nxtSIM you can write programs for the Brick, and have them run just as if you had the
real Brick. This helps debug programs that you will write so that you can then have them
run on the real robot.

The Brick NXT Simulator has been designed to function from within a Linux
environment. Whether using a Windows PC with the XP or Vista/Windows 7 operating
system, or a Mac PC using OS X, all the programs necessary to program the real or
simulated Brick have been incorporated within an Ubuntu Linux client hosted on a
VirtualBox virtualized PC. This will provide a common environment for the entire class.
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Section 5: The Lego Robot and the NXT Brick

One of the many robots that can be built using the Lego NXT Robot system is
shown in Figure 4.

Figure 4 - A Lego NXT Roverbot with various sensors and
motors.

The brain of the Lego Robot is the NXT Brick), which contains an ARM
AT91SAM7S256 microprocessor. There are also four sensor ports (Sensor 1, Sensor 2,
Sensor 3, and Sensor 4) and three motor ports (A, B, C). The motors and sensors can be
independently controlled by the program. It also has a LED display so that messages can
be sent to the robot and displayed. Programs can be downloaded to the Brick via the Lego
USB port or through a Bluetooth interface that establishes a proprietary link between the
robot and host computer.

bislesheilig

4E>
L

g -
|

L AXT

Figure 5 - Lego NXT Brick
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nxtSIM — Simulator for NXT Brick:

The nxtSIM was designed to mimic the actual NXT Brick and is shown in Figure 6.

NXT Simulator [=][x]

—- |
/ Hello World! ' 1
7

‘Y

Value of motar.

LCD display.

Press to start program. Press again to exit.

el =

_» (0 |0 IIc_- o ]

—
Value of sensor. nx— —
Editable.

vl

Press to activate touch sensor. Then use arrow keys to adjust value.

Figure 6 - nxtSIM

The values sent to the motor ports are displayed in the boxes at the top of the
display (currently displaying a value of O for all three motor ports). The sensor ports
(shown at the bottom of the display) may be modified by clicking on a button underneath
the sensor and using the LEFT/RIGHT and UP/DOWN arrow keys (LEFT/RIGHT
change in steps of 10 and UP/DOWN keys change the values in steps of 1). Pressing Q,
W, E, R, represent the four sensor inputs. Holding down one of these keys will simulate a
touch sensor being pressed. When the ON button is pressed, the program for the
simulator runs. Pressing the ON/OFF button again will close the simulator. The center
panel is a window that simulates the brick’s LCD.

We will have more to say about the simulator below.
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Section 6: Installation

6.1.System requirements’
In order to run VirtualBox on your machine, you need:

Reasonably powerful x86 hardware. Any recent Intel or AMD processor
should do. (Note: You cannot run VirtualBox on a PowerPC based Mac.)
Memory. You will need at least 512 MB of RAM (but probably more, and
the more the better). Basically, you will need whatever your host operating
system needs to run comfortably, plus the amount that the guest operating
system needs. So you probably won't enjoy the experience much with less
than 1 GB of RAM. Two or more GB of RAM will be more than adequate
on an XP host, while 3-GB of RAM will be more than adequate for a
Vista/Windows 7 Host.

Hard disk space. While VirtualBox itself takes up little space on the disk
(a typical installation will only need about 30 MB of hard disk space), the
virtual machines will require fairly huge files on disk to represent their
own hard disk storage. So, to install Windows XP, for example, you will
need a file that will easily grow to several GB in size. For our system you
will need a minimum of 2 GB free space. The VMDK file (containing the
virtual media disk) is just under 2 GB. Technically the VMDK file has a
maximum of 16 GB so that a total of 20GB of free space would be more
than adequate for future growth.

6.2.Installation
The installation of the system while lengthy is quite easy to do. It contains three

steps:

a. Copying the installation files to your disk
b. Installing VirtualBox
c. Installing Ubuntu Linux

Step a: Copying the installation files to your disk (Windows based PC)

Insert the Installation Disk (available from your instructor) into your computer.

After a short period of time, on a Windows PC you will see a screen similar to the
following.

If you are using a Mac please go to page 14.

" http:/ivww.virtualbox.org:80/wiki/End-user_documentation
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o ButoPlay El =l @

DVD RW Drive (D:) Ubuntu

e "
Always do this for software and games:

Install or run program

e Publishe

General options

Open folder to view files

Set AutoPlay defaults in Control Panel

Figure 7

Select Run Menu.bat. The screen on the next page will appear.

o C\WINDOWS\system32\cmd.exe

Uirutal Box ~ Ubunutu Install System

B=Adobe Reader — MNeeded for the documentation.
1=Install Uirtual Box

2=Documentation

I=Quit

Pleaze select (B,.1.2 or 33: _

Figure 8

Select choice 1 in order to install VirtualBox .
To read the documentation, select choice 2 then Enter.

To quit, select choice 3 and then Enter.
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The DVD contains some useful documentation for you to read. Upon selecting
choice 3 the following Documentation Screen appears:

f CPlusVEBot: C++ Virtual Environment for Programming Robots - Windows Internet Explorer = |EI|1|
Flle Edit View Favorites Tools Help @ Convert ~ [0 Select
\SGAT I@ C:\Documents and Settings\jdoe\DesktopVirtual Box DVD Fall 10'Docsndex, html j I“'f. 1|
= ‘= 53
i:? afiy '_,éCPIusVEEot: C++Virtual Environment for Programmin... | | @ 3 - o |_:,\"EBQE = H_,/} Tools -
|

CPlusVEBot: C++ Virtual Environment for Programming
Robots

Documentation

The documents below require Adobe Reader.

Full Manual

Virtual Box Install - PC
VirtualBox Install - Mac

Ubuntu Documentation
CodeBlocks Instructions

nxtOSEK APT
nxtOSEK Home Page

Amy Delman
Lawrence Goetz
Adiba Ishak
Mikhail Kunin
Yedidyah Langsam
Theodore Raphan

Brooklyn College
City University of New York

Figure 9

If you are installing VirtualBox on a Windows based PC please skip to page 16.
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Step a: Copying the installation files to your disk (MAC OS X)

If you are using a Windows based PC please go to page 11.

Insert the Installation Disk (available from your instructor) into your computer.

After a short period of time, on a MAC OS X you will see a screen similar to the

following.

Figure 10
Click on the DVD icon.
You will then see the following screen:
&/ Ubuntu = ;
q
k. L% L,
E ]
autorun.inf copy=vdi.bat :upwdl.m.mmnd
v v “
43'} P Docs Macg menu.bat
L Applications | & — -
A E 3
ﬁ Documents = E
ot | menu.command J rC README.txt
n Mavies
é Music -
D PEmes Ubuntuvdi
| 1 of 10 selected, Zero K6 available |
Figure 11

Double click on the file called menu.command and you will see the screen below
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®@NnN Terminal — sh — 80x24

¥k % % % k% Virtual Box with Ubuntu Install # % % * % % % % & %

[B] Adobe Reader - Nesded for the documentation
[1] Install ¥Yirtual Box
[2] Show Documentation

[3] Exit

Enter your menu choice [B-3]:

Figure 12

Select menu option 1 to install VirtualBox and proceed to Step b: Installing
VirtualBox (on a Mac) on page 26.
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Step b: Installing VirtualBox (on a PC)

If you are installing VirtualBox on an Apple Mac please skip to page 26.

You will see the following screen. Follow the steps of the installation wizard as
shown below:

fiz Oracle VM VirtualBox 3.2.8 Setup X

' ' Welcome to the Oracle VM

VirtualBox 3.2.8 Setup Wizard

The Setup Wizard will install Orade WM VirtualBox 3.2.5 on
your computer, Click Mext to continue or Cancel to exit the
Setup Wizard,

Version 3.2.8

Figure 13

Click Next to contine.
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i'-.E‘ Oracle VM VirtualBox 3.2.B License Agreement x|

End-User License Agreement

Please read the following license agreement carefully.

VirtualBox Personal Use and Evaluation License (PUEL) ﬂ
License version 8, April 19, 2010

OFRACLE CORPORATION (“ORACLE™) IS WILLING TO LICENSE THE
PRODUCT (AS DEFINED IN § 1 BELOW) TO YOU ONLY UPON THE
CONDITION THAT YOU ACCEPT ALL OF THE TERMS CONTAINED IN

THIS VIETUALBOX PERSONAL USE AND EVAILUATION LICENSE
AGREEMENT (“AGREEMENT ™). PLEASE READ THE AGEEEMENT
CAFEFULLY. BY DOWNLOADING OR INSTALLING THIS PRODUCT, YOU ;I

™ I do not accept the terms in the License Agreement

Version 3.2.8 < Back I Mext = I Cancel

Figure 14

Accept the agreement and select Next.
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i'-.E‘ Oracle VM VirtualBox 3.2.8 Setup X|

Custom Setup

Select the way you want features to be installed.

Click on the icons in the tree below to change the way features will be installed.

""" VirtualBox Application Orade VM VirtualBox 3.2.8
- = = | WirtualBox USE Support application,
(=1 &= x| VirtualBox Netwarking

p— ~ | VirtualBox Bridgec
{ % irtual g This feature requires 33MB on your
""""" S - | VirtualBox Host-0 - | g drive. Tt has 3 of 3

- =3~ virtualBox Python Suppor | subfeatures selected. The
subfeatures require 450KE on yo...
J | i

Location: C:\Program Files\Orade\WirtualBox\, Fores |
Version 3.2.8 Disk Usage < Back I Mext = I Cancel |

Figure 15

Leave the defaults set and click Next.
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-_| Oracle VM VirtualBox 3.2.8 Setup

Custom Setup
Select the way you want features to be installed.

Figure 16

Leave the defaults set and click Next.
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{5 Oracle VM VirtualBox 3.2.8 x|

Warning:
Network Interfaces

Installing the Qrace VM VirtualBox 3.2.8 Netwarking feature
will reset your network connection and temporarily
disconnect you from the netwark,

Proceed with installation now?

Version 3.2.8

Figure 17

Click Yes to install the Network Interfaces.
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-_| Oracle VM VirtualBox 3.2.8 Setup

Ready to Install
The Setup Wizard is ready to begin the Custom installation,

Figure 18

Click Install to install the program.
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& Oracle VM VirtualBox 3.2.8 Setup =10 x|

Oracle VM VirtualBox 3.2.8

Please wait while the Setup Wizard installs Orade YM VirtualBox 3. 2.8, This may
take several minutes,

Status:  Copying new files

Version 3.2.8 = Barh [ e

Figure 19

Please wait.

If any windows ask for your permission to continue, please allow them to install.
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If you get a window like these, select to Install this driver software anyway.

-

P

[=7] Windows Security 3]
Would you like to install this device software?

-~ Mame: Sun Microsystems, Inc. Metwork adapters
&' Publisher: Sun Microsystemns, Inc.

[ Always trust software from "Sun Microsystems, | Install |[ Dion't Install
Inc.".

'lj' You should only install driver software from publishers you trust. How can [ decide which
device software is safe to install?

Figure 20

P

[=7] Windows Security [E3m]
Would you like to install this device software?

Mame: Sun Microsysterns, Inc. Universal Serial ...
> Publisher: Sun Microsystems, Inc,

& Always trust software from "Sun Microsystems, | Install | [ Don't Install
Inc.".

';l:lj' You should only install driver software from publishers you trust. How can I decide which
device software is safe to install?

Figure 21
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In Windows XP, please select to Continue Anyway when questioned.

Software Installation

' E The software you are installing has not pazzed Windows Logo
- testing to verify ite compatibility with *Windows =P, [Tel me why
this testing iz important. |

Continuing your installation of thiz software may impair
or destabilize the correct operation of your system
either immediately or in the future. Microzoft strongly
recommends that you stop thiz installation now and
contact the software yendor for software that has
pazzed Windows Logo testing.

Continue A ay ] EéTDPInstallatiDn |

Figure 22
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X

i'-.EI‘ Oracle VM VirtualBox 3.2.8 Setup

' ' Oracle VM VirtualBox 3.2.8

installation is complete.

Click the Finish button to exit the Setup Wizard,

¥ start Orade VM VirtualBox 3.2.8 after installation

Zancel |

= Barh

Version 3.2.8

Figure 23

Leave ‘Start Oracle xXVM VirtualBox after installation’ checked and press Finish
to exit.

VirtualBox has been installed!

Proceed to Step ¢ ‘Installing the Ubuntu Client” on page 32.
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Step b: Installing VirtualBox (on a Mac)

If you are installing VirtualBox on a PC please go to page 16.

You will see the following screen. Follow the steps of the installation wizard as

shown below:
"®@O6 || VirtualBox =X
> 4 items, 3.8 MB available

1 Double click on this icon:

P

VirtualBox.mpkg

PDF

UserManual.pdf

Run the VirtualBox application
from the Applications Folder:

e

Applications

H

COMMAND

VirtualBox_Uninstall.tool
4

Figure 24

Double click the box icon from step 1.

This package contains a program that
determines if the software can be
installed. Are you sure you want to
continue?

If you're not sure about the source of this package,
click Cancel to prevent it from running the program
and installing the software.

Figure 25

Press Continue
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L 9.0 s Install Oracle WM VirtualBox

Welcome to the Oracle VM VirtualBox Installer

© Introduction_ Oracle VM VirtualBox for Mac OS X

N i }55" | Welcome to Oracle WM VirtualBox 3.2.8 for Mac OS5 X! This installer will
guide you through the installation process. In a minute from now, you will
# Destination Selgct@ be able to execute virtual machines running diflerant operating systems
on your desktop. You will find that ViriualBox delivers a greal fealure set
@ [nstaliation Type | and excellent performance.

® Instalfation

® Sum rir_j_lcjt_ryr-""kf

Go Back ) ( Continue )
4

Figure 26

Press Continue
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& Install Oracle WM VirtualBox

Software License Agreement

[ English 44

& Introduction

VirtualBox Personal Usc and Evaluation License (PUEL)
& License

License version 8, April 19, 2010

® Destination Sfl&:t@
; ORACLE CORPORATION (“ORACLE™ 1S WILLING TO LICENSE THE PRODUCT A
® Installation Type {AS DEFINED IN § | BELOW) TO YOU ONLY UPON THE CONIDITION THAT YOU
| ACCEPT ALL OF THE TERMS CONTAINED IN THIS VIRTUALBOX PERSONAL
| lati USE AND EVALUATION LICENSE AGREEMENT ("AGREEMENT”), PLEASE READ
@ Instaliation & THE AGREEMENT CAREFULLY, BY DOWNLOADING QR INSTALLING THIS
> o PRODUCT, YOU ACCEPT THE FULL TERMS OF THIS AGREEMENT.
®SummanyT | 0 T
1 | IF YOU ARE AGREEING TO THIS LICENSE ON BEHALF OF AN ENTITY OTHER
THAN AN INDIVIDUAL PERSON, YOU REPRESENT THAT YOU ARE BINDING AND
¥ HAVE THE RIGHT TO BIND THE ENTITY TO THE TERMS AND CONDITIONS OF
' THIS AGREEMENT.

£ 1 Sabject of Agreement. “Product™, as refered to in this Agmeement, shall be the binary

softwan packape “Oracle Vi Virual Boe,"' which Product allows for ereating multiple vimsl
compaters, cach with difforent oporating systems (“Cuest Computers™), on a physical

computer with a spocific operating system (*Hest Computer™), to allow for instal ling and
expruting these Guest Computers simultansously, The Product consists of suooutable files in
machine oode for the Solars, Windows, Linw:, and Mac (5 X oporating systems as well as

otiver data files 2o required by the executable files at run-time and Eocumentarion in elecmonie

form. The Prsduct includes all documentation and wpdates provided o Yioa by Oracle under :
this Agneement and the terms of this Agreement will apply to all such documentation and

upedates unless a different lisensc is provided with an update or documentation.

( Print... ) ( Sawve... ) ( Go Back ) (Cnntinue)

A

Figure 27

Press Continue

To continue installing the software you must agree to the terms
of the software license agreement.

Click Agree to continue or click Disagree to cancel the installation
and quit the Installer.

[ Read License _:) [:_ Disagree _:l( Agree :l

Figure 28

Press Agree
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200 w Install Oracle WM VirtualBox

Standard Install on “Macintosh HD"

a lmroclucl;in-n__ ;
& License ﬁf

g Click Install to perform a standard installation of
© Destination kll’-@ this software on the disk "Macintosh HD".

@ Installation Type

® Instaliation

.Sunrﬂ,gwf‘/'%

( Customize otk ) (il )

A

Figure 29

Press Install
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Type your password to allow Installer to make
changes.

Name:
Password:
b Details
@ (-{:HHCEI j Em ......... -4
Figure 30

Enter your administrator’s name and password. And then press OK.

Y () @ Install Oracle WM VirtualBox

The installation was completed successfully.

To stant VirtualBox, go to your Applications folder and double click on the

2 Introduction VirtualBox icon.

& License ’Ef
© Destination :Se!gc@
& Installation Type

© Installation

& Summary

-

|
I "f

L

( GoBack ) ( Close :l

]
Figure 31
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Press Close to exit the install.

Return to the installation menu, Figure 12 and select option #2. This will copy the
Ubuntu client to your computer. Note: It may take 10 minutes or more for the
copy to finish. Please have patience.

When the copy concludes, return to the Applications window, as shown below,
and double-click on the VirtualBox icon.

ey Applications

[« W= ol &) Q )
ﬁ Metwork | Q
A Mazintash HD | Q @
P QuickTime Player Safari Sherlock
o~ Ubuniy = |
o | 1 & 7/
‘T student ! Stickies System Preferences TewtEdit
o= = Applications — =
3
Boee | (B & =iy
b
ﬁ (e | Utiliies Micrasoit AutoUpdate Sophos Anti-Vins
é Music | :é‘ﬂ
e = s
|__|J PCEUrES | Y
| VirtualBex -
o T
Figure 32

Go to the Applications menu to launch VirtualBox and continue with the next
section (Step ¢ “Installing the Ubuntu Client’.)
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Step c: Installing the Ubuntu Client

You are now ready to start the VirtualBox Console and install the Ubuntu Linux
client on your virtual machine. Although we have used Windows Vista
screenshots to illustrate the installation, the steps are the same on Windows
XP/Windows 7 and Mac OS X.

On a Windows PC, start VirtualBox by clicking on its icon.

@ Default Programs
i Desktop Gadget Gallery
& Internet Explorer
& windows DVD Maker
i23 Windows Fax and Scan User
€ Windows Media Center
@ Windows Media Player
E_T Windows Update
ol KPS Viewer

, Accessories

Documents ||

ox binaries :

Pictures

Music

| Games
Il released L

. Maintenance
ms and con

. Oracle VM VirtualBox
=] License (English) Control Panel ows hosts IZ

Computer

| U.ser manual (English) . : osts = Int
3§ VirtualBox Devices and Printers
| Sophos hosts
| Startup Default Programs
. Sun VirtualBox Guest Additions s and Oper
| Video Card Stability Test Help and Support Developer

1

| Search programs and files o | m hanged.

Back

Figure 33

On a Mac OS X double-click on the VirtualBox icon in the Applications window
(Figure 32.)

Follow the steps on the next page.
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(% VirtualBox Registration Dialog [~ 7 |[==3a]
Welcome to the VirtualBox Registration Form!

Flease fill out this registration form to let us know that you use VirtualBox and,
optionally, to keep you informed about VitualBox news and updates.

Enter your full name using Latin characters and your e-mail address to the fields
below. Pleasze note that Sun Microsystems will use this information only to gather
product usage statistics and to send you VirtualBox newsletters. In particular, Sun
Microsystems will never pass your data to third parties. Detailed information about
how we use your personal data can be found in the Privacy Policy section of the
VirtualBoee Manual or on the Privacy Policy page of the VirualBox web-site.

4 Mame
E-mail
[] Please do not use this information to contact me
CrariFir
Figure 34

You may register VirtualBox if you so desire. If you prefer not to, you may click
the red X to close the VirtualBox registration dialog window.

You need to add a Virtual Machine to VirtualBox. When a Virtual Machine is
transferred from one computer to another, it is referred to as an Appliance. The
Appliance you will be installing has a disk with existing data on it. The
installation DVD contains a virtual disk containing the Ubuntu Operating System
with support for Code::Blocks and nxtOSEK.
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We now wish to setup VirtualBox to use the Appliance contained on the DVD.

Select File/Import Appliance from the VirtualBox console, as shown below.

¥ oracle VM VirtualBox B =]
File Machine Help
Virtual Media Manager. .. Ctrl+D {g} Details | &) snapshots | @ Description |
[(§] Import Applian Ctrl+I -
) General 1
@ Export Appliance... Ctrl4E @ Narme: Unbuntu
05 Type: Ubuntu
7 preferences... Ccirl+G =
System
&/ Exit Ctrl+Q Base Memory: 512 MB
| o) unbuntu Processor(s): 1
h‘ﬁ @ Powered OFf Boot Order: Floppy, CD/OVD-ROM, Hard Disk
VT-x/AMD-V: Enabled
™= windows 7 Nested Paging: Enabled
N Saved
L Display
— Video Memary: 12 MB
| Q)::l )@.UEUII'III:UC' off 3D Acceleration: Disabled
[ ouers 2D Video Acceleration: Disabled
Remote Display Server: Disabled
(2 Storage
IDE Controller
IDE Primary Master: Ubuntu.vdi (Mormal, 16.00 GB)
IDE Secondary Master (CD/DVD): Empty
Floppy Controller
Floppy Device 0: Empty
Ip Audio =
Host Driver: Windows DirectSound
Controller: ICH AC97
Nebtwork
Adapter 1: PCnet-FAST III (MAT)
P . -
Import an appliance into VirtualBox 4

Figure 35

Page 34




Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, nxtOSEK and the nxtSIM

Select the Choose button (middle on the left) as shown below.

Welcome to the Appliance Import Wizard!

This wizard will guide you through importing an appliance.

|Use the Next button to go to the next page of the wizard and the Back button to return to the previous page.
‘fou can also press Cancel if you want to cancel the execution of this wizard.

VirtualBox currently supports imperting appliances saved in the Open Virtualization Format (OVF). To continue,
select the file to import below:

?" Appliance Import Wizard illl

< Back Mext = Cancel

Figure 36
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Double-click on Ubuntu.ovf file in the Appliance directory (as shown in Figure
37)

Lok in: Ibﬁppliance j = £ BB~

Ubuntu.ovf

File name: Il._lburrtu.n'u'f j Open
I

[=e |

Files of type: IDpen Vinualization Format (*.ovf)

Figure 37
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The default is to have 512 MB for the amount of RAM for the virtual machine. If
you have only 512 of real RAM in your system (which incidentally is quite low),
select 256 MB to be used for the virtual machine. See the screenshot below. To
change the amount of RAM, double click the Configuration Value and change the

number.

2l

?‘ Appliance Import Wizard

Appliance Import Settings

These are the virtual machines contained in the appliance and the suggested settings of the imported VirtualBox
machines. You can change many of the properties shown by double-dicking on the items and disable others using

the check boxes below.

PP Sound Card

- EF Network Adapter

<> Hard Disk Controller (IDE)
= <> Hard Disk Controller (IDE)
Virtual Disk Image

|

Description Configuration
Virtual System 1
&3 Name Unbuntu
- Guest 0S Type “4 Ubuntu
~{F cru 1
- [E Floppy
@ DvD
;;9 USE Controller

ICH ACS7
PCnetPCI IT (Am7ICIT0A)
PIIX4

PIIx4
C:\Documents and Settings\jdoe, VirtualBox\HardDisks \buntu, vmdk

| o

Cancel |

< Back | Einish I

Restore Defaults

Figure 38

Select Finish, to begin the install. It will take several minutes and the Appliance

is setup.
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Congratulations! You have now completed the installation of VirtualBox and the

Ubuntu client.

7 oracle VM VirtualBox [ 4
File Machine Help
{::‘:3 {%} Al {3} Details | [E) snapshots | @ Description I
EE) A 4 =
Mew Settings Start Discard [} General
MName: Unbuntu
. 05 Type: Ubuntu
™5 Eilat e
i @Powered off System
Base Memory: 512 MB
Unbuntu Processor(s): i
@p d Off Boot Order: Floppy, CO/DVD-ROM, Hard Disk
VT-x/AMD-V: Enabled
™7~ windows 7 MNested Paging: Enabled
R Saved
L E Display
— Video Memory: 12 MB
‘ Q’,_:‘ )@.UEUII'IIICUC' off 3D Acceleration: Disabled
[ onere 2D Video Acceleration: Dizabled
Remote Display Server: Disabled
(&) Storage
IDE Contraller
IDE Primary Master: Ubuntu, vmdk (Mormal, 16,00 GE)
IDE Secondary Master (CD/DVD): Empty
Floppy Controller
Floppy Device 0: Empty
ffo Audio -
Host Driver: Windows DirectSound
Controller: ICH AC97
Network
Adapter 1: PCnet-FAST III (MAT)
N T, -
VY

Figure 39

You have successfully built a system for Ubuntu!

e Select “Start” (the green arrow) to begin using the system.

e To login to the system, the username and password are both: student. (The root

password is also student.)

e Asyou run a virtual machine, you may get various message windows from

VirtualBox. If you wish you may check the box to disable
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6.3. How to Uninstall the Software

To uninstall from Windows go to the Control Panel and then choose Add/Remove
Programs. From the choices that appear select remove VirtualBox.

To uninstall from Macs, run the installer again and then double click on the Uninstall
icon.

In both cases, find the location of the .VMDK file and then delete it.
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Section 7: First Use

Once you have completed the installation, you are ready to begin programming for the
Lego Robot. In the following examples we will use screen shots from a Windows XP
host, however, the first screen shots for those using a Mac OS X host will be comparable.
Once you begin using the Ubuntu Linux guest, the screen shots will be identical on all
systems.

Special note for Max OS X users of VirtualBox

As you are no doubt aware you on a single button Mac you ‘right-click’ by holding down
the Apple key and simultaneously pressing the mouse button. However, while in
VirtualBox, the Apple key is considered to be a special key. In order not to be annoyed by
the following screen:

S You have clicked the mouse inside the Virtual Machine display or
h g pressed the host key. This will cause the Virtual Machine to capture
\ .-:f the host mouse pointer {(only if the mouse pointer integration is not
- currently supported by the guest 05) and the keyboard, which will
make them unavailable to other applications running on your host

machine.

¥You can press the host key at any time to uncapture the keyboard
and mouse (if it is captured) and return them to normal operation.
The currently assigned host key is shown on the status bar at the
bottom of the Virtual Machine window, next to the (®] icon. This
icon, together with the mouse icon placed nearby, indicate the
current keyboard and mouse capture state.

The host key is currently defined as Left 3.

|| Do not show this message again

( Cancel ) € Capture )

Check the “Do not show this message again” option.

1. Start the VirtualBox software (click on the VirtualBox icon u on your desktop
or on the menu). The resulting window is shown below (Figure 40).
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¥ Sun xVM YirtualBox

File Machine Help
{i} % ® £} Detais | & snapshats (13 | €2 Deseription
Mew Settings  Delete Skart  Discard @ General 2
Marme Jbunku
1 Ubuntu (Snapshat 1) 05 Type Ubunku
ESaved Base Memory 512 MB
Video Memary g MB
— Book Crder Floppy, COYDYD-ROM, Hard
M Vista (Snapshot 1} Disk.
[ 5aved ACP Enabled
10 APIC Disabled
Y-/ AMD-Y Disabled
PAE MY Disabled D
@ Hard Disks
ICE Primary Masker Ubunku, wdi
[Differencing, 16.00 GE]
() CD/DY¥D-ROM
Mok mounted
Floppy
Mok mounted b

Figure 40 - Sun VirtualBox console

Your screen may appear somewhat differently, depending on the configuration of
your hardware and the number of guest operating systems installed.
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2. Start the Ubuntu Linux guest by clicking on the appropriately named icon in the
console. After some time you will be asked to enter the username and your
password. These have both been set to “student’ (all lowercase). After some
additional time and appropriate sound effects you will be confronted with the
Ubuntu Linux desktop, shown below (Figure 41).

% Ubuntu (Snapshot 1) [Running] - Sun xVM VirtualBox

(3 Applications Places System Q 9 Monjan 5, 1031AM student [8) &

2 " & I
FOONFI/E D rgean

Figure 41 - Ubuntu Linux Desktop

You may at this point open the window full screen since from this point on we
will be working only within Ubuntu. (Of course you may adjust the window to
whatever size is convenient in order for you to work in the host and the guest
simultaneously. Isn’t virtualization wonderful?!)

3. Start the Code::Blocks IDE. (Using the mouse click on
Applications/Programming/CodeBlocks IDE)

4. If you wish to use the simulator, you must first have a source code program in

Code::Blocks, which can then be run under the simulator by clicking on
Tools/Run in Simulator (See Fig. 48).
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& Unbuntu [Running] - Oracle VM VirtualBox =18l x|

Machine Devices Help

-(:" Applications  Places System e ﬁ @ e wed Sep 15, 4:17 PM @) student =
@ = main.cpp [test] - Code::Blocks 10.05 E"E"Il
File Edit V| Fle Edit View Search Project Build Debug wxSmith Tools Plugins Settings ‘algrind Help

@ -|BeH@ Y

default .
(0 com 3 com  Co  w—
- |[ main() :int =
Hello world!
in.cpp &
[ int main() [«]
7 B

10 lcd.disp():

a‘ 1 onjof ’ . while(1):
4 12

return 0;
i‘ & others

[| Code::Blocks [x ) Search results (4 Thread search /i Cecee | €y Debugger  f valgrin

| 8 led.clear();
7 BE led.put("s", "Hello World!"):

I

[l > |8 )]

T COOT A T RO T STTGTatOT — ACET T =T A T AU T ST TTE 0T €[OSy T L0 COTISUTe T aiiTeT jusioCayonycrear
rm: Jusr/localfbin/make-ret-sim: fa.out: (in /home/student/Documents/CodeBlocks/test]
xecution terminated with status 0
T hing tool '"NXT Run in Simulator': xterm -T 'MXT Run in Simulator' - /usr/bin/cb_console_runner fusrflocal/bin/clear-
[0 ] [0 ] [0 ] [0 ] rm: fusrflocalfbin/make-nxt-sim: fa.out; (in fhome/student/Documents/CodeBlocksitest]
xecution terminated with status 0 =

l_ |1 y hing teel '"NXT Run in Simulator': xterm -T 'MXT Run in Simulater' -e fusr/bin/cb_consele_runner fusrflocal/bin/clear-
m; Jusrflocalfbin/make-nxt-sim; fa.out; (in /home/student/Documents/CodeBlocks/test) =

onE ksftest;‘mam|uTF-8 |Line 3, Column 1 |\nser‘f | |Read,f\:\mte |defau\t

TR [ e A S e .
@ [ 8 main.cpp [test.., ][ & Gimp ][ student@ubun... ][ @ Gmail - Inbox (... ][ [1 [NXT Run in Si... l[ [ NXT Simulator ] a
Q0O H 2 & 0 G Brighteyl

Figure 42 - Ubuntu Desktop with the Code::Blocks and nxtSIM applications

Press the ON/OFF button on the simulator. You should see the output from the
program on the LCD screen.
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Section 8: The Ubuntu Linux Desktop

Learning to use Linux is an essential component of the education of the
programmer. A detailed introduction to Linux is beyond the scope of this manual.
Students wishing to learn more about Linux should consult one of the many excellent
textbooks and website that are devoted to Linux in general and its Ubuntu variant in
particular. In the Appendix we have presented several sources to get you started.

Having said the above, a detailed knowledge of Linux is not necessary for you to
program the Lego Robot. In this section we take a brief look at the Ubuntu Linux
desktop. In many ways it is similar to the desktop used in Windows XP/Vista or Apple
Mac OS X. You select items using a left-mouse click and you use right-mouse click to
open a context sensitive menu from which further selections may be made.

% Ubuntu (Snapshot 1) [Running] - Sun xVM VirtualBox

(3 Applications Places System Q 9 Monjan 5, 1031AM student [8) &

= o @ I
FOONFI/E D rgean

Figure 43 - The Ubuntu Desktop

The desktop is made up of several panels. At the top of the desktop you will see:
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-jj_ Applications  Places System @@0 _o student il & Monjan 5, 5:52 PM E

Figure 44 - Ubuntu Desktop Top Panel

From left to right we find:

Applications menu — providing access to the programs installed on your computer
Places menu — providing access to various locations on your computer including
files, standard folders, the network as well as system drives.

Systems menu — providing options for configuration of your preferences, system
administration and help.

The middle section contains several program icons allowing access to commonly
used applications. You may add additional applications by right-clicking on the
panel.

The right side of the panel contains the current user, a volume control, a network
status icon, the date and time, and the power button.

When updates are available an additional icon appears. Click on that icon and a
wizard will guide you through the update process.

Items on the panel may be rearranged and additional items may be added.

At the bottom of the desktop you will see:

[=]

5

Figure 45 - Ubuntu Desktop Bottom Panel

The icon on the far left is used to hide and show all windows on the desktop.

Ubuntu allows the user to have virtual desktops (as if you would have multiple
monitors). The squares display, in miniature, the contents of each desktop. You
may move back and forth between virtual desktops by clicking the appropriate
square.

At the far right, appears the ubiquitous trash bin.

As applications are opened, a button will appear for that application on the center
portion of this panel.

The central portion of the screen contains your wallpaper (which may be changed) as
well as any open application windows.

Additional information about the desktop can be found here:
http://www.techotopia.com/index.php/Ubuntu Desktop Essentials .

For our purposes all interaction with the Ubuntu Linux system will take place using the
graphical user interface described above. Advanced Linux users will want to take
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advantage of the Linux terminal, shown below. The terminal may be started by selecting
Applications/Accessories/Terminal from the menu on the top panel. Many powerful and
complex commands can be issued using the terminal. However, this lies well beyond the
scope of this manual. The interested student is urged to consult the resources in Appendix I.

,
a TREHE:
Pt e e

File Edit Wiew Terminal Tabs Help
student@ubuntu:~$%

Figure 46 - The Ubuntu Terminal Application
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Section 9: How to Shutdown the Ubuntu Client and the VirtualBox Console

1. The Ubuntu guest may be shutdown in one of two ways.

Method 1 - Press the Ubuntu Shutdown button, followed by either Shutdown
(completely shuts down the Ubuntu virtual machine) or Hibernate (saves the
current state of the machine before shutting down) on the screen which
subsequently appears, Figure 47.

Ubuntu (Snapshot 1) [Running] - Sun xVM VirtualBox

Machine Devices Help

== &

Lock Screen Switch User

9, ®

Hibernate Shut Down

B 2 @] G [Elrigte o

Figure 47 - Shutting down Ubuntu (Method 1)
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Method 2 — Press the VirtualBox Windows Close button, followed by OK in the
dialogue that follows, Figure 48. This will shut down the Ubuntu client, saving its
state. The next time you start the Ubuntu client, you will find the virtual machine

in the same state as it was when you last shut it down.

Close Virtual Machi...[2 X

|@,—' ol want ko
L &) Save the machine state

@ () Send the shutdown signal
g () Pawer off the machine

Reevert to the current snapshot

I QK H Cancel ][ Help

SO &P E| G ®rigtc

Figure 48 - Shutting down Ubuntu (Method 2)

2. Finally close the VirtualBox console.
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Section 10: First nxtOSEK Program

In this section, we will go through the steps involved in writing a complete C++ program
using nxtOSEK for the Lego NXT Robot. We will first test our program on the simulator
and then for those who have an actual Lego NXT Robot, we will transfer the program to
the Robot. Programming for the Robot is very similar to ordinary programming in C++.
You should already be familiar with the Code::Blocks IDE. (You may wish to refresh
your memory by reviewing the material in the Code::Blocks manual available here:

http://www.sci.brooklyn.cuny.edu/~goetz/codeblocks/codeblocks-instructions.pdf)

As is traditional, we will write a simple program, called HelloRobotWorld to illustrate the
basic features of brick programming.

1. Create a new project called HelloRobotWorld. Either choose the icon

B Create a new project

from the Code::Blocks IDE opening screen or select File/New/Project from the
menu.

2. From the resulting screen (Figure 49) select nxtOSEK

Page 49



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, nxtOSEK and the nxtSIM

Ha NEWwSTTomiteEmplate @

Projects Category: [ <All categories= - l Go
Build targets

Files G'—'-”L GLUT project L@ Shared library

Custom GTK+ project
User templates

Jin gAg Irrlicht project

SULICHT

on 7 Lightfeather project

5 Ogre project

G CpenGL project

Q QT4 project
|

SDL, SOL project

View as
() Large icons

TIP: Try right-clicking an item

1. Select a wizard type first on the left
2. Select a specific wizard from the main window (filter by categories if needed)
3. Press Go

Figure 49 - Code::Blocks Project Template menu

3. After the usual sequence of Code::Blocks menus, type in the following program
as the main.cpp:

/* Name: HelloRobotWorld
Description: A simple program that illustrates
the features of NxtOSEK.
The program will:
1. Display "Hello World"™ on the LCS
2. Roll forward and then back
3. Wait until the either Sensor 1 or
Sensor 2 is ""touched"
*/

// Include files containing the NxtOSEK library functions

// Remember to modify the roboTask.h file as described
below.

#include "robot.h"

#include "roboTask.h"

Lcd Icd;
Clock c;
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bool running = false;

TouchSensor touch2(PORT_4);
TouchSensor touchl(PORT_1);
Motor motorB(PORT_B);
Motor motorC(PORT_C);

// function prototypes
void hello(Q);
void world(Q);
void roll();

int main(Q)

{
Icd.clear(); // Clears the display
hello(); // Display ""Hello”
c.wait(5000); // Pause for 5 seconds
world(Q); // Display "World!"
c.wait(5000); // Pause for 5 seconds
roll(); // Roll forward and backwards
while(1); // Run the main()forever
return O;

ks

// function world displays "Hello"™ on the LCD
void hello()
{

lcd.putf('s', "Hello ");

Icd.dispQ);

}

// Tunction world displays "World!" on the LCD
void world()
{

lcd.putf('s™, "World!");

lcd.disp(Q);
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// Tunction roll instructs the robot to roll forward

// and then backward.

void roll()

{ _
running = true;
motorB.setPWM(50);
motorC.setPWM(50);
c.wait(5000);
motorB.setPWM(-50);
motorC.setPWM(-50);
c.wait(5000);

// stops the wheels
motorB.reset();
motorC.reset();

}

/* The task displays "HUH" until such time as either
sensor 1 or sensor 2 is activated.
Display "OUCH"™ whenever sensor 2 is activated.
Display "BYE"™ and end the program when sensor 1 is
activated.
*/
task1l()
{
it (running)
return;
if (touchl.isPressed()) {
Icd.clear();
lcd.putf('s™, "OUCH ");
Icd.dispQ);
c.wait(200);
} else it (touch2.isPressed()) {
Icd.clear();
lcd_putf('s™, "BYE ");
lcd.disp(Q);
c.wait(1000);
exit(0);
} else {
Icd.clear();
lcd.putf('s™, "Huh ");
Icd.dispQ);
c.wait(200);
>
TerminateTask();
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4. The roboTask.h file is created automatically by the wizard. It is designed to allow
up to ten tasks running simultaneously. For every task that your main() function
defines you must delete (or comment out) the corresponding task from the
header file as shown below.

/* This header file is a requirement of the OSEK
operating system, which generates a number of tasks.
The number is defined in an OSEK OIL configuration
file. Therefore, 1If more tasks are required, you must
rebuild the system.

When writing programs that utilize tasks, these must be
extracted from this header file and placed in your
main(). The tasks that are extracted must be deleted
from this file or it will generate a redefinition
error when the program is compiled.

*/

#iftndet ROBOTASK_H_ INCLUDED
#define ROBOTASK_H_ INCLUDED

// /* Taskl */
// taskl1()
// {
// TerminateTask();
// } // end taskl
/* Task2 */
task2()
{

TerminateTask();
by
/* Task3 */
task3()
{

TerminateTask();
ks
/* Task4 */
task4()
{

TerminateTask();
by
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/* Task5 */
task5(0)
{

}

/* Task6 */
task6 ()
{

}

/* Task7 */
task7(Q)
{

}

/* Task8 */
task8()
{

}

/* Task9 */
task9()
{

}

/* Taskl1l0 */
task10Q)

{
}

#endif // ROBOTASK_H_INCLUDED

TerminateTask();

TerminateTask();

TerminateTask();

TerminateTask();

TerminateTask();

TerminateTask();
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5. Use the Code::Blocks IDE to cross compile the program for the Lego Brick.
Select Build/Compile Current File. If your program contains no errors your screen
should look like Figure 50 at the end of the Build/Compile process.

e

H i INXEHIElloRob o tWorTd [ Code: BIocke S0 05 = ==
File Edit Wiew Search Project Build Debug wxSmith Tools Plugins Settings Valgrind Help

B N QA [-]a a

0> 300 swgwar 3 BB 02 D0 0D

Management %]

main.cpp [# roboTask.h
89 lcd.putf("s", "BYE ~ ");
90 led.disp();
9N c.wait(1000);

4 Projects | Resources b
< (O Workspace
< B NxtHelloRobotWo
¥ B Sources
main.cpp 92 exit(0);
“ B Headers 93 telse{
94 led.clear();
95 led.putf("s”, "Huh  ");
96 led.disp();
97 c.wait(200);
98 ol
99 TerminateTask();
100 }
101 .

¥ B Others

Logs & others
4 ] Cccc €y Debugger ) walgrind ) walgrind messages £y Build log ® ﬁ? Build messar

wrERE aTT
Compiling main.cpp to main.o

Generating binary image file: main_rom.bin

Generating binary image file: main_ram.bin

Generating binary image file: main.rxe

Process terminated with status 0 (0 minutes, O seconds)
@ errors, © warnings

| [v]
fhome/student/Documents/CodeBlocks/NxtHelloF |UTF-8 Line &, Column 76 Insert Read/Write default

[*]

Ml ~ |&

Figure 50 - Code::Blocks indicating a successful compilation

Be sure not to Build (or Build and Run) the program (as you might do during
ordinary C++ program development. The program we have written is designed to
run on the Brick, not on the computer. Building your code in the usual fashion
would result in object code and executable code designed for the computer that
Code::Blocks is running on and not the computer residing in the Brick. This is
certainly not what we want.

Assuming your source code compiled correctly for the Brick emulator, you will

find a file called main.rxe in your NxtHelloRobotWorld project directory. This is
the file that would be transferred to the NXT Brick to run on the real robot. This
transfer is shown later on.
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To transfer to the simulator, select Tools/Run in NXT Simulator.

mam-.c_pp'es' -C

Fle Edit \iew Search Project Build Debug wxSmith Tools Plugins Settings ‘algrind Help
‘FeE A m Q& NXT Transfer Brick
[ | l Q ; NXT Run in Simulator
: Fiy|
: J == | NXT Info
EBE T YD O = i
& | RCX Transfer Emulator
= S Build target:[ default = l RCX Transfer Brick
i ; _
g : RCX Load Firmware
,Mﬂr.‘ﬂgement main.cpp NXT Flash Firmware
4| Projects | Resources I TR i
g v s L 1 )mnclude robot_il Configure tools... —
orkspace ) . .
P 2 #include "roboTask.h'
- Bltest
¥ [ Sources 3
| main.cpp 4 Led led;
b B Headers 5
P> :
e 6 intmain()
e
8 lcd.clear();
9 led.putf("s", "Hello World!");
10 lcd.disp(); —
11 while(1):
12 return 0;
T ] _
=i
L L .
logs & others |Z|
4 /) Code::Blocks [# 0 Searchresults | i Thread search /| Cece | 3 Debu b
T T O e S U T D O U e TS CUU e U CRS e S L) —
Tool execution terminated with status 0 —
Opening /home/student/Documents/CodeBlocks/testftest.cbp
done
Launching tool 'RCX Transfer Brick': xterm -T 'RCX Transfer Brick' -e fusr/bin/cb_console_runner fusr/
local/bin/rextransfer /fhome/student/Documents/CodeBlocksftest/main.cpp (in fhome/studenty B
Documents/CodeBlocksftest)
Mool execution terminated with status 0 =
|NXT Run in Simulator |UTF-8 |Line 1, Column 1 |Insert | |ReadM"rite |default
. ’l

Figure 51Transfering the compiled program to the NXT simulator
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Unbuntu [Running] - Oracle VM VirtualBox

Machine Devices Help

-{j Applications Places System e P. m @ O Wed Sep 15, 4:37 PM ) o
= Master: 80%
= NXT Run in Simulator [= (2 ][x|bde::Blocks 10.05 =mol[x]

Settings  Valgrind Help

- XISl atoTs \;l@

b J o ][ |

I — T T——————

[v]

P B Others 10 led.d
1 whil
12 retu

|

Logs & others
4| /) Code::Blocks| Fcce | €y Debugger A walgrind ) walgrinc v

CaUTTCTITTY COOT 1A T T CUITSUIE_TUTITET [USI/TULa Ui LIEar-TIAcsIi, JusTiocan [

bin/make-rxt-sim: .fa.o0
Tool execution terminatg lo | o | o | |o |
Launching teol 'NXT Run n T - - _console_runner fusrflocal/bin/clear-nxt-sim; fusrflocal/
binfmake-nxt-sim; ./a.0

Tool execution terminate

Launching toal 'NXT Run _console_runner jusrflocal/bin/clear-nxt-sim: jusrflocal/

bin/make-nxt-sim; .fa.0

fhome/student/Documents/CodeBlocks/test/main.cpp UTF-8 Line 10, Column 16 Insert Readjwrite  |default
@ ["'d main.cpp [test... ][a GIMP ][ B student@ubun... ][@ Gmail - Inbox (... ][ 3 NXT Run in Sim... l[ [ NXT Simulator ] E

S 2 0 @ B)Righter

Figure 52 — Simulator loaded with program in memory.
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5. Run your Robot by pressing the Run button on the NXT Simulator. Your program
should display “Hello World”. (Figure 53).

NXT Simulator |:||:|

I‘m -
Hello Wworld!

-4
-

Figure 53 - BrickEMU running program

6. After a short period of time the motor values will be displayed under Port A and
Port C. Note that they will switch from 50 to -50 indicating that the robot will be
moving forward and then backwards.

7. Pressing the Q, W, E, R keys on your keyboard will enter a value into the sensor
ports 1, 2, 3, 4 respectively. Note that the either “Huh” “Ouch” or “Bye” will be
displayed in the LCD. (You may also enter values directly into the sensor port by
selecting the little window above the port numbers and using your left and/or right
arrow keys to raise or lower the value “sensed” by the port.)

8. Congratulations! You have just run your first nxtOSEK program on a robot
simulator.

9. The next step is to learn how to down load your program into the real robot and
watch it do its thing.
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Section 11: Using the Lego NXT Brick

Before using the Lego NXT Brick for the first time it will have to be installed onto both
the host and client machines. Follow the follow steps:

11.1 Installing the NXT Driver
Do not plug in the brick until after the drivers have been installed.
i. Go to the “MINDSTORMS NXT Driver v1.02” on the DVD.
ii. Click on the “Setup” file

44 LEGO MINDSTORMS NXT Driver Software B ]
Eeatures @ mNdsTaOrms
Select the features to install '
""""" = ~| LEGO MIMDSTORMS NxT Diiver LEGO MIMDSTORMS Me=T Driver werzion 1.0.2.

B

Thiz feature will be installed on the local hard drive.

Thiz feature and its selected subcomponents wil
require 763 KB of disk space.

Directony for LEGO MINDSTORMS MxT Driver

Browse,.. |
LCancel |

Reztore Defaults | Digk Cost << Back

Figure 54 Installing the MindStorms NXT Driver

iii. Press Next
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44 LEGO MINDSTORMS NXT Driver Software B ]
EmndsTorms

License Agreement

'ou must accept the license(z] displayed below to proceed. v

LEGO® MINDSTORMS® NXT i’
LICENSE AGREEMENT AND WARRANTY DISCLAIMER

This is a License for the LEGO® MINDSTORMS® NXT product and software
developers kits (hereinafter the "Software”) from the LEGO Group of
Companies, including LEGO Systems A/S, which legal entity is the one
contracting with you (hereinafter "LEGQ") in this agreement.

IMPORTANT —- READ CAREFULLY: This is a legal agreement between you
(either an individual or entity), and LEGO. It imposes certain restrictions on

your use of the Software. LEGO retains ownership of the Software and no

rights are granted to you other than a license to use the Software and
accompanying documentation (hereinafter referred to as the "Documentation

“) on the terms expressly set forth in this Aareement. By clicking on the " =

¥ || accept the License Agreement]s)

| do not aceept the License Agreement|z].

<< Back I Meut = I LCancel |

Figure 55

iv. Accept the agreement. Then press Next.
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44 LEGO MINDSTORMS NXT Driver Software B ]
EmndsTorms

Start Inztallation

Review the following summarny before continuing. v

Adding or Changing
« EGO MINDSTORMS MAT Driver

Click the Mest button to begin installation. Click the Back button to change the installation settings.

LCancel |

Save File.. << Back

Figure 56

V. Press Next.
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i
Inztallation Complete @ mindsTOoOrms

L

Installation completed successfully!

<< Back [HEwt =
Figure 57
vi. When done, press Finish.
x|

@ Yol gk restart your computer to complete thiz operation.

If pou need ta inztall hardware now, shut down the
computer. |f you choose o restart later, restart your

computer before minning any LEGD MIMDSTORMS MxT
zoftware,

Shut Do Restart Later

Figure 58

vii. Select to Restart the computer.
viii. After the computer restarts, plug in the brick.
iX. Windows will report that the NXT is connected.
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X. Start the VirtualBox console. Be sure that the Ubuntu Virtual
Machine is powered off, and scroll the Details window until the

USB section is visible, as in the screenshot below:

% Oracle VM VirtualBox _|o] x|
File Machine Help
{3 A A {S} Details | [@) Snapshots | @ Description |
Eé) - =
Mew  Settings Start Discard @ General
Name: Unburitu
. j 05 Type: Ubunitu
:J"" Eilat
@Powered Off System
Base Memoary: 512 MB
o Unbuntu Processor(s): i
i @ Powered OFf Boot Order: Floppy, CD/DVD-ROM, Hard Disk
VT-x/AMD-V: Enabled
™= windows 7 Mested Paging: Enabled
» Saved
L = Display
— Video Memaory: 12 MB
‘ @;::I @qutud off 3D Acceleration: Disabled
[ owers 20 Video Acceleration: Disabled
Remote Display Server: Dizabled
(2 Storage
IDE Controller
IDE Primary Master: Ubuntu.vdi (Mormal, 15.00 GB)
IDE Secondary Master (CD/DVD): Empty
Floppy Controller
Floppy Device 0: Empty
o Audio -
Host Driver: Windows DirectSound
Controller: ICH AC97
P Network
Adapter 1 PCnet-FAST III (NAT)
b -
v

Figure 59
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xi. Double-click on the USB section (Windows - Figure 60) or the
Ports section (Mac OS X - Figure 61) and select the 2nd icon on
the right to add USB Device Filters to the Virtual machine

,@, General USB
System
Display ¥ Enable USE Controller
(2 Storage ¥ Enable USE 2.0 (EHCT) Controller
o audio USB Device Filters
B Network ﬁ
@ Serial Ports ﬁ
£ USB A
[ Shared Folders el
V73
B
Select 3 setfings category from the st on the left-hand side and move the mouse over 3 settings
ifem to get more nfonmabor.

oK Cancel Help

Figure 60 — VirtualBox (Windows) USB Setup
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.
AOA Ubuntu - Ports

E 8 ¢ @ @ @

—

General Storage Audio Network Ports Shared Folders Remote Display

(% USB | {3 Serial Ports |

"] Enable USB Controller
_ | Enable USB 2.0 (EHCI) Controller

u evice Filters

® /% Non-optimal settings detected CCarlceI -_) (: oK )

Figure 61 — VirtualBox (Mac OS X) USB Setup

xii. Be sure to enable the USB Controller by checking both boxes.
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xiii. Choose the Unknown Device from the list that appears. You may
also wish to add your USB printer (if any) so that it becomes
available to the Ubuntu Virtual Machine.

Note: Items selected will become unavailable to the host as long as
the client is active. If you print anything from the host, it will be
held in the printer queue until you shut down the virtual machine.
E General USB
System
Display | Enable USE Controller
@ Storage ¥ Enable USB 2.0 (EHCI) Contraller
o Audio USE Device Filters
@ Metwork ﬁ
@ Serial Ports s

s :

£ L UsB

Ll Shared Folders

Hewlett-Packard HP Scanjet
HP Deskjet 6980 series [020
Logitech USBE Optical Mouse

Unknown device 0694:0002

Dell USE Keyboard [0306

Viendor I
Product I
Rewvision:
Serial Mo
State: Bu
Select 3 setfings category from the st on the left-hand side and move the mouse over 3 settings
ifem to get more nfonmabor.

oK Cancel Help

Figure 62

XiV.

Choose OK to return to the VirtualBox console.
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xv. Start the Ubuntu Virtual Machine, and right-click on the USB icon
as shown below. In the resultant list of devices place a check mark
by clicking to the left of the entry for the Unknown Device.

& Ubuntu (Snapshot 1) [Running] - Sun xVM VirtualBox

Machine Devices Help

-(3 Applications Places System e@o @ student @l & Thujan 2, 11:33 AM

N G
20 lfv@ﬁ | & () rught o

Figure 63
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You may be asked to install VirtualBox USB drivers:

Found Mew Hardware Wizard

Welcome to the Found New

":?\ Hardware Wizard

Windows will search for cument and updated software by
looking on your computer, on the hardware installation CD, or an
the Windows Update Web site (with your pemmission).

Read our privacy policy

Can Windows connect to Windows Update to seanch for
software?

™ Yes, now and every time | connect a device
™ Mo, not this time

Click Mext to continue.

% Back et = Cancel

Select Yes.
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Found Mew Hardware Wizard

5

This wizard helps you install software for:
VirtualBox LISE

\-\,I i vour hardware came with an installation CD
i or floppy disk. insert it now.

What do you want the wizard to do?

¥ nstall the software automatically (Recommended)
™ Install from a list or specific location (Advanced)

Click Mext to continue.

= Back et = Cancel

Select Install the software automatically (Recommended).

Please wait while the wizard searches._ ..

% YirtualBox LISE

[ewt = Cancel
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The VirtualBox USB software will install.

Hardware Installation

' E The software you are installing for this hardware:
L
VirtualBox LISE

has not passed Windows Logo testing to verfy its compatibility
with Windows XP. (Tell me why this testing is impartant )

Continuing your installation of this software may impair
or destabilize the comect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

STOF Installation

Select to Continue Anyway.

NOTE: When using the NXT Brick, you may get an error such as the
following:

2

Failed to attach the USE device Unknown device to the
virtual machine Unbuntu.

LISE device "<unknown=" with UUID
{133280 % ledd-2ed4-95f2-3366bedhAP95} s busy with
a previous request, Please try again later,

[+ Details

QK

Unplug the USB cable on the computer and plug the cable into a different
slot. On the list of USB devices in Figure 59 you will see duplicate listings
for Unknown Device (select the top one, if that doesn’t work, try the
bottom one). If neither works, shut down the virtual machine and start it
up again. If there is still a problem restart your computer and try again.
You may wish to try steps v through viii for this new “unknown device”.

Page 70



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, nxtOSEK and the nxtSIM

xvi. If you get an error message as shown above, shut down the virtual
machine and reboot the host computer. Repeat the previous step
(xiii). This time the brick will be captured by the virtual machine.

xvii. You now may proceed to load the firmware into the Lego NXT
Brick. (See next section).

11.2 How to install the firmware

To update the firmware, press the reset button (at the back of the NXT, upper left
corner in a hole beneath the USB connector) for more than 5 seconds while the
Lego NXT is turned on. Use a bent paper clip to access the button (Error!
Reference source not found.).

Figure 64 Entering firmware update mode

The NXT will make a low tick sound when it is in firmware update mode. In the
USB Taskbar, Windows will show “NXT Running in Update mode” as the title
of the USB Device instead of the Robot name. In Virtual Box, this will have a
different ID next to “Unknown Hardware” in the list of USB devices. Select the
top one on the list to enable USB Update mode within Virtual Box. Start the
Code::Blocks application and choose Tools/NXT Flash Firmware from the
Code::Blocks menu and a window will come up for flashing the firmware
(Figure 65).
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- NAITEIas W are: = =0

[:E:I_Jljlj] FIE.IE:E:I_l_II:Ir"Ij for student: I

Figure 65 - Loading the John Hansen Enhanced Firmware on to the RCX Brick

Enter the password (‘student’) and wait for the process to complete.

- NAIEI aShERnmw ar e = | ==

:d and opened,

e NoW,

Figure 66
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It will take about 3 minutes until the firmware flash procedure is complete.

- NAIEI EShERnmw ar e = =

Figure 67
Press Enter when it is finished.

It is recommended that you shutdown the Ubuntu System and close VirtualBox
before proceeding to use the NXT.
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11.3 How to transfer the compiled program to the LEGO Brick

Attach the USB cable. Turn the brick on. Start the Code::Blocks application and
choose Tools/NXT Transfer Brick from the Code::Blocks menu. A message
window opens up, showing the progress of the transfer. When the transfer
completes, press ‘Enter’.

11.4 Running your program

T

nxT

e The orange square is the select button on the NXT. The arrows on either
side of it are used for making choices.

e Turn the NXT Brick on, and press orange button to select “My Files”.
Then select “Software Files”.

Select the program to run; such as “main”.

Select “Run’” from the menu.

The brick’s battery status is shown on the program screen.

To run the program, press the right arrow button. If you selected the
wrong program, pressing the bottom button will shut off the brick.

To end the program, press the bottom button. Remember that once the NXT is
shut off (or unplugged from the USB cable), you will need to recapture it in
VirtualBox.
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Section 12: Advanced Topics
12.1 Setting up the printer
There are six steps for setting up a printer as follows:

i. First make sure that your USB printer is installed correctly for your

host operating system.

ii. Make sure your printer is powered ON.

iii. Add the USB filter for your printer as described in Section 11.1

iv. Start your Ubuntu Virtual machine

v. Choose System/Administration/Printing from the Ubuntu menu.

vi. Choose the New Printer icon and follow the wizard to install your
printer.

Note: Items selected in the VirtualBox USB settings section (Figure 62) will
become unavailable to the host as long as the client is active. If you print
anything from the host, it will be held in the printer queue until you shut down
the virtual machine and only then will it print.

12.2 How to Setup Shared Folders

It is often useful to be able to transfer information between the host computer
and the virtual Ubuntu machine. For simple transfer of text, cut and paste, will
function just as it does on the host. Simply copy the text you wish to copy in
the source window and paste it at the desired location in the destination
window.

However, it is also useful to be able to exchange files between the host and the
client. This is done by what is known as “Shared Folders”, that is a folder in
the host and a folder in the client that mirror each other’s contents.

The procedure is similar for both a Windows and Mac hosts. In the following
steps we will use a Windows XP screenshots to illustrate the process of setting
up a shared folder.

a. Create a folder on the host. For this example we will create a folder called
My Documents\VirtualBoxShared\Ubuntu.
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b. From the VirtualBox's menu select Machine/Settings and from the list of
icons on the left select Shared Folders (Figure 68). Press the button with the +
symbol to add a new shared folder in the list. You will have to specify a folder
name for each folder you add. Make sure you memorize that name because
you will need it very soon.

# Ubuntu - Settings

E Generdl Shared Folders
@ Hard Disks

() CD/DYD-ROM Hame Path ficcess ﬁ =
Floppy i Machine Folders 7o
b audio =
@ Metwork,

@ Serial Parts

& use

Shared Foldsrs

Remote Display

Lists all shared folders accessible ta this maching. Use ‘net use x: {\vboxswrishare' to
access a shared Folder named share From a DOS-like 5, or ‘mount -t vhowxsF share
mount_point’ ko access it From a Linux O3, This Feature requires Guest Additions.,

[al'4 H Cancel ][ Help

Figure 68 - Adding Shared Folders
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c. Using the pull down menu, select the location of the folder you created in
step a.

© Ubuntu - Settings

[m=]
ey Shared Folders
@ Hard Disks
C0YOVD-ROM Hams Path ficcess e
Flappy “ Machine Folders ES
o Audia =
EP Network # Add Share
@ Serial Porks
ﬁ i Folder Path; |Dl:n:uments'I,\firtuaIBoxShared'l,Ubuntu| V|
i Falder Mame: |Ubuntu |
Remote Display [ read-anly
L o4 J [ Zancel J

Safect 3 settings cafegory from the 5 on tha faft side and move the moure over a
raftngs fam fo gef more information,

L Ok ,][ Cancel ][ Help ]

Figure 69 - Specifying the Shared Folder
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d. After selecting OK, the window should appear as in Figure 70

© Ubuntu - Settings

Q el Shared Folders
@ Hard Disks

CDJDVD-ROM Name Path Access

E Floppy =- Machine Folders
@ wodbunku DMy DocumentstirtualBoxsharediUbunty Full
Audio

@ Metwork

@ Serial Ports

£ use

Shared Folders
Remoke Display

b & &

Sefact a seftings category from Ehe fvf on fhe jaff oida and move fhe mouse over 3
Faftings dem fo gef mare information,

L O J[ Zancel ][ Help ]

Figure 70 - Shared Folder Selected

e. Choose OK and then start the Ubuntu virtual machine.
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f. Choose Places/Home Folder from the Ubuntu menu and create the folder
in your Home directory which you wish to share. (Note: the File Browser
in Ubuntu is similar to Windows Explorer.) In our example | have called
the folder WindowsShare as shown in Figure 71

# Ubuntu (Snapshot 1) [Running] - Sun xVM VirtualBox

Machine Devices Help

QApplicat\ons Places System& 9

student whl & Sunjan 11, 11:16 AM

student - File Browser
ile Edit View Go Bookmarks Help
v e B =, @ 0
Up Reload Home  Computer Search [ 4
(¢ o & 200
Places~ %] _7_“ . _7_'1’
L student [ il - T
& Desktop Desktop Documents Examples
L File System . . .
(— Floppy Drive - £ hi '11 hﬁ '11
|
= Network Servers Music Pictures Public
i@ Trash - o o
& obj G ]
[=5 Documents = Templates Videos WindowsShare
8 items, Free space: 11.1 GB

@ le= student - File Browser

[ |
SOHF L E @ Ergtan

Figure 71 - Ubuntu File Browser

g. Choose Applications/Accessories/Terminal from the Ubuntu menu and
(assuming you names the folders as I did above) type the following line at
the prompt: (Note: Linux is case sensitive, So you must use consistent
capitalization.)

sudo mount -t vboxsf Ubuntu ~/WindowsShare
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h. Press Enter and enter your password at the prompt (student). Your screen
should look like Figure 72

AN apsho R g alBo O
Machine Devices Help
q Applications Places System e@ e @ student i & Sunjan 11, 11:24 AM
de E
Fle Edit wiew Terminal Tabs Help E"EE

student@ubuntu:~$ sudo mount -t vboxsf Ubuntu ~/WindowsShare [=]
[sudo] password for student:

student@ubuntu:~$ [ \ \ & ‘é'
Eer Search
o [

wsShare

. ][5
SOHP LB @ Brihtcn

@ = student - File Browser student@ubuntu; ~

Figure 72 - Mounting the Shared Folder in Ubuntu

i. You may now close the Ubuntu Terminal window. The WindowsShare
folder in Ubuntu and the C:\My Documents\VirtualBoxShared\Ubuntu
folder in Windows will now mirror each other.

Note: You will have to remount the shared folder each time you reboot the
Ubuntu virtual machine. Users familiar with Linux may use the
/etc/init.d/rc.local script to execute these commands on startup to have the
shared folders automatically mounted every time you start your Ubuntu
VirtualBox.
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Appendix | — References

Programming nxtOSEK

http://lejos-osek.sourceforge.net/
http://lejos-osek.sourceforge.net/api.htm

More on Ubuntu Linux

i
ii.
iii.
iv.
V.
Vi.

http://www.techotopia.com/index.php/Ubuntu Linux Essentials
http://www.techotopia.com/index.php/Ubuntu Desktop Essentials

https://help.ubuntu.com/ubuntu/desktopguide/C/index.html

http://ubuntuforums.org/index.php

http://www.ubuntu.com/

http://ubuntutip.qgooglepages.com/

More on VirtualBox

http://www.virtualbox.org/

More on CodeBlocks

http://www.sci.brooklyn.cuny.edu/~goetz/codeblocks/

http://www.sci.brooklyn.cuny.edu/~goetz/codeblocks/codeblocks-

instructions.pdf

http://www.codeblocks.org/
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Appendix Il Installing VirtualBox Guest Additions

The “VirtualBox Guest Additions” are a set of drivers and utilities that are shipped as a
subset of the VirtualBox for the purpose of being installed inside a guest to improve its
performance and cooperation with the host.® It provides such enhancements as a special
video driver that allows for better performance and features such as dynamically
adjusting the guest resolution when the virtual machine window is resized.® Other
features include support for mouse integration, communication, and shared folders.

When we originally installed the system, the guest additions for Ubuntu were
automatically installed. If you update the Ubuntu client, it may be necessary to reinstall
these guest additions. The following is the procedure: (Note we use screenshots of a Mac
OS X host to illustrate the procedure. However, since the installation of the Guest
Additions takes place completely within the client, the procedure will be the same on
Windows based hosts.)

& http://ww.virtualbox.org/wiki/VirtualBox_PUEL
® http://en.wikipedia.org/wiki/VirtualBox
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1. Go to the Devices Menu from VirtualBox and select Install Guest Additions
(Figure 73).

ﬂunhnntu [Running] - Oracle VM VirtualBox
Machine | Devices Help

§ Applic @) copiD pevices ¥ Fri Sep 17, 12:14 PM  student a
E Floppy Devices
(5 USB Devices
@ Metwork Adapters. ..
() Shared Folders. ..

Enable Remote Display

A =
4 _ >
Mount the Guest Additions installation image @ B ﬁ @ &l [:] [ @ m Right Ctrl 4

Figure 73 - Installation of Guest Additions

2. Select Run.

This media contains software
@ ) intended to be automatically

started. Would you like to run it?

The software will run directly from the media
"“/BOXKADDITIONS 3.2.8_64453". You should newver run
software that you don't trust.

If in doubt, press Cancel.

Figure 74
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3. The system may ask you for your password. If so, enter in your password
(student), and press OK.

4. When the Additions have finished installing press Return.

.
ditionzs for LinUd. .eeeses

Fen i L F dditions, ..
uildi

) : - later in the
re will be dizabled,

are actually used

e dri :
L4 module
tio 3

Ldone,
tem [or just re

= components . . done,

Figure 75
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5. Go to the Devices Menu from VirtualBox and select CD/DVD Devices, and
uncheck VirtualGuestAdditions.

£ Unbuntu [Running] - Oracle VM VirtualBox == x|
Machine | Devices Help
- - — : : =
42 A Of Host Drive D' Fri Sep 17, 12:34 PM student i \@ -
B Floppy Devices Hiren's.BootCD. 10.0.is0

47 UsB Devices subuntu-.04-desktop-386. 150
@ Metwork Adapters...

[i] Shared Folders... -
More CD/DVD Images...

Enable Remote Display

Unmount CD/DVD Device
E f Install Guest Additions... Host+D B

VBOXADDITIONS_3.
2.8_64453

& B
QO L& 0 G Blrontcyl

Figure 76

6. Shutdown the Ubuntu guest system and then restart Ubuntu for the guest additions
to load.
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