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Preface

Thisbook isfor people who are just getting started with VR Juggler. It guides new users through getting and in#
stalling VR Juggler, configuring users environment to use it, and compiling and running a sample application.

The prerequisites for reading this book are minimal. They are:

» Some experience with acommand-line interface (i.e., a shell such as tcsh or the DOS shell)

e Creating and browsing directories

Those users who want to get more involved with VR Juggler to do more than just run applications should be aware
right away of the following prerequisites:

» Knowledge of C++ and object-oriented design

» Knowledge of one of VR Juggler's currently supported graphics APIs (OpenGL [http://www.opengl.org/],

OpenGL Performer [http://www.sgi.com/software/performer/], or Open Scene Graph
[ http://www.openscenegraph.org/]
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Chapter 1. Installing VR Juggler

As with most Open Source projects, VR Juggler is distributed as compressed archive files using popular formats. | n#
stalling a distribution requires very little effort, but you do need to know how to use archiving utilities to extract the
installation tree. Automation of the installation isagoal of the VR Juggler team, but we are still finalizing the details
of cross-platform installation management. Before reading further, you should know where you want to install VR
Juggler, and you should make sure that you have access to write to that directory.

Installing from a Compressed TAR File

The TAR (Tape ARchive) format has been around for along, long time in the UNIX world. It is simply a collection
of filesin adirectory tree that are lumped into asingle file suitable for writing to a tape or for downloading. The
format is a standard, and the tar (1) utility is available on every UNIX-based platform and on Win32. A free version
can be downloaded from the GNU Project [http://www.gnu.org/]. A compressed TAR file is made for each VR Jug#
gler distribution, and some distributions come in other formats as well. Y ou can always count on the availability of a
TAR file, though. The TAR files are compressed using GZIP which is a standard compression format. The gzip(1)
utility is freely available from the GNU Project (the GNU version of TAR has the GZIP agorithm built in) if your
platform does not haveit.

Once you have downloaded a VR Juggler TAR distribution, you can unpack it one of two ways depending on what
your platform's version of TAR supports. Before extracting the installation tree, make sure that your current direct#
ory isthe one where you want to install VR Juggler. If your version of TAR does not have GZIP built in (it does not
support the - z option), the following command will do the decompression and extraction:

% gzip -cd vrjuggler-distribution.tar.gz | tar -xvf -vrjuggler-distribution.tar.gz

Here, you should fill invr j uggl er - di stri buti on. t ar. gz with the name of the VR Juggler distribution file
you downloaded. The above command will work with any shell that supports redirection of standard output to a
pipe. If that looks too scary, you can separate the decompression and extraction into two commands:

% gunzi p vrjuggler-distribution.tar.gz
% tar -xvf vrjuggler-distribution.tar

Note that the distribution file in the second command does not have the. gz extension after gzip(1) isrun. These
steps aso work if your version of tar (1) supportsthe - z option, but you can simplify your work if that option is
supported. The following illustrates how to uncompress and extract all in one step:

% tar -xzvf vrjuggler-distribution.tar.gzztar

In either case, while the command runs, you will see the name of each file asit iswritten to disk. Thisis because of
the - v option to tar (1) that tellsit to be verbose in its efforts. tar (1) takes care of creating all the directoriesin the
installation tree, so you only need to have the base directory (for example, / usr /| ocal ) when you start. For more
information about these utilities, please refer to the tar (1) and gzip(1) manual pages.

Installing from a ZIP File (Win32 only)

On the Win32 family of platforms, the ZIP format rules. In the old days, you would use the PKZIP utility to uncom#
press and extract a ZIP file. Nowadays, most people use WinZip [http://www.winzip.com/] or some other compar#
able graphical interface. This documentation covers only the use of WinZip when extracting a ZIPfile.

Once you have downloaded the VR Juggler ZIP file, the easiest way to extract it isto double-click onitsicon in the
open folder window as shown in Figure 1.1.
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Double-clicking opens the main WinZip window, as shown in Figure 1.2.

Note that in this screen shot, the Extract button is highlighted. Click this button to open the following window:Note
that in this screen shot, the Extract button is highlighted. Click this button to open the dialog box shown in Fig#
ure1.3.

In this window, choose the directory where VR Juggler will be installed and click Extract. WinZip will then proceed
to extract the ZIP file into the directory you named. That isal thereistoit.




Chapter 2. Environment Variables

There are several environment variables that affect the way VR Juggler works. Some of these are required to com#
pile and run applications while others are optional. This chapter lists al such variables and explains their meanings
and uses.

How to Set Environment Variables

The syntax for setting or changing an environment variable varies with operating systems and shell interpreters. In#
stead of choosing one style of syntax that is specific to a particular shell type, we define our own syntax which you
must then trandate to your shell's specific syntax. Before defining this syntax, we present the method used to set en#
vironment variables in the three most common types of shells. We also provide a quick overview of how to set en#
vironment variables using Win32-based GUIs.

Common Conventions and Background

A convention used throughout this book is to name the variables using all capital letters. In almost all cases, regard#
less of the shell, thisisthe naming convention used for environment variables.

Setting a path with an environment variable can require special syntax. Because of this, the method for doing so may
vary from shell to shell. Paths are important with VR Juggler when looking up the path to a shared library
(dynamically linked library). For each shell, the syntax for setting a path is given.

Referring to environment variables can also vary from shell to shell. An example of how to print the value of an en#
vironment variable will be given for each shell. An example of how to refer to an environment variable is also
provided as these two operations may vary even within one kind of shell!

In al shells, an environment variable is only available within that single shell instance. That is, setting an environ#
ment variable at a command prompt only affects that specific shell and will not be available from other concurrent
or future shells. To make a setting “permanent”, it should be done in file read by al shell instances when they are
started. Thisis addressed briefly as appropriate for each shell type.

C-Style Shells (csh, tcsh)

In aC-style shell (i.e., one whose interface is based on the C programming language), setting environment variables
is done using the built-in command setenv. It is used as follows:

% set env <VARI ABLE_NAME> <val ue>

where the string <VARI ABLE NAME> represents the name of the variable you are going to set and <val ue> rep#
resents the value assigned to that variable. Both are required. If the named variable did not exist before, it will pop
into existence. Otherwise, you overwrite the old setting with the new one.

To print the value of an environment variable, use the following command:

% printenv <VARI ABLE NAME>

Referring to a variable, however, is done using the following syntax:

% cd $VARI ABLE_NAME/ bi n

Paths are specified as a colon-separated list. An example of thisis:
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% printenv PATH
/bin:/sbin:/usr/bin:/usr/sbin

For these types of shells, a*“permanent” setting for a given variable should usually be donein your .cshrc file or in
your . | ogi n file, both of which should be in your home directory. In most cases, it is better to use. cshr ¢ be#
causeit is evaluated for every shell instance.

sh-Derived Shells (sh, ksh, bash, zsh, etc.)

In ashell based on sh, setting environment variables is done using the built-in command export. It is used as fol#
lows:

% export <VARI ABLE NAME>=<val ue>

or
% <VARI ABLE_NAME>=<val ue>
% export <VARI ABLE_NAVE>

Here, the string <VARI ABLE_NAME> represents the name of the variable you are going to set and <val ue> rep#
resents the value assigned to that variable. Both are required. Note that there is no space between the variable name
and its value. If the named variable did not exist before, it will pop into existence. Otherwise, you overwrite the old
setting with the new one. If the variable was already among your current shell's environment variables, the export
command is not necessary.

To print the value of an environment variable, use the following command:

% echo $VARI ABLE_NAME

Getting the value of a variable works the same way.

Paths are specified as a colon-separated list. An example of thisis:
% echo $PATH

[ bin:/sbin:/usr/bin:/usr/sbhin

For these types of shells, a“permanent” setting for a given variable should usually be doneinthe. profi | e filein
your home directory or in your shell's“rc” file. Different shells have different names for thisfile. Examples are

. bashrc for BASH and . zshr ¢ for Zsh. Please refer to your shell's documentation for more information. In any
case, the file will bein your home directory.

DOS Shell

Thetypical syntax for setting an environment variable from the command line (in a DOS shell window) under
Win32is:

C.\ set <VARI ABLE NAME>=<val ue>
Here, <VARI ABLE_NAME> is the name of the environment variable to be set, and <val ue> isthe value being ast#

signed to that variable. If the named variable did not exist before, it will pop into existence. Otherwise, you over#
write the old setting with the new one.

To print the value of an environment variable, use the following command:
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C.\ set <VARI ABLE NANME>

Referring to avariable, however, is done using the following syntax:

C\ cd %ARI ABLE_NAVE% bi n

Paths are specified as a semicolon-separated list. An example of thisis:
C\ set PATH
C.\ WNDOW5; C:\ bi n; C:\

For some versions of Windows, a“permanent” setting for a given variable should usually be donein

C:. \ AUTCOEXEC. BAT. In newer versions (Windows ME in particular) and in the Windows NT line of operating
systems, the setting is done using the Control Panel. Please refer to the next section for more information on that
method.

Win 32 GUI

Before reading this section, please be sure to have read the section called “DOS Shell”. Thisis necessary because
the Win32 GUI for setting environment variablesis simply afront-end to that older method and thus uses the same
conventions and syntax. The versions of Windows to which this subsection applies are indicated individually since
each isalittle different. For more detailed information, please refer to the Windows online help system and search
for “environment variables’.

Windows 2000

In the Control Panel, open the System icon. Under the Advanced tab, there is a button labeled Environment Vari#
ables. Here, you can set variables for yourself and, if you have the access privileges, for al users.

Windows NT 4.0

In the Control Panel, open the System icon. The window that is opened has a tab labeled Environment Variables.
Here, you can set variables for yourself and, if you have the access privileges, for all users.

Syntax Used in this Document

To avoid tying this documentation to a single style of environment variable creation, assignment and reference, the
following syntax will be used exclusively from this point onward. Please read this carefully before proceeding.

Naming Environment Variables

When naming an environment variable in the plain text of this document, the variable will be referred to by its name
only. For example, to talk about the environment variable containing your path, we will talk about it as PATH.

Creating/Setting Environment Variables

The syntax to set an environment variableis:

% <VARI ABLE_NAME> = <val ue>

Setting an environment variable also createsit if it is not already present in the current shell's environment.
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Printing an the Value of an Environment Variable

Printing an environment variable's value to standard output (stdout) is done as follows:

% echo $VARI ABLE_NAME

val ue

Referring to the Value of an Environment Variable

To get the value of an environment variable when it needs to be expanded, the following syntax will be used:

% cd $VARI ABLE_NAME/ bi n

Here, the reference to the value is $VARI ABLE _NAME.

Required Environment Variables

VJ BASE_DIR

JDK_HOME

LD_LIBRARY_PATH
(UNIX/Linux only),
LD_LIBRARYN32_PA
TH (IRIX only),

LD LIBRARY64 PAT
H (IRIX only)

The environment variable VJ_BASE_DI Rtellsa VR Juggler application where to
find important datafiles. It is required to compile and run any Juggler app. It should
be set to the base directory of theinstalled VR Juggler library. For example, if you
downloaded a UNIX version of VR Juggler 1.0 and extracted it to the directory /
hone/ sof t war e/ , you would set VJ_BASE_DI Rwith this command:

% VJ_BASE DI R = /hone/software/vrjuggler-1.0

The last component of the path depends on the particular version of Juggler you have
downloaded.

If you downloaded and built VR Juggler from the source code, the compilation creates
adirectory calledi nst | i nks which can be used asa VR Juggler base:

% VJ_BASE DI R = $HOVE/ j uggl er/ ny_bui Il d_dir/instlinks

In any case, on a Win32 platform, you should use /'s as the path separator for
VJ_BASE_ DI Rrather than \'s. The compiler tools can handle either, and the utilities
inj uggl er -t ool s will behave much better if UNIX-style paths are used. It is safe
to use the drive letter at the start of the path (e.g.,
C./software/vrjuggler-1.0.5).

The JDK_HOVE environment variableis required by the script that starts VjControl,
the VR Juggler configuration program. If Javaisinstalled on your system, JDK_HOVE
may already be set. If not, it needs to be set to the base of the Javainstallation.

UNIX/Linux systems use these environment variablesto find dynamically loaded lib#
raries, such as| i bJuggl er. so. Unlessyou are building everything with static lib#
raries, you will need to set these to include the VR Juggler library directory (under
VJ_BASE DI R). IRIX supports several Application Binary Interfaces (ABIS). VR
Juggler supports only the N32 and 64 formats, and there are different library path
variables for each. The N32 ABI usesthe LD_LI BRARYN32_PATH variable, and the
64 ABl usesLD_LI BRARY64_PATH. An example of setting the library path is as
follows:

% LD LI BRARY_PATH = $VJ_BASE DIR/ i b
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Note

On some SGI systems running IRIX, users of the MIPSpro Compilers (version 7.3) will need to add anoth#

er directory asfollows:

% LD_LI BRARY_PATH = $LD LI BRARY_PATH: /usr/|ib32/ cnpl rs: $VJ_BASE DI R

Optional Related Environment Variables

PATH

VJ DEBUG_NFY_LEV
EL

VJ DEBUG_CATEGO
RIES

If you intend to use the VjControl program, you may want to add the
$VJ_BASE_DI R/ bi n directory to your PATH as follows:

% PATH = $PATH: $VJ_BASE DI R/ bin

This variable can be used to control the amount of diagnostic information aVR Jug#
gler application outputs. Its value is a number between 0 (only very important mes#
sages are printed) and 7 (vast amounts of data) inclusive. Non-hackers are advised to
use levels 0 through 3, as higher debug levels become increasingly cryptic and can
severely impact application performance. The default islevel 1—only errors and crit#
ical information are output. An example of setting avalue for thisvariableis:

% VJ_DEBUG NFY_LEVEL = 3

This variable can be used to control which components of VR Juggler are allowed to
output diagnostic data. If for some reason you set VJ_DEBUG _NFY_LEVEL to 5 or
higher, this variable can be used to filter the output. The value of
VJ_DEBUG_CATEGORI ES is a space-separated list of Juggler debug component
names (defined in $VJ_BASE_DI R/ i ncl ude/ Ker nel / vj Debug. h). The de#
fault valueis“DBG_ALL", which performs no filtering whatsoever. Examples of set#
ting it are asfollows:

DBG_ERROR
"DBG_KERNEL DBG | NPUT"
" DBG_CONFI GDB DBG_ENV_MGR"

% VJ_DEBUG_CATAGORI ES
% VJ_DEBUG_CATAGORI ES
% VJ_DEBUG_CATAGORI ES




Chapter 3. VR Juggler Sample Applications

VR Juggler comes with several sample applicationsin itssanpl es directory tree. Many of them are very simple
and are designed to demonstrate a specific feature of VR Juggler or atechnique to use when writing your own ap#
plications. This chapter lists the current sample applications as of thiswriting and gives a quick description of what
you as a potential developer might find interesting in the code. Those users who just want to run applications can
safely skip this chapter.

OpenGL Applications

The OpenGL sample applicationsarein $VJ_BASE DI R/ shar e/ sanpl es/ ogl . They are asfollows:

* Anaog: A very simple demo that allows you to test out analog input to VR Juggler. Use an analog simulator, or
areal analog device (like a potentiometer hooked up to an IBOX, etc), you can move a cube from the floor to 6
feet above the floor.

Note

This demo is well documented within the header comments. Thus, it would also be a good application for
you to learn VR Juggler. It is, however, avery basic application without any interesting features.

e Cones. A 10x10x10 array of conesin space. The cones are created using GLU quadrics. Navigation is done us#
ing quaternions and is not recommended as a basis for navigation in most applications.

» Cubes: A 10x10x10 array of cubesin space. The cubes are created using OpenGL display lists. Thisisthe best
example of using display in VR Juggler and should be studied carefully. Navigation is done using quaternions
and is not recommended as a basis for navigation in most applications.

» Torus: A very, very simple that renders a purple torus at akey point in space. That is, the torusis positioned such
that in a CAVE-like device, the center of the torusis at the lower left corner of the device where the front wall,
left wall, and floor meet. It is designed specifically to test VR Juggler's handling of multiple walls and projection
alignment (in an extremely crude manner). Lighting of the torus is done with a flashlight on the wand but should
not be used as an example of doing lighting in VR Juggler. The behavior of the flashlight is very hard to predict.

» Wand: A trivial program showing how to get input from awand using digital inputs (buttons). This application
is designed primarily as atool to test wand tracking and button input in a VR system.

» Texture: An application demonstrating the use of OpenGL texture objects (and display lists). It includes code for
loading many different texture formats: SGI RGB and RGBA, BMP, TGA (24 and 32 hit), and PCX.

Note

This demo is well documented within the header comments. Thisis agood example for you to start learn#
ing VR Juggler.

e Combo: A collection of Cubes, Torus, and Wand that demonstrates how to cycle between three VR Juggler
OpenGL applications.

* Glove: An example of picking up objects with a glove and navigating through an environment.

« Simple Glove: A very simple application that shows how to use the VR Juggler glove interface with a gesture
interface.

» Digital Glove: Based on Simple Glove, thisis another simple application that shows how to use the VR Juggler
gloveinterface but this time with digital interfaces for each finger.
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OpenGL Performer Applications

Examples of OpenGL Performer applications can be found in $VJ_BASE_DI R/ shar e/ sanpl es/ pf . Theseare
for more advanced devel opers who are familiar with Performer and some of the more complicated aspects of VR
Juggler. There are two main programs there:

» pfNav: A starting point for basic VR Juggler Performer applications that need to load a model and navigate
through it. Usersimplement their application by inheriting from a provided class, si npl ePf Nav. Thisisa
good place for Performer beginners to start because si npl ePf Nav hides many of the complicated details
(which actually makes that class far from simple).

» pfConfigNav: A more advanced example of aVR Juggler Performer application that can be given its model
through a VR Juggler configuration chunk.




Chapter 4. Compiling a VR Juggler Sample
Program

Now that you have VR Juggler installed and you have your environment all configured, it is time for the fun to be#
gin. No, seriously. Y ou are now ready to compile and run VR Juggler applications, and that is the whole point,
right? This chapter explains how to compile the applications provided in the directory

$VJ_BASE DI R/ shar e/ sanpl es.

Required Reading

Before reading any further, make sure you have aready read the instructions on how to install VR Juggler (in
Chapter 1, Installing VR Juggler) and on how to configure your environment (in Chapter 2, Environment Variables).
That information will not be repeated, and it is assumed that you already know what we mean by VJ_BASE DI R.

Y ou should also have a basic understanding of how make(1) works, but in these examples, nothing more will be ne#
cessary than typing make on the command line. Refer to the make(1) manual page for more information about it.

Compiling an Application

There are two ways to compile VR Juggler applications: from the command line or with Microsoft Visual Studio.
Compiling an application at the command line will work on all supported platformsincluding Win32. Using Mi#
crosoft Visual Studio will only work on Win32.

Compiling from the Command Line

All the sample programsin $VJ_BASE_DI R/ shar e/ sanpl es use the same basic steps to compile unless other#
wise noted. Always refer to the top of the sample application's Makef i | e for information that may be specific to
building that application. In general, though, all applications makefiles are compatible with the standard version of
the make(1) utility. Thisincludes the nmake command provided with Visual C++.

The example used here will be the Torus application found in $vJ_BASE_DI R/ shar e/ sanpl es/ ogl / t or us.
It is an OpenGL-based application that will compile and run on all platforms supported by VR Juggler. Begin by
changing into the directory $VJ_BASE_DI R/ shar e/ sanpl es/ ogl / t or us in acommand shell.

To compile Torus, simply enter the following:

% make

or on Win32 without Cygwin, enter:

% nmake

The compile process will then begin. If you have your system set up properly, it will complete with an executable

t or us file(or t or us. exe on Win32) in the directory. Now that you have a program compiled, it istimeto learn

how to run it. Readers who are not using Visual Studio can skip ahead to Chapter 5, Running a VR Juggler Sample
Program.

Compiling Using Microsoft Visual Studio

All OpenGL sample applications are shipped with pre-configured Microsoft Visual C++ workspaces. Thisis doneto
help new users get started with compiling VR Juggler applications and to give experienced Visua Studio usersa

10



Compiling a VR Juggler Sample Program

starting place for their application development. To use the workspace for the Torus application, begin by opening
the folder containing the source code and double-clicking ont or us. dsw.

Visual C++ will open, and the Torus project will be loaded. The unexpanded class view will appear as shown in
Figure 4.2 when Visual C++ first loads.

Before proceeding, the program arguments must be set. This is done using the Settings item under the Project menu.
Thisisshownin Figure 4.3.

Selecting this item opens the “Project Settings’ dialog, shown in Figure 4.4. In this window, choose the Debug tab.
There will be an empty text entry field under the heading Project arguments. Here, enter the full pathsto the VR
Juggler configuration files that will be used to run the torus application. The VJ_BASE_DI R environment variable
cannot be used here, unfortunately, so the full path to every file must be used. The following shows the beginning of
the program arguments listing si m base. confi g, si m wand. m xi n. confi g, and

si m di spl ays. confi g:

Note that in this example, the/ directory separator is used instead of \ for the program arguments. Thisis not strictly
required in this case, but doing it this way maintains consistency with other examples.

Once the program arguments are set up, compile the application. Under the Build menu, choose the Build torus.exe
item as shown in Figure 4.5.

Visual C++ will compile the application, and if you have everything configured properly on your computer, the
compiling will complete successfully. Once it is done, execute the torus program by choosing the Execute torus.exe
item from the Build menu, shown below in Figure 4.6.

Additional Notes

In some cases, VR Juggler applications have makefiles that require the use of GNU make. Thisis always noted in
the heading comments of Makefile in the application's directory. GNU make is free software that can be downloaded
from the GNU Project [http://www.gnu.org/]. Some operating system vendors provide pre-compiled packages for
easy installation of GNU software.

11
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Chapter 5. Running a VR Juggler Sample
Program

It isimportant to note that the same VR Juggler application can be run in simulator mode or in afull-scale VR sys#
tem with no modifications. What does change is the configuration files used when starting the program. In
$VJ_BASE DI R/ shar e/ Dat a/ conf i gFi | es, you can find many basic configuration filesincluding those for
running in simulator using a mouse and keyboard to simulate VR input devices and some example files based on
those used for the VRAC C2 systems. In the directory, you will see some files with names containing “mixin”.
These are special files that provide a specific capability not necessarily needed by all applications. They can be
mixed in (hence the name) with other configuration files as needed. The configuration filesfound in the conf i g#
Fi | es directory will be referenced in the examples provided, so be sure you know where they are.

Required Reading

Before reading any further, make sure you have aready read the instructions on how to install VR Juggler (see
Chapter 1, Installing VR Juggler) and on how to configure your environment (see Chapter 2, Environment
Variables). That information will not be repeated, and it is assumed that you already know what we mean by
VJ_BASE Dl Rand LD _LI BRARY_PATH to name two environment variables. At this point, it is also assumed that
you already have compiled an application (Torus in the case of the examples provided), so you should be sureto
have read about how to compile asample VR Juggler application (in Chapter 4, Compiling a VR Juggler Sample
Program) before proceeding.

Running an Application in Simulator Mode

Running in simulator mode means that your input is simulated and your display windows have limited functionality.
(By, “simulated input”, we mean that input is provided through windows that take keyboard and mouse input and
trandate that into transformations in the virtual world.) Simulator displays are limited primarily in that they cannot
display stereo graphics. It isimportant to note that a simulator display is aspecial kind of VR Juggler display. In#
stead of basing its viewpoint on the head position of one of the users, the viewpoint is controlled by a separate
“camera’ that isjust another positional device. The Sim Display also draws certain objects to help visualize the en#
vironment. For example, the heads of users are represented as blue spheres with gray eyes, and awand (if present) is
drawn as a green cone. Besides these common simulator objects, surface displays can be drawn. These are Juggler
Displays representing projection screens or HMD viewing projections and are drawn as translucent rectangles.

As mentioned, several simulator configuration files are provided with a VR Juggler distribution. These files provide
a complete simulation of an immersive environment. Please note that this documentation reflects the state of the
configuration files at the time the documentation was written. For more information about the configuration files and
how to view or modify the configuration, refer to the VjControl Guide. (Using VjControl is the best way to find out
how a specific configuration file is set up.) The configuration files of interest for simulator mode are as follows:

* sim base. confi g - Thebasic configuration file needed by all applications when run in simulator mode. It
defines commonly used VR Juggler concepts that are beyond the scope of this particular book. It also defines
simulated head movement using the keyboard. For now, it is sufficient to know that it is required to run the
sample applications in simulator mode.

* simdisplays. confi g - Thebasic smulator display configuration file needed by all applications when run
in simulator mode. This file defines the display windows where the rendering magic occurs. Two simulator dis#
play windows are configured by thisfile: asmall onethat is active by default and alarger one that isinactive
initialy.

* sim anal og. wandni xi n. confi g - A “mix-in" configuration file that defines simulated analog input us#
ing the keyboard. Thisisonly required for applications where analog input is used and needs to be simulated
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when in simulator mode.

* sim anal og. m xi n. confi g - Thisversion of the analog simulator opens its own window. See the previ#
ousfile(si m anal og. wandm xi n. confi g) for other details.

* simc6displays. mi xi n. config-A “mix-in" configuration file that defines the surface displays of
VRAC's C6. Thisis not required for any application but can be used to test opening multiple display windows
(both surface and simulator) before running in a multi-screen VR system.

* simdigital.glove.nixin.config-A“mix-in" configuration file that defines smulated digital glove
input using the keyboard. Thisis only required for applications where digital glove input is used and needsto be
simulated when in simulator mode.

e simglove. m xin.config-A “mix-in" configuration file that defines simulated gesture-based glove in#
put using the keyboard. Thisis only required for applications where gesture-based glove input is used and needs
to be simulated when in simulator mode.

e simwand. m xi n. config-A“mix-in" configuration file that defines simulated wand input using the
mouse. Thisis only required for applications where wand input is used and needs to be simulated when in simu#
lator mode.

For the Torus application, we only need the base configuration file, the displays configuration file and the wand
mix-in configuration file.

Now it istime to run the application—finally! Make sure that all your environment variables are set properly before
trying to start the application. Once you are ready, specify the name of the application and all the configuration files
it needs. An example of thisis:

% torus simbase.config simdisplays.config simwand. m xin.config

Y ou will notice that no paths are specified for finding the three configuration files. Thisisintentional to shorten the
command line given in the example. In general, you always have to give the full path to the files. VR Juggler 1.0
does not have any logic for defining a path that would contain configuration filesl. Beginning users will typically
want to reference the example configuration filesin $VJ_BASE_DI R/ shar e/ Dat a/ conf i gFi | es. Asyou get
more comfortable with VR Juggler and its configuration system, you may want to make your own modified files and
put them in the directory $HOVE/ . vj conf i g. To simplify running applications, you may want to make a shell
script (or batch file as appropriate) that does all the work of passing configuration files and common command-line
arguments. For now, though, use the path $VJ_BASE DI R/ shar e/ Dat a/ confi gFi | es for each of the con#
figuration files you pass on the command line.

Asthe application starts, you will see a plethora of output (more or less depending on how you have

$VJ_DEBUG _NFY_LEVEL and $VJ_DEBUG _CATAGORI ES set), and then one moderately sized simulator dis#
play window will open on the left side of your screen while three blank keyboard input windows open on the right
side of your screen. The display window will betitled “ SimWindow1”, and the keyboard input windows will be
titled “Head Keyboard”, “ Sim View Cameras Control” and “Wand Keyboard” (in order from the top of the display
to the bottom). Do not worry that the keyboard windows are black—that is normal. The display window will have a
purple torus, a cyan sphere and a green cone. The torus is what you have come to see; the sphereis the simulated
user's head; and the cone is the simulated user's wand. In Figure 5.1, we show what thislooks on an IRIX 6.5
desktop for comparison with what you are seeing. Note that the head and wand are only rendered in the simulator
windows. They are present because head and wand input are being simulated, and it is typically quite helpful to see
the results of that simulated input.

So now you are probably wondering what you can do with this fancy application. Interaction is done through the
keyboard windows on the right side of your desktop. Moving the head is done with the keyboard in “Head Key#
board”; moving the camera is done with with the keyboard int “Sim View Cameras Control”; and moving the wand
is done with the mouse in “Wand Keyboard”. As noted above, thisinformation is current as of thiswriting. For in#

1This has been fixed for VR Juggler 1.1 and beyond.
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formation on how to verify these settings and to view the current configuration, refer to the VjControl Guide. The
following list of tables provides al the keyboard and mouse controls for the simulator when using these particul ar
configuration files. Note that it is possible to reconfigure the ssmulator to suit your preferences. Thisis provided
mainly for those who just want something that works now.

Table5.1. Moving the smulated head

Transformation Key Press

Move head backward 2 on keypad

Move head left 4 on keypad

Move head right 6 on keypad

Move head forward 8 on keypad

Move head down 7 on keypad

Move head up 9 on keypad

Turn head up CTRL+2 on keypad
Turn head | eft CTRL+4 on keypad
Turn head right CTRL+6 on keypad
Turn head down CTRL+8 on keypad
Rotate head clockwise 1 on keypad

Rotate head counter-clockwise 3 on keypad

Table5.2. Moving the smulated wand

Transformation

Mouse Input/Key Press

Move wand backward

AL T+move mouse backward

Move wand forward

ALT+move mouse forward

Move wand left

CTRL +move mouse | eft

Move wand right

CTRL+move mouse right

Move wand up

CTRL +move mouse forward

Move wand down

CTRL +move mouse backward

Rotate wand left

SHIFT+move mouse | eft

Rotate wand right

SHIFT+move mouse right

Rotate wand up

SHIFT+move mouse forward

Rotate wand down

SHIFT+move mouse backward

Rotate wand clockwise

Right arrow

Rotate wand counter-clockwise

Left arrow

Wand button #1 L eft mouse button
Wand button #2 Middle mouse button
Wand button #3 Right mouse button
Wand button #4 4

Wand button #5 5

Wand button #6 6
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Table5.3. Moving the camera

Transformation Key Press

Move camera backward 2 on keypad

Move camera left 4 on keypad

Move cameraright 6 on keypad

Move cameraforward 8 on keypad

Move camera down 7 on keypad

Move camera up 9 on keypad

Turn camera up CTRL+2 on keypad
Turn cameraleft CTRL+4 on keypad
Turn cameraright CTRL+6 on keypad
Turn camera down CTRL+8 on keypad
Rotate camera clockwise 1 on keypad

Rotate camera counter-clockwise 3 on keypad

Before continuing on to running an application in afull-scale VR system, we provide two asides: using a simulated
glove and using a simulated analog device. The examples provided thus far have not discussed this because the in#
formation was not relevant to the particular sample application being used. Knowing how to use these simulated
devicesisimportant, however, and it is treated separately as a reference for your future endeavorsin running VR
Juggler applications.

Using a Simulated Glove

If youincludethesi m gl ove. mi xi n. confi g file, your application will also have accessto a simulated glove,
with position and gesture inputs. The gloveis controlled by awindow titled “Glove Keyboard”. This window lets
you control the glove position and selected gesture. Movement control of the glove uses the mouse and is the same
as that of the wand. The mouse buttons are used to select gestures. The mapping of the gesture numbersto actual
hand positions is controlled by the “training file” for the sim glove. The default training fileis

$VJ_BASE DI R/ shar e/ Dat a/ gest ur e/ si npl eSi mCGest ur es. dat .

Using a Simulated Analog Device

If youincludethesi m anal og. wandmi xi n. conf i g file, your application will also have accessto a set of
four analog devices (devices with avalue in arange from 0.0 to 1.0). The analog devices are also controlled using
the “Wand Keyboard” window which means that their configuration file requires the wand configuration file.

Note

A separatefile, si m anal og. m xi n. confi g, isprovided for analog input from a separate simulator
window.

The key presses used for controlling the analog devices are listed in Table 5.4.

Table 5.4. Analog Device Simulator Keys

Analog Device Action Key Press

VJAnalog0 increase Q
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Analog Device Action Key Press
VJAnalog0 decrease
VJAnaogl increase
VJAnalogl decrease
VJAnaog2 increase
VJAnalog?2 decrease
VJAnaog3 increase
VJAnalog3 decrease

M o O mlwnl s>

Running an Application in a VR System

Running an application full-scale in a VR system is more complicated than running in simulator mode. The reason
for thisisthat VR systemstend to differ in configuration and in available hardware. VR Juggler is flexible enough to
handle most any configuration you throw at it, but those configurations need to be put together first. Examples of
configuration files used in VRAC's C2 system are provided, and they are used in this documentation. It should be
noted, however, that for any particular system, custom configuration files will probably have to be written. The idea
behind this section is to provide a basic understanding of what is needed to get started with running in a VR system.

The example configuration filesin the directory $vJ_BASE DI R/ shar e/ Dat a/ conf i gFi | es modeled after

those used for VRAC's C2 system are as follows:

* (2. base. confi g - Thebasic configuration file needed by all applications when runin the C2. It defines
commonly used VR Juggler concepts that are beyond the scope of this particular book.

e« (C2.displ ays. confi g - Thebasic display configuration file needed to run with all four walls active and
rendering stereo graphics. This defines only the four surface displays to be opened.

 (C2.fl ock. confi g-TheAscension Flock of Birds configuration file that defines which bird provides input
for the head and for the wand.

e C2.ibox_buttons. config-ThelBOX configuration file that handles the digital wand button inputs.

e C2.nono. di spl ays. confi g - Thesame configuration as C2. di spl ays. conf i g except that thewalls
are opened to render mono graphics.

Running the application is the same as in simulator mode except that the configuration files given on the command

line are different. For example, to run Torus in the C2 with stereo graphics, the following command would be used:

% torus C2.base.config C2.displays.config C2.flock.config C2.ibox _buttons.config
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