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

Section 1: Introduction

The Lego Mindstorm Robot is a wheeled robot that can be assembled in different
configurations and can be made to move and sense things through touch and light sensors
as it moves. The purpose of this tutorial is to give you some understanding of how to
program the robot. 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. 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++.

L http://www.lego.com/

2 http://www.codeblocks.org/

® http://brickos.sourceforge.net/

* http://hoenicke.ath.cx/rcx/brickemu.html
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Section 2: Basic Concepts

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, and so on. These languages are known as high-level languages and are
a convenient way for the programmer to express the algorithm used to solve the program.
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) by 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. Under the BrickOS system which we will be using to
program the Lego Mindstorms Robot, the compiler translates the C++ source code into a
form understood by the robot, which is saved in a file having the .Ix extension

#include Source code
<headerfile> 7] file1.cpp
Compilation
y
Library code Object code
(.obj, .lib) file1.0bj
i Linking
Executable Code
file1.exe
i Execution
Results
Figure 1

All computers must follow a set of basic instructions which starts 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 and is stored in a semi-permanent 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. Below, we
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will describe the firmware, BrickOS, which will be used to run the C/C++ programs that
will control the Lego robot.

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, Mac Os and Ubuntu Linux.

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 Sun’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. 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 characterisitcs 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.
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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. Each of the guests may be considered to be running on independent virtual
machines, so that the user has the luxury of owning three computers at the price of one.

Open source software (OSS) refers to software that is developed, tested, or
improved through public collaboration and distributed with the idea that the 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 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.

® http://searchenterpriselinux.techtarget.com/sDefinition/0,,sid39_gci214343,00.html
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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 here:
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 and 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 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. 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. This is done through a wireless (infrared) connection from the
host computer, using a USB Tower, to the robot computer, which is known as the Brick.
Before a program can be downloaded to the Brick, however, the Lego BrickOS firmware
(which will reside in the memory of the Brick), must be downloaded. So, running a robot
program requires five steps:

1. Download the BrickOS firmware to the Brick over the wireless connection from
the host computer to the Brick.

Write a program using the Code::Blocks IDE.

Build the program (cross-compile and link) using the Code::Blocks IDE.
Download the built program to the Brick

Push the run button on the Brick and watch the robot do its thing.

agrwn

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

.coff brickOS.coff — firmware that runs the C++ code
downloaded to the Brick

X filename.Ix — compiled BrickOS C++ code

.C filename.c — Source code written in C

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

.00r.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 Emulator

Since not everyone has the resources to buy and build a real Lego Robot, an open
source emulator has been developed, which is called BrickEMU. This emulator is a
system that runs on a computer and executes the instructions of the real Brick, but on
your computer. Using the BrickEMU emulator you can download firmware to the virtual
Brick, write programs for the Brick, download them to the Brick 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 emulator has also been incorporated into the Code::Blocks Integrated
Development Environment. Using the Code::Blocks IDE you can download firmware,
write and test programs, and run them in emulation just as if you had the real Brick all
within the same environment.

The BrickOS Emulator has been designed to function from within a Linux
environment. In order to provide a common platform to all students, whether they are
using a Windows PC with the XP or Vista operating system, or a Mac PC using OS X, all
the programs necessary to program the real or emulated 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 RCX Brick

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

------

pimm b

JRaEE ||

| e —

10 & 2005

Figure 4 - A Lego Roverbot with two touch sensors, one light
sensor, and two motors

The heart of the Lego Robot is the RCX Brick (Figure 5) which contains a Hitachi
8600 microprocessor, three sensor ports (Sensor 1, Sensor 2, and Sensor 3) 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. The Lego USB Tower by which programs developed on the PC (.Ix files) can
be downloaded to the Brick is shown in Figure 6.
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Figure 5 - Lego RCX Brick

Figure 6 - Lego USB Tower
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The BrickEMU is designed to mimic the actual RCX Brick and is shown in Figure 7.

- BrickEmuT =1 e
File BrickO3 Help I
Sensor 1 Sensaor 2 Sensor 3 Battery
1023 1023 1023 320

| | ]

|
- helL o -

Figure 7 - BrickEMU

The values sent to the motor ports are displayed in the boxes at the bottom of the display
(currently displaying a value of 0 for all three motor ports). The sensor ports as well as
the battery level may be modified by sliding the tiny yellow bar under each sensor. You
will need to change the value by about 50% before the sensor will react. In a similar
fashion you may simulate the battery level by adjusting the yellow bar in the “Battery”
section of the display. Each of the four buttons (View, Prgm, On-Off, and Run) emulate
the buttons on the actual brick. And of course, the center panel emulates the brick’s LCD.

We will have more to say about the emulator later on.
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Section 6: Installation

6.1. System requirements6
In order to run VirtualBox on your machine, you need:

e Reasonably powerful x86 hardware. Any recent Intel or AMD processor
should do. (Note: You can not run VirtualBox on a PowerPC based Mac.)

e 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
Host.

e Hard disk space. While VirtualBox itself is very lean (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 6 GB free space. The DVI file (containing the virtual disk) is
over 4GB. Technically the DVI1 file has a max 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 XP/Vista PC you will see a screen
similar to the following.

If you are using a Mac please go to page 15.

® http://www.virtualbox.org:80/wiki/End-user_documentation
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i ButoPlay | =] @

DVD RW Drive (D:) Ubuntu

e
Always do this for software and games:

Install or run program

Run menu.bat
e il

General opticns

Open folder to view files

Set AutoPlay defaults in Control Panel

Figure 8

Select Run Menu.bat. The screen on the next page will appear.
B C:\Windowshsystem32\cmd.exe 0] x|

Uirutal Box ~ Ubunutu Install System

Pick from One of the following versions of Uirtual Box:
1=Install Virtwal Box 32 Bit Edition
2=Install Virtuwal Box 64 Bit Edition

3=Documentation

4=Quit

Pleaze zelect (1.2.3. or 4):

Figure 9

Select choice 1 in order to install the 32 bit edition of VirtualBox or choice 2 in
order to install the 64 bit edition of VirtualBox. (Be sure to match the version of
your host operating system). Press Enter after making your selection.

After the install is done, the system will copy Ubuntu to your computer. Please
wait while this takes place, as it will take several minutes. Proceed to Step 2 of the
installation procedure (page 12).

To read the documentation, select choice 3 then Enter.

Page 13



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, BrickOS and the BrickEMU

To quit, select choice 4 and then Enter.

The DVD contains some useful documentation for you to read. Upon selecting
choice 3 the following Documentation Screen appears:

/€ Virtual Box & Brick 05 Documentation - Windows Internet Explorer ==
|\../“\../I |Ié D:\Docs\index.html - | ¢¢| . | | Google el -
File Edit View Favorites Tools Help | Refresh (F5) k
- N 3
o q‘}% | fé Virtual Box & Brick 05 Documentation | | i;-} hd m v o v ._'}’ Page v (0 Tools

Virtual Box & Brick OS Documentation

« Virtual Box Install - PC
o Virtual Box Install - Mac

o Ubuntu Documentation

o Brick OS and CodeBlicks
s BrickOS Reference Guide

Done M Computer | Protected Mode: Off #100% -

Figure 10

Page 14



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, BrickOS and the BrickEMU

Step a: Copying the installation files to your disk (MAC OS X)
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.

If you are using a Windows based PC please go to page 12.

o

CPlusVEBot

Figure 11

Click on the DVD icon.

You will then see the following screen:

i ] % Ubuntu
< - |[a= o] - ‘q, -

@ Network = L -L.

I} Maciniosh HD | g
i autorun.inf copy-vdi.bat copywdl.command

——— | —— P 1_\
G Deswor u LJ

@ student - Docs Mac menu.bat
ﬁ Applications ! | = =

P
ﬁ Documents . g u

J [ ren.command e READNE 1
h Movies
& Music %
() pictures Ubuntu.vdi
@_ ~ 1.0f 10 selecved, Zevo KB available — ﬁ
Figure 12

Double click on the file called menu.command and you will see the screen below
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e e & |
Terminal sh B0x24
S D SO e e SR T T R S TR T B
#xx &% %% Pirtual Box with Ubumtu Install * * % & % % * % % %
You must do steps 1 aond 2
FPLEASE WAIT TILL 1 IS DONE BEFORE GOING TO 2.
[1] Install Virtual Box
[2] Copy YOI File
[3] Show Documentotion
[#] Exit
Enter your menu choice [1-4]:[]
o

Figure 13

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

Page 16



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, BrickOS and the BrickEMU

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:

1) Sun xVM VirtualBox Setup (]

' ' Welcome to the Sun xVM

VirtualBox Setup Wizard

The Setup Wizard will install Sun xVM VirtualBox on your
computer, Click Next to continue or Cancel to exit the Setup
Wizard.

Version 2.1.2 | Mext> | | cancel

Figure 14

Click Next to contine.
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ﬁ Sun xVM VirtualBox License Agreement [#3m]

End-User License Agreement

Flease read the following license agreement carefully.

VirtualBox Personal Use and Evaluation License (PUEL) -

License version 7, September 10, 2008

SUN MICROSYSTEMS, INC. (“SUN") 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 VIRTUALBOX PERSONATL USE AND EVATUATION LICENSE
AGREEMENT (“AGREEMENT ™). PLEASE READ THE AGREEMENT
CAREFULLY. BY DOWNLOADING OF. INSTALLING THIS PREODUCT, YOU -

(@ accept the terms in the License Agreement:

7)1 do not accept the terms in the License Agreement

Version 2.1.2 < Back ][ Mext = ] [ Cancel

Figure 15

Accept the agreement and select Next.
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1) Sun ¥WM VirtualBox Setup ()

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.

Sun xVM VirtualBox application.

This feature frees up 4716KE on
your hard drive. It has 2 of 2
subfeatures selected. The
subfeatures require 563KE on yo...

Location: C:\Program Files\SunxvM VirtualBox

Version 2,1.2 [Diskgsage] [ < Back ][ Mext = ] [ Cancel ]

Figure 16

Leave the defaults set and click Next.
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ﬁﬁun ¥ VirtualBox Setup [#3m]

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

Flease choose from the options below:

[¥|icreate a shortout on the desktop!

Create a shortcut in the Quick Launch Bar

Version 2.1.2 < Back ” Mext = I I Cancel

Figure 17

Leave the defaults set and click Next.
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ﬁﬁun ¥ VirtualBox Setup [#3m]

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

Click Install to begin the installation. If you want to review or change any of your
installation settings, didk Back. Clid: Cancel to exit the wizard.

Version 2.1.2 < Back ” Instal | I Cancel

Figure 18

Click Install to install the program.
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ﬁﬁun ¥ VirtualBox Setup =] @ |[=3]

Sun *¥VH VirtualBox

Please wait while the Setup Wizard installs Sun xVM VirtualBox. This may take
several minutes,

Status:

Version 2.0.6 < Badk Mext =

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 Microsystems, Inc,

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

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

Figure 20

P

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

Mame: Sun Microsystems, Inc, Universal Serial ...

> Publisher: Sun Microsysterns, Inc,

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

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

Figure 21

Page 23



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, BrickOS and the BrickEMU

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

Software Installation

L E The =aoftware you are installing haz not pagzed Windows Logo
2 testing to verfy it compatibility with wWindows <P, [Tell me why
thiz testing is important, |

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

Continue Anpway ] EETEIF'InstaIIatiDn |

Figure 22
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1) Sun ¥WM VirtualBox Setup ()

' ' Sun xVM VirtualBox

installation is complete.

Click the Finish button to exit the Setup Wizard.

[C|5tart Sun xVM VirtualBox after installation;

Version 2.1.2 < Back Cancel

Figure 23

Uncheck “Start Sun xXVM VirtualBox after installation” and press Finish to exit.
Virtual Box has been installed!

Proceed to Step c¢ ‘Installing the Ubuntu Client” on page 33.
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Step b: Installing VirtualBox (on a Mac)

If you are installing VirtualBox on a PC please go to page 17.

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

shown below:

r -, =
806 | VirtualBox (=)
b 4 4 items, 3.8 MB available

1 Double click on this icon:

-
1 K

VirtualBox.mpkg

Run the VirtualBox application
from the Applications Folder:

COMMAND

Applications
VirtualBox_Uninstall.tool
e

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.

( Cancel } m

Figure 25

Press Continue
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rB 06 w Install Sun xVM VirtualBox

Welcome to the Sun xVM VirtualBox Installer

Sun xVM VirtualBox for Mac 0OS X

Welcome to Sun xVM VirtualBox 2.0.6 for Mac OS X! This installer will
guide you through the installation process. In a minute from now, you
® Select Destinatio n@- will be able to execute virtual machines running different operating

systems on your desktop. You will find that VirtualBox delivers a great
® Installation Type feature set and excellent performance.

& Introduction

@ License

@ Install
@ Finish Up-

— | Go Back ( Continue jl

¥

Figure 26

Press Continue
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rB 868 w Install Sun xVM VirtualBox

Software License Agreement

" English )

YirtualBox Personal Use and Evaluation License (PUEL)

@ Introduction

& License

3 . License version 7, September 10, 208
® Select Desllnatlon@

> - SUNMICROSYSTEMS, INC. {("SUN") IS WILLING TO LICENSE THE PRODUCT (AS
@ Installation Type DEFINED IN § | BELOW) TO YOU ONLY UPON THE CONDITION THAT YOU
ACCEPT ALL OF THE TERMS CONTAINED [N THIS VIRTUALBOX PERSONAL

® Install USE AND EVALUATION LICENSE AGREEMENT ("AGREEMENT ™). PLEASE READ
o THE AGREEMENT CAREFULLY, BY DOWNLOADING OR INSTALLING THIS

@ Finish Up- | PRODUCT, YOU ACCEPT THE FULL TERMS OF THIS AGREEMENT.

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 TERMSE AND CONDITIONS OF
THIS AGEEEMENT.

4 1 Subject of Agreement. “Product™, as refeamed to in this Agroement, shall be the binary
software package “Sun x¥M Virual Box,” which Product allows for creating multiple virtual
computers, each with different operating systems (“Guest Computers™), on a physical

computer with a specific operating system {“Host Computer™), to allow for installing and

exsouting these Guest Computers simultaneously. The Product consists of executable files in
machine code for the Selans, Windows, Linux, and Mac 05 X operating systems as well a5 -
other data files as required by the executable files at un-time and documentation in electronic "
form. The Product includes all documentation and updates provided to You by Sun under I=
this Apreement and the terms of this Apreement will apply to all such documentation and

__f( Print.. ) ( Save.. ) ( GoBack ) ( Continue )

4

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.

( Disagree ) (: Agree j

Figure 28

Press Agree
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r a )
(NN &) e Install Sun xVM VirtualBox
Select a Destination
Select a destination volume to install the Sun xVM
© Introduction _|VirtualBox software.
@ License f
@ Select Desliﬂ_a‘tin@
@ Installation Type -
S
® Install Macintosh HD
® Finish Up—T1 J‘hx 74.4GB (59.9GB Free)
You have chosen to install this software on the volume “"Macintosh
HD."
( Go Back ) ( Continue )
7

Figure 29

Select your hard drive and press Continue
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r

ene w Install Sun xVM VirtualBox

Custom Install on “Macintosh HD"

| Pac kage Name | Action | Size

& Introduction ] ¥ Sun xVM VirtualBox Kernel Extensions  Install 0 bytes
a1l v Sun xVM VirtualBox Startup ltems Install 0 bytes

A ¥ Sun xVM VirtualBox Install 0 bytes
& Select Destinatio@ # sun xVM virtualBox Command Line U... Install 0 bytes
& Installation Type
® Install
@ Finish Up-

Space Required: 0 bytes Remaining: 59.9GE

— f: Go Back ) (: Install :}

Figure 30

Take the defaults and press Install

F . M
Authenticate

m Type an administrator’s name and password to
make changes to Installer.

Name: ;|
Password:
B Details
@ ( Cancel :l M
Figure 31

Enter your administrator’s name and password. And then press OK.
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=
'B o6 w Install Sun xVM VirtualBox

The software was successfully installed

! To start VirualBox, go to your Applications folder and double click on the
© Introduction | VinualBox icon.

@ License

© Select Destination
) Installation Type j
© Install

© Finish Up

!

Figure 32

Press Close to exit the install.
Return to the installation menu, Figure 13 and select option #2. This will copy the

Ubuntu client to your compute. Note: It may take 10 minutes or more for the copy
to finish. Please have patience.
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When the copy concludes, return to the Applications window, as shown below,
and double-click on the Virtual Box icon.

Q @ 2

QuickTime Player Safari Sherlock
= 6 =/
5-:.+r.ms System Preferences TentEdit
g
| [ =l
Lrtilivdes. Microsoft Autolpdate Sophos Anti-Virus
\7

WirtualBooo
40 e, 3185 GR smoutable

Figure 33

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
and Mac OS X.

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

ﬁ Windows Movie Maker
Windows Photo Gallery
&) Windows Update
. 7-Zip
. Accessories Virutal Box
. Bricx Command Center
. CodeBlocks

. BExtras and Upgrades

Documents

Pictures
, Games

) GMU Octave

; Maintenance

Music

. Matrox Graphics Inc
. Microsoft Office
, Microsoft Visual Studio 2005 Computer
. Mozilla Firefox
. Sophos Metwork
| Startup
. Sun ®VM VirtualBox Connect To
] License
S’.; VirtualBox Control Panel
@ VirtualBox SDK Reference
T VirtualBox User Manual

Recent tems

Default Programs

Help and Support

Py g

Figure 34

On a Mac OS X double-click on the VirtualBox icon in the Applications window
(Figure 33.)

Follow the steps on the next page.
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& VirtualBox Registration Dialog [ =T
Welcome to the VirtualBox Registration Form!

Please fill out this registration form to let us know that you use VirualBox and.
optionally, to keep you informed about Virwal Bex news and updates.

Enter your full name using Latin characters and your e-mail address to the fields
below. Please note that Sun Microsystems will use this information only to gather
product usage statistics and to send you Virtual Box 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
VirtwalBoee Manual or on the Privacy Policy page of the VirtualBox website.

\
/il
.‘/ " F
Name
E-mail
[] Please do not use this information to contact me
Figure 35

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 Disk to VirtualBox, so the system you will be building
has a disk with existing data on it. The installation DVD contains a virtual disk
containing the Ubuntu Operating System with support for CodeBlocks and
BrickOS. After you installed VirtualBox, the Ubuntu disk was copied to your
system.

If you are on the Mac, make sure that you have run the copy vdi option from the
menu.command file.

Page 34



Programming the LEGO™ Mindstorms Robot Using C++, Code::Blocks, BrickOS and the BrickEMU

We now wish to setup Virtual Box to use the virtual disk which you have copied
from the DVD to your computer.

Select File/Virtual Disk Manager from the VirtualBox console, as shown below.

Sjj Sun xVM VirtualBox EI@
File | Machine Help
Virtual Media Manager... Ctrl+D {3} Details | snapshots | & Description
d& Preferences... Crl+G Welcome to VirtualBox!
W Exit Ctrl+Q B The left part of this window is intended to display a list of all virtual machines on your computer, The list is
empty now because you haven't created any virtual machines yet. B ‘-:/" ’
In order to create a new virtual machine, press the New button in the ’ = 7 \
main tool bar located at the top of the window, " - 24
‘fou can press the F1key to get instant help, or visit www, virtualbox.org g ?
for the latest information and news. [!]
NT
4

Display the Virtual Media Manager dialog

Figure 36
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Select the Add icon (second on the left) as shown below.

Virtual Disk Manager [F=R =N ===
Actions

Mew | Add

—l £y
= = @

Remove Release Refresh

@ Hard Disks |® CD/DVD Images | Eloppy Images

-

MName Virtual 5ize  Actual Size

Location:
Disk Type: Storage Type:
Attached to: Snapshot:

[ oK H Help

Add (register] an existing image file

Figure 37
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Double-click on VDI (as shown in Figure 38)

Select a hard disk image file @
Look in: | ) NirtualBox j Ic_ui( "
e Name Date modif... Type Size
= ; VDI
Recent Places
Desktop
i
Sl
Virtual Bex
A
Computer
A
=
etwork
oo | E
Files of type: |All hard disk images (".vmdk * vdi * vhd) -] Cancel
Figure 38
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Select the Ubuntu virtual disk which has been placed in the VDI directory of the
Virtual Box settings, as shown below (Figure 39) and press “Open”).

Selecta hard disk image file (3]
Look n: [}, VDI ~| £ B
b= Namej Date modif... Type Size
.L'fa : -
i Ubuntusd
Recent Places Che
Desktop
Vinutal Box
A
Computer
A
=
Metwaork
File: name: |L|I:uur|tu.~.-'u:|i j Open |
Files of type: | Al files (%) | Cancel
Figure 39
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Now select the Ubuntu disk and press “OK” (Figure 40).

Virtual Disk Manager
Actions
Mew  Add Remove

Release

®

Refresh

Hard Disks |© COJDVD Images |H Floppy Images

[F=% EoR (52

MName
Ubuntu.wdi

=

Virtual Size  Actual Size
16.00 GB

Location: C:\Wsers\Wirutal Box\, VirtualBox \WDI\Whuntu. vdi
Disk Type: Maormal Storage Type:  Virtual Disk Image
Attached to:  — Snapshot: -
I J[ oo |
Figure 40
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Create a new Virtual Machine by selecting the New button in the upper left hand
corner of the VirtualBox console screen, as shown below.

@ Sun x¥VM VirtualBox = EcEE=<=
Eile Machine Help
f‘:} §§§ Details | Smapshots | Q Descrption
New Settings Delete Stat  Discard Welcome to Virtual Box!
The left part of this window is intended to display a list of all £ "“"_ 1
virtual machines on your computer. The list is empty now —" g )
because you havent created any virtual machines yet. & ra
-
In order to create a new virtual machine, press the New o 2
button in the main tool bar located at the top of the window. [!]
You can press the F1key to get instant help, or visit Ny /
www virtualbox.org for the latest information and news.
Figure 41
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The New Virtual Machine Wizard will now begin. Follow the steps as shown
below:

%/ Create New Virtual Machine [z
Welcome to the New Virtual Machine Wizard!

This wizard will guide you through the steps that are necessany to create a new
virtual machine for Virtual Boo.

Use the Next button to go the next page of the wizard and the Back button to
retum to the previous page.

<Back | [ MNet> | [ Cancel

Figure 42

Select Next to proceed.
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Give a name and OS type.
e Select Ubuntu for the name.
e Select Linux for the Operating System
e Select Ubuntu for the Version

Press Next as shown below.

.

%%/ Create Mew Virtual Machine
VM Name and OS5 Type

Enter @ name faor the new virtual machine and select the type
of the guest operating system you plan to install onto the
virtual machine,

The name of the virtual machine usually indicates its software
and hardware configuration. It will be used by all VirtualBox
components to identify your virtual machine.

Mame

Lbuntu

05 Type

Operating System: [Unux *] |@rﬂ
-

Viersion: [L.Ibuntu

< Back H Mext = ] | Cancel

Figure 43

In the next step of the wizard, we are going to “borrow” some memory from our
real machine for the Ubuntu Virtual machine. Whenever the virtual machine is
running, this memory will not be available to the host computer.
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Select 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. Although 384 MB is the wizard’s

recommendation, 512 MB is optimum for running the Ubuntu client. See the
screenshot below.

.-

%% Create New Virtual Machine
Memory

Select the amount of base memary (RAM) in megabytes to be
gllocated to the virtual machine.

The recommended base memary size is 384 MB.

Base Memory Size

512 ME

4 MB 3584 MB

N
%

< Back Mext = Cancel

Figure 44

Select Next to proceed.
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Select Ubuntu.vdi, and press Next to continue, as shown below.

.-

5% Create New Virtual Machine 7|
Virtual Hard Disk

Select a hard disk image to be used as the boot hard disk of
the virtual machine. You can either create a new hard disk
using the Mew button or select an existing hard disk image
from the drop-down list or by pressing the Existing button
{to invoke the Virtual Media Manager dialog).

If you need a more complicated hard disk setup, yvou can also
skip this step and attach hard disks later using the ¥M Settings

dialog.
The recommended size of the boot hard disk is 8192 MEB.

Boot Hard Disk (Primary Master)

| Ubuntu.vdi (Normal, 16.00 GE) -
’ Mew... ] [ Existing...
< Back ] [ Mext = l [ Cancel

Figure 45
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You will now be shown a Summary screen Click Finish.

5% Create New Virtual Machine

Summary

Yfou are going to create a new virtual machine with the
following parameters:

Mame: Ubuntu
05 Type: Ubuntu
Base Memory: 512 MB
Boot Hard Disk: Ubuntu.wdi (Mormal, 16.00 GB)

If the above is correct press the Finish button. Once you
press it, a new virtual machine will be created.

Mote that you can alter these and all other setting of the
created virtual machine at any time using the Settings dialog
accessible through the menu of the main window,

Figure 46
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Congratulations! You have now completed the installation of VirtualBox and the

Ubuntu client.

5% Sun xVM VirtualBox
Eile  Machine Help

F=3( o (53

New  Settings Start Discard [El General
MName:

@y Ubuntu 05 Type:

@ a—— Base Memory:
Video Memory:

Boot Order:

ACPIL:

10 APIC:

YT -3¢ /AMD-V':

Nested Paging:

PAEMNX:

3D Acceleration:

5 Hard Disks

(*) co/DVD-ROM
Not mounted

Floppy
Not mounted

o Audio
Disabled

&P Network
Adapter 1:

5 Serial Ports
Disabled

-

IDE Primary Master:

{::} {?‘;} % fg,} Details |@ Snapshots I@ Description

Ubuntu
Ubuntu
512 MB
12 MB
Floppy, CD/DVD-ROM, Hard Disk.
Enabled
Disabled
Disabled
Disabled
Disabled
Disabled

Ubuntu-amy. vdi (Normal, 16.00 GB)

PCnet-FAST III (NAT)

»

m

Figure 47

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 those messages.
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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 .vdi 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
Q ﬂ pressed the host key. This will cause the Virtual Machine to capture
\ ,uf 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 on Q??
your desktop or on the menu). The resulting window is shown
below (Figure 48).
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¥ Sun xVM VirtualBox

C D@

File Machine Help
My Settings  Delete

Start

Discard

A

Ubuntu {3napshot 1)

Eﬁaved

Yista (Snapshot 1)
= Saved

'ﬁ} Dekails ||El Snapshats (1) @ Description

=2

E

General
Marne

05 Type

Base Memary
Video Memory
Boot Order

BRI
IO APIC
YT-xf AMD-Y
PAE[MY,

Hard Disks
IDE Primary Masker

(:) CD/DY¥D-ROM

Mok mounted

Floppy

Mok mounted

Jbuntu

Ubuntu

512 MEBE

o ME

Floppy, COYDYD-ROM, Hard
Disk,

Enabled

Disabled

Disabled

Disabled

Ubuntu, wdi
[Differencing, 16.00 GE]

[

£

Figure 48 - 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 49).

ot 1) [Running] - Sun xVM VirtualBox

Mon Jan 5, 1031 AM studert €8] &

= I
S OHE P @] @ Frightcol

Figure 49 - 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. Start the BrickEMU (Using the mouse click on Applications/Programming/Brick
Emulator)
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5. Adjust the windows so that both the emulator and the CodeBlocks IDE are
visible. Your screen should now look like the following (Figure 50).

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

licat Pl Syst el > 55
plications Places System @)~ @ u@
BrickEmu EEE

File Erick0S  Help Flle Edit View Search Project Build Debug wxSmith Tools Plugins Settings Help

Sensor 1 Sensor 2 Sensor 3 Battery FR = - (SN H i
1023 1023 —————— —— —
: B m o i

1023 320
1 1 1

Build target:|

[Management I =
| Start here X} § ¥

J Projects 40 - —

e z
F Code:
The open

htp: /i

HE

:Blocks
m IDE

codeblocksiorg

Recent projects
= ® thome/student/Documents/CodeBlocks/test/test
Creste s new project  thome/student/Documents/CodeBlocksihelloworlg

‘ —
ﬁq Recent files

“ e Q & (home/student/Documents/CodeBlocksitest/main

i

+ thome/student/Documents/C: |J locksite: Hmlaln
3

|

|Logs & others

-~ @

| A code::Blocks | i, Search results | 4, Thread search | € Debugger | € Build log | 4

BrowseTracker 2
HelpPlugin
Profiler

Exporter
cbDragScroll =
Running startup script
Script/function ‘edit_startup_seript script’ reg under menu '&Settings/Edit startup script’

Welcome to Code::Blocks! default

E
SOH& P3| @ Brghtcn

Figure 50 - Ubuntu Desktop with the CodeBlocks and BrickEMU applications

@ By Start here - Code:Bl... | (3 BrickEmu |

Press the Run button on the emulator. You should see the word None flash briefly
on the LCD screen. This indicates that you have not loaded any programs into the
emulator. We will do this in Section 10.
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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.

i I
S OF&F 2 E| @ Blrgce

Figure 51 - 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 @QO _Q student il & Monjan 5, 5:52 PM E

Figure 52 - 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:

=)

o

Figure 53 - 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 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
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using the terminal. However, this lies well beyond the scope of this manual. The interested
student is urged to consult the resources in Appendix 1.

File Edit WView Terminal Tabs Help
student@ubuntu:~%

Figure 54 - 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 55.

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

Machine Devices Help

(¢ 2 _c. &

Log Out Lock Screen Switch User

O O 0)

Hibernate shut Down

SOHP L E O Eriht cul

Figure 55 - 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 56. 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 wank kot
(%) Save the machine state

@ () send the shutdown signal
g () Power off the machine

Rewert to the current snapshot

[ oK ][ Cancel l[ Help

D& 2 A @ Mright el

Figure 56 - Shutting down Ubuntu (Method 2)

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

In this section, we will go thru the steps involved in writing a complete C++ program
using BrickOS for the Lego Robot. We will first test our program on the emulator and
then (for those who have an actual Lego RCS Robot, we will transfer the program to
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 from the Code::Blocks IDE ﬁ Create a new project
opening screen or select _'
File/New/Project from the menu.

2. From the resulting screen (Figure 57) select BrickOS

" aais i il ()]
Category: [ <All categories=> = Go
¥ GLUT
° a =

&\WR Project N apalicatinn  GILUT project 0
Build targets ‘s; T @

Empty project G K+ project 0

liles

F.'.;( &?H,

CoderBlocks plugin FLTK project  Irdicht projzct Q

Custom . )
F CLEY Jrr )
= ; Gt 0 View as

S ® Large icons
D () List

User -emplates Console applcation GLFW preject  Lightfeather project

TIP: Try right-clicking an item

1 Selzct a wizard type first on the left
2 Selact a specific wizerd from the main window (filter by categories if needed)
J Press Go

Figure 57 - Code::Blocks Project Template menu

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

#include<conio.h>
#include<dmotor.h>
#include<dsensor.h>
#include<unistd.h>

using namespace std;
// function prototypes
void hello();

void world();

void roll();

int main() {

hello(Q);
sleep(b5);
world(Q);
sleep(5);
roll();

while (1) {
if (TOUCH_2)

break;
} 7/ end while

return O;

/* Name: HelloRobotWorld
Description: A simple program that illustrates the
features of BrickOS. The program will:
1. Display "Hello World"™ on the LCS
2. Roll foward and then back
3. Wait until the either Sensor 1 or
Sensor 2 i1s "touched"

// Include files containing the BrickOS library functions

// Display ""Hello"

// Pause for 5 seconds

// Display "World"

// Pause for 5 seconds

// Roll forward and backwards

// Display "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.

cputs(*'OUCH ");
else if (TOUCH 1) {
cputs("'BYE

")

} else cputs('Huh ™);
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// function hello displays "HELLO™ on the LCD
void hello(Q) {

cputs(*HELLO™);
}

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

cputs(""WORLD™) ;
by

// Tunction roll instructs the robot to roll forward

// and then to reverse

void roll(Q) {
motor_a_dir(fwd);
motor_a_speed(200);
motor_c_dir(fwd);
motor_c_speed(200);
sleep(5);
motor_a_dir(rev);
motor_a_speed(200);
motor_c_dir(rev);
motor_c_speed(200);
sleep(b5);
motor_a_dir(off);
motor_c_dir(off);
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4. 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 58 at the end of the Build/Compile process.

L inrcpptHEoRoB ool d = Code: BIocks 8r 02! = =
File Edit WView Search Project Build Debug wexSmith Tools Plugins Settings Help
= 3 4 i LR hello() : void
B~ Y~ Y Build target:| Debug C] 1B 4= & O | |"”
Management . 4 b
main.cpp X
Projects | Resources 4r 1 O
2
~ (D Workspace 3
a4
~ B HelloRobotWorld 5
~ [ Sources g |
8
=1
10 #include=conio. h=
11 #includ otor. h=
12 #include=dsensor.h
13 #include=unistd.h=
14
15 using namespace std;
16
17 ]
18 void hellol);
19 void world();
20 void roll();
21
22 Hint main() {
23
24 hellal):
25 sleep(S):
26 world(];
27 sleep(S):
28
29 rolli};
30
=,
32
ZEl
34 -
35 [ while (1] { |
[+]
Logs & others =
/| code:Blocks | 4 Search results | 4, Thread search | £ Debugger| € Build log 4

Figure 58 - Code::Blocks indicating a successful compilation

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

1]
fhome/student/Documents/CodeBlocks/Hel UTF-8

Line 7, Column 3 Insert

Read/Write default

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.Ix in your HelloRobotWorld project directory. This is the
file that needs to be transferred to the BrickEMU and will run on the emulated

computer. This transfer is shown in the next step.
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5. Make sure the BrickEMU is on (press the On-Off button if necessary and that the
BrickOS firmware has been loaded as described in Steps 6 and 7 on page 83.

6. Transfer your program to the BrickEMU. Select Tools/RCX Transfer Emulator. If
all goes well you will see the following:

File BrickO3 Help

Sensor 2
1023

|

Sensor 1

View

1 BrickEmu

1023

|

(=Je)x]

Sensor 3 Battery
1023 320

]

g =

L

2 main.cpp [HelloRobotWorld] - Cod
File Edit VWiew Search Project Build Debug wxSmith Tools Plugin
- WE- N Y B Q &

[~ I~ R Build target:| Debug Cl IE &
Management

Projects | Resources 40

~ (O Workspace
< B HelloRobotWorld

Figure 59 - Program successfully transferred to the BrickEMU

6. Press Enter

RCX Transfer Emulator

HTER to continue,

(—Jo[x]
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9
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12 #include=dsensor h=
13 #include=unistd.h=
14
15 using namespace std;
15
17
18 void hellol);
19 void world();
20 void rolli);
21
22 Hdint main() {
23
24 hellol);
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26 world
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28
29 roll
30
=,
32
ZEl
34
35 -0 while (1) {
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7. Run your Robot by pressing the Run button on the Brick EMU. Your program
should display “Hello” — pause for 5 seconds — and then display “World”. After
another 5 seconds the motor activity buttons will activate indicating first activity
in the forward direction (see the numbers and arrows on Motor Port 1 and Motor
Port 3) followed by activity in the reverse direction. After another 5 second pause
the LCD will display “Huh” (Figure 60).

r 1
B ; i

File BrickOS Help |

sensor 1 sensor 2 sensor 3 Battery
1023 1001 1023 320

| | |

=
Huh |
= :

i

(9 -

Figure 60 - BrickEMU running program

8. Play with Sensor 2 by moving the small bar back and forth. Each time Sensor 2
detects a 50% change in signal it will switch back and forth from displaying
“Huh” to displaying “Ouch”

-
B | L)

File BrickOS Help |

Sensor 1 sensor 2 Sensor 3 Battery
495 1023 320

|

10

Viewr

[ -

Figure 61 - BrickEMU running program. Note activation of Sensor 2.
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9. Finally end the execution of the Robot’s program by activating Sensor 1.

r % |

File BrickOS Help |

,,...=-'—'-=-

aensor 1
495

|

Viewr

sensor 2 sensor 3 Battery
1023 1023 320

| |

(9 -

Figure 62 — BrickEMU program end. Note activation of Sensor 1.

10. Congratulations! You have just run your first BrickOS program on a robot

emulator.
11. 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 RCX Brick

Before using the Lego RCX 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 USB Tower
Do not plug in the tower until after the drivers have been installed.
i. Unzip Tower164.zip (found on the System DVD in the

Windows Driver directory) onto a temporary directory on your
hard drive

ii. Click on the “Setup” file

iii. After the tower drivers are updated, plug in the tower.

iv. Windows will report that is has found a new device and the “Found
New Hardware Wizard” will appear

Welcome to the Found New
Hardware Wizard

Windows will zearch far current and updated zoftware by
looking on your computer, on the hardware installation CD, or on
the "Windows Lpdate 'Web site [with pour permizzion).

Fead our privacy policg

Can Windows connect to Windows Update to zearch for
software?

(e, this time anly
(71 'es, now and every time | connect a device
{#) Mo, nat thiz time

Click, Mest to continue.,

Mext ][ Cancel

Figure 63

v. Choose “No, not this time” and press “Next”
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vi. Allow the software install the software automatically, and press
“Next”

Found New Hardware Wizard

Thiz wizard helpz you inztall saftware for:

LEGO USE Tower

\ .'\J If your hardware came with an installation CD

A

2= or Hoppy dizk, insert it now.

“What dao pou want the wizard to do?

(%) Install the software automatically [Fecommended)
() Install from a list ar specific lacation [Advanced)

Click Mext to continue.

¢ Back ” M et » ][ Cancel

Figure 64
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vii. After a short period of time you will see:

Completing the Found New
Hardware Wizard

The wizard has finizhed installing the zoftware far:

_\> LEGO LUSE Tower

Click Finizh to close the wizard.

Finizh

Figure 65

viii. Press Finish to close the wizard. Windows will notify you that it
has successfully installed the Lego Tower. At this point, you may
delete your temporary installation file.
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ix. 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:

¥ Sun xVM VirtualBox

File Machine Help
{’:j % ﬁ} Dekails ||E| Snapshats {13 @ Description
‘:3 &’
T Setkings  Delete Skark  Discard @ Audio =
Host Driver ‘Windows DirectSound
I( Ubuntu (Snapshot 1} Controller ICH AC97
@Puwered Off
@ MNebtwork
@ Vista (rkshot 1) Adapter 1 PCret-FAST I (NAT)
Saved
I save {5 Serial Ports
uUsB
Device Filkers 1 {1 active)
Folders
Shared Folders 1
Remote Display -
Disabled =
Discard the sawved state of the selected virtual machine

Figure 66
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X. Double-click on the USB section (Windows - Figure 67) or the
Ports section (Mac OS X - Figure 68) and select the 2nd icon on
the right to add USB Device Filters to the Virtual machine

£ Ubuntu - Settings

,@, General USB

@ Hard Disks

@ CDJDYD-ROM Enable USE Controller

Floppy Enable LUSE 2,0 (EHCT) Controller

e Audio LISE Divice Filters

@ Metwiork Hewlett-Packard DeskJet 970C [0100]

@ Setial Ports

& uss

[ shared Folders
Remote Display

BB H®D

Lisks all ISE filkers of this machine. The checkbax ko the left defines whether the
particular filker is enabled or not, Use the context menu or buktons to the right to
add or remove USE filters,

[ [uls l[ Cancel ][ Help

Figure 67 — VirtualBox (Windows) USB Setup
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‘000 Ubuntu - Ports

2 8 b ¥ 3 @

General Storage Audio Network Ports Shared Folders Remote Display

'¢(? USB ¢ Serial Ports |

"1 Enable USB Controller

_ | Enable USB 2.0 (EHCI) Controller

u evice Filters
o
2
5
2
® /% Non-optimal settings detected (Canr_el ) ( oK )

Figure 68 — VirtualBox (Mac OS X) USB Setup

Be sure to enable the USB Controller by checking both boxes.
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xi. Choose the LEGO Group Lego USB Tower 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.

© Ubuntu - Settings

,@, General USB ‘
Hard Disks ;
@ CO{DYD-ROM Enable USB Controller

Floppy Enable USE 2.0 (EHCI) Controller
o Audio USE Device Filkers
[}j] Metwork Hewlett-Packard Desklet 970C [0100]

LEGD Group LEGD USE Tower [0100]
@ Serial Ports

2 use

[ Shared Folders
Remote Display

LR

Safect a setfings cafeqory from fe 8 an the et aide and move e mouss over d
Feffings fam fo gef more ffarmafion,

[ oK J[ Cancel ][ Help ]

Figure 69

xii. Choose OK to return to the VirtualBox console.
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xiii. 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 LEGO Group Lego USB
Tower.

¥ Ubuntu (Snapshot 1) [Running] - Sun xVM YirtualBox

Machine Devices Help

G Applications  Places System &Qa Ea student @l & Thujan 8, 11:33 AM

N G
0H @@ﬁ (B (& right Cir

Figure 70

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

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

11.2 How to install the firmware

The first time you use the brick, you must download the BrickOS firmware into
the actual brick. Attach the tower, and place the brick’s infrared window
approximately 3-4 inches in front of the tower. Turn the brick on. Start the
Code::Blocks application and choose Tools/RCX Load Firmware from the
Code::Blocks menu.
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= HER O Sd Bnmwar e E@

(9 F

Figure 71 - Loading the BrickOS Firmware on to the RCX Brick

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

11.3 How to transfer the compiled program to the LEGO Brick

Attach the tower, and place the brick’s infrared window approximately 3-4
inches in front of the tower. Turn the brick on. Start the Code::Blocks application
and choose Tools/RCX 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

Turn the RCX Brick on, and press “Run”.
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Section 12: Advanced Topics
12.1 Setting up the printer

Setting up the printer is very similar to setting up the Lego Tower (see Section
11.1 Step ix — page 64).

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 steps
ix through xii.

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 69) 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.

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 72). 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

B Generdl Shared Folders
@ Hard Disks

() Co/ovp-ROM Mame Path Access 7]
Floppy i Machine Folders =
{El Audio =
@ Metwork

@ Serial Ports
&7 uss

Shared Faolders
Remote Display

Lists all shared Folders accessible ko this machine, Use 'net use x: Y\wboxsvrishare' ko
access a shared Folder named shave from a DOS-like 5, or 'maount -t vboxsF share
mounk_point' to access it From a Linus: OS5, This feature requires Guest Additions.

2k H Zancel ” Help

Figure 72 - 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

=
GenEr Shared Folders
Hard Disks

COJDVD-ROM Marme Path ficcess
Floppy ‘. Machine Folders

o audio
P Hetwork % Add Share
ﬁ Serial Ports
L7 use
Shared Foldets Folder Mane: |Ubuntu |
Rerote Display [ read-orlky

i & &

Folder Path: |D0cuments'l,VirtuaIBoxShared'l,leuntu| V|

L Ok J[ Cancel J

Sefect 3 seftings category From the frk on the feft side and move the moure over a
raftings £am fo gef more fnformation,

L Ok J[ Cancel ][ Help ]

Figure 73 - Specifying the Shared Folder
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d. After selecting OK, the window should appear as in Figure 74

© Ubuntu - Settings

Q Geliea Shared Folders
@ Hard Disks

CD{DYD-ROM Marme Path Access

H Floppy = Machine Folders
& - Ubuntu L:AMy DocumentsiirtualBoxSharediUbunty— Full
Audio

@ Mebwork
@ Serial Ports
& use

Shared Faolders
Remote Display

m a. -gl

Safart a sattings category fram E1e i8E an e faff aide and' mava fhe mausa arar a
Faffings dam fo gef mara fformaban,

L [a] J[ Cancel J[ Help ]

Figure 74 - 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 75

Ubuntu (Snapshot 1) [Running] - Sun xV¥M VirtualBox

Machine Devices Help

GAppI\cat\ons Places System &@e

student @/l & Sunjan 11,1116 AM

= student - File Browser BEE

File Edit Wiew Go Bookmarks Help

v e | B = |
Up Relead Hom Computer Search e

4 e Q 1os &

Places = [x] __E . S o

L student | i | il L—%J

& Desktop Desktop Documents Examples

L File System o _ .

(! Floppy Drive - — —

= Network Servers Music Pictures Public

& Trash
5 obj —

(5 Documents = Templates videos

WindowsShare

Pintiican

11.1GB

@ == student - File Browser E 'E

S0OL P 3| G [Erigt i

Figure 75 - Ubuntu File Browser

g. Choose Applications/Accessories/Terminal from the Ubuntu menu and
(assuming you names the folders as | 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 76

[ b ap 0 R o alBo O

Machine Devices  Help

-(3 Applications Places System e@e @ student Wl & Sunjan 11, 11:24 AM

de B

File Edit Wiew Terminal Tabs Help \Z"EHZI

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

[sudo] password for student:

student@ubuntu:~$ [ E-l wee
er Search e

oo &

(=) @O |Le

pwsShare

I &
SOHP LA G Bricca

@ le= student - File Browser student@ubuntu; ~

Figure 76 - 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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12.3 Using the DDD Debugger

The section will be added later and is intentionally blank.
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Programming the BrickOS
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Appendix Il — Installing the BrickOS Firmware into the Emulator

Under ordinary circumstances, when starting the BrickEMU, the firmware will be

installed automatically — Should you need to reload the firmware, follow the steps
shown below:

1. Load the BrickOS firmware into the emulator. On the BrickOS Window select

File/Firmware. You will now see a window allowing you to select the firmware
which is to be loaded (Figure 77).

fm T open
Directory: fusrflocal/brickemu —
E] brick03.coff
E] brickD5.srec
E] rom.coff
|
File name: |brickO5 coff Open

Files of type: Firmware (*.coff,”.srec,”.lgo) — | Cancel

[ =

Figure 77 - Installation of BrickOS Firmware
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2. Select brickOS.coff followed by Open. After a brief period of time the firmware
will be loaded into the BrickEMU and its window will now look as in Figure 78.

: : SEE)

File BrickO3 Help

sensor 1 Sensor 2 Sensor 3 Battery
1023 1023 1023 320

| | |

=
E= '

Ly

[ = 4

Figure 78 - BrickEMU with firmware installed

You have successfully installed the firmware and are ready to program for the Lego
Robot!
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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.)

1. Go to the Devices Menu from Virtual Box and select Install Guest Additions

(Figure 79).
" @ virtualBox VM  Machine mrielp— 9 3% 4i) (®1 Mon 6:04 PM Student ()
ICRG) | Mount CD/DVD-ROM > | Ubuntu [Running] - Sun xVM Virtual Box |

o3 Applications  Places System | Unmount CD/DVD-ROM Mon Jan 12, 6:04 PM student wo & [

Mount Floppy >
Unmount Floppy

Network Adapters >
USB Devices >
Shared Folders...

Remote Display

Install Guest Additions...

1 NE® e

Figure 79 - Installation of Guest Additions

" http://www.virtualbox.org/wiki/VirtualBox_PUEL
& http://en.wikipedia.org/wiki/VirtualBox
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2. Open up a terminal window by selecting Applications/Terminal (Figure 80).

r 4

@ VirtualBox VM  Machine Devices Help P 3 4)) (=1 Mon 6:07 PM Student &)
‘@06 Ubuntu [Running] - Sun xVM VirtualBox Y

q Applications Places System i@a
[1Y Accessories , caleulator

Mon Jan 12, 6:07 PM student

\i‘[ll Games 3 Character Map
) o =
.4’; Graphics » | [LA] Dictionary ) S E"A o
": Home Computer Search
fe) Internst » | &) Disk Usage Analyzer
[l office »| ) Manage Print Jobs B 3 (8} |
,,/ Programming + | €% Passwords and Encryption Keys :I - @
- ki g
[ sound & video | [f@] Take Screenshot AL

it AUTORUN.INF WBoxLinuxAdditions-

= rerminal amdé4.run
@ Add/Remove... . b Use the command line

[ Text Editor
| Floppy Drive J
Z Tomboy Motes

(5) VBOXADDITIONS 2,

sAddition Baoxwind dditio BoxWind dditio
= Network Servers 5 Tracker Search Tool g ns.exe ns-amd64.exe
o Trash
(&2 gallery @
(&5 obj WBoxWindowsAdditio
ns-x86.exe

53 Documents
(&5 Music
(&3 Pictures

[ videos

"WBoxLinuxAdditions-x86.run" selected (1.5 MB)

Figure 80 - Opening a Terminal Window
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3. Enter the following command at the terminal prompt (Figure 81):

sudo /media/cdromO/VBoxLinuxAdditions-x86.run

oano
-(j_ Applications Placss  System eﬁ (7]
([CE e = = SEITE

Sile Ecit View Terminal Tabs Hszlp
student@ubuntu:-§ sudo ﬂmcdia/cdrunH/VBuxLinuxAdditiuns *86, run [~]

Ubuntu [Running] - Sun xVM VirtualBox

Mcn ar 12, 6:09PM stadent ap & [

€
Vewas lcons | 3
LinuxAdditions-
amdsd.run

twindowsAdditio
s-amdEd.exe

[ Pictures

[ vicecs

"/BoxLiruxAddizions-x86 -un" selected (1.5 MB)

SOHSFE0| 0 Bir%

Figure 81 - Installing the VBoxLinuxAdditions

4. At the prompt, enter your password (student)
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5. Right click the CD and select Unmount (Figure 82).

" @ VvirtualBox VM Machine [[PETTH Help P %

Mount CD/DVD-ROM >

Unmount CD/DVD-ROM

4)) =/ Thu 1:34PM Student ) J

Ubuntu [Running] - Sun xVM VirtualBox
Mount Floppy =

= i & e [w MACintos D)
Unmount Floppy / =) Thujan 22, 1:35PM & student x@

Network Adapters
USB Devices
Shared Folders...
Remote Display

@

P

Install Guest Additions...
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Picture Z.png

»

applications

[ | 5
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terminal cont
— N " P 1 === 3
10 N0 S By =(s YL A © i~

Figure 82 - Ejecting the Virtual Guest Additions CD

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