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Abstract

This tutoria will look a the VR-OpenMASK platform from different point of views the one of a project
manager who mugt choose a VR deveopment software, the one of the VR-OpenMASK user, and the one of a
VR-OpenMASK developer. At the end we will explan how we suggest programming the interactions of a user
within our virtua universes, from aVR-OpenMASK contributor point of view.

To present VR-OpenMASK from a project manager point of view, dlowing him to choose a software
development plaiform for virtua redity, we offer a sight upon the different categories of software it is possble
to redize with VR-OpenMASK. It is realized with some demonstrations that illustrate the main VR-OpenMA SK
concepts, showing that it is possble to visudize 3D virtua worlds, to interact within these universes, and to
share universes and interactions between severa userslocated on different workstations

Then, from a VR-OpenMASK user point of view, we show how to ingdl the software with the provided
libraries and binaries to be able to make the demongrations that have been presented. In this part we show aso
how to creste new applications based upon exigting smulated objects, and how we can interact with the 3D VR-
OpenMASK visudizer.

We go on with the point of view of a smulated object programmer: we show here the main characterigtics of the
smulated objects we creste for Virtud Redlity agpplications. We insst upon the characteristics dedicated to 3D
visudization and animation of the smulated objectsthat haveto be particular partners of the 3D visudizer.

Last we tak about what we think is essentid to VR-OpenMASK: the interactions with the simulated objects of
our virtud worlds We explan two essentid notions: the adepters that can make interactive some existing
smulated objects, and the interactors that dlow to control with virtud tools the interactive objects. We show that
it is important to ingtdl a communication protocol between the interactive objects and the interaction tools in
order to optimize the generic parts of the interactions. Then we explain how to create new adapters and new
interactors from a VR-OpenMASK contributor mint of view, in order to provide generic tools to the smulated
objects programmers and to the gpplications crestors.

Key words: Virtual Redlity, 3D Interactions, Software Development Platform, 3D Collaborative Work.
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1 Introduction

OpenMASK [11], the successor of GASP [4], is a distributed smulation system designed by IRISA's SAMES
project. It is a disributed software platform for animation and smulation, implemented as an object oriented
development environment alowing real time simulation and visualization of complex 3D systems.

An OpenMASK virtua world is condituted of a set of entities. Each entity in the system is composed of one or
more dmulated objects. These smulated objects are composed of a st of named outputs inputs and control
parameters that conditute the public interface of the entity and of a compute method that is in charge of ther
activation. Entities communicate by synchronous exchanges (data stream connections) or in an asynchronous
way using events ad messages. All these entities are scheduled a their own frequency by a particular object we
cdl acontraller.

OpenMASK dlows aso to distribute these entities over the network, ether to increase the computational power,
or to benefit from physicd devices drivers working only onto dedicated machines. As OpenMASK was first
desgned for physcd dmulation, the digribution of the smulaion relies upon a srong synchronizaion
agorithm.

OpenMASK can benefit from a sat of tools dedicated to 3D interactive grgphics a 3D visudizer and some
facilities dedicated to 3D interaction, and then becomes a system dedicated to Virtud Redity we cdl VR-
OpenMASK. As VR-OpenMASK is an extenson of OpenMASK, it benefits from its distribution facilities and
can be sed to share 3D virtud universes between severa users like DIVE [2], NPSNET [10] or MASSIVE [8].
On the contrary of what can be done in environments such like “Avatars’ [1], where many users can share the
same virtua world, but within which they are not srongly synchronized so that they can not share red-time
smultaneous interactions upon the same object; the distribution paradigm implemented in OpenMASK  enables
to share Virtua Universes between only a smal number of users, but these users will be ble to share precise
interactions upon highly technica objects, thanks to our strong synchronization agorithm.

In this tutorid we are going to show the VR-OpenMASK main features from different point of views: the one of
a project manager who must choose a VR development software, the one of the VR-OpenMASK user, and the
one of a VR-OpenMASK developer. At the end we will explain how we suggest programming the interactions of
auser within our virtua universes, from aVR-OpenMASK contributor point of view.

2 VR-OpenMASK from a project manager point of view

The idea here is to quickly show the main functiondities of the VR-OpenMASK platform, and to illustrate them
with a st of examples and demonsraions. Each example will introduce one or two new features of VR-
OpenMASK, in order to offer a wide view of what it is possble to redize with this virtud redlity development
platform.

2.1 OpenMASK: multi-frequenciessimulations

Each entity in the system is compased of one or more smulated objects. These smulated objects, which are the
basic components of OpenMASK, are composed of a set of named outputs, inputs and control parameters. They
condtitute the public interface of the entity, which is in charge of their activation. This activation happens at the
frequency associated with eech object or family of objects and it is dso one of the main differences between
OpenMASK and other amulation environments. For example a mechanicd modd of a car will need a 50-Hertz
frequency to obtan a redidic mechanicd smulation, while a car driver will need only 5-Hertz frequency to
smulae human behavior. A paticular object is in charge of the sctheduling of the modules we cdl it a
Controller.

At each smulation step, the inputs of the object will be read and given to a cdculaion function, which is
responsible for handling these input vdues, and then updating the values of the control parameters by using
computed results. Then, we can use these control parameters values to calculate new vaues for the outputs. The
inputs can be connected to the outputs of other objects a different stages of the simulaion by either naming the
connected objects or asking the controller for an appropriate object. Moreover, the kernd is in charge of ensuring
that a value provided to an object is consistent with the value from the origina outpuit.

For example, consder the following objects, that will be used in section 3.3, where the Tracker object uses its
PositionReference input, connected to the Postion output of the Trgectory object, in order to caculate its new
Position and Orientation control parameters, before updating its Position and Orientation outputs thanks to these
new control parameters vaues. So these two objects are connected by a data steam (figure 1) which is regulated
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by the controller.
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Figure 1. Data stream connection between two modules

2.2 OpenMASK: event-driven simulations

Objects are dso able to communicate with each other by sending sgnas and events, an internd function caled
processEvent() is in chage of deding with these didogues and requests. During eech smulation sep, this
method will be called as many times as there are events and messages to process.

Simulation objects can perceive broadcasted signdls, if they have subscribed to them. This subscription can be
made to a paticular sgnd: regigerForSignd (theSignd); or to a paticular sgnd from a particular entity:
regigerForSignaBy  (theSignd, theSender). Thee dgnds are sent thanks to the two methods fireSignd
(theSignd); and firevVaduedSignd (theSignd, theAssociatedVdue);

Simulation objects can dso receive messages explicitly sent to them. These messages are sent thanks to the two
methods ~ sendEvent  (theRecever, theMessage); and  sendvVduedBEvent  (theReceiver,  theMessage,
theAssociatedVaue).

In both cases, a communication protocol must be st between senders and receivers in order to dlow the
receivers to manage properly the values possibly assigned to the sgnals and messages.

For example, the corresponding processEvent method of the TrgjectoryForTutorid classis:

bool TrajectoryForTutorial::processEvent (PsEvent * event) {
bool traite = fal se ;
if (event->eventld == "addTarget") {
traite = true ;
addTarget ()
} else if (event->eventld == "renovelast Target") {
traite = true ;
renovelLast Target () ;
} else if (event->eventld == "renoveTarget") ({
PsVal uedEvent <PsNanme> > * val uedEvent =
dynam c_cast <PsVal uedEvent <PsNane> > *> (event)
if (valuedEvent != NULL) {
traite = true;
renmoveTar get (val uedEvent ->val ue)
}
}



Virtual Concept 2003 Biarritz - France November, 5-6-7

return (traite) ;

}

This method is activated by the controller each time an event (dgnd or message) is recaved by a smulation
object. When you want the events to be processed as soon as possble, you can program this in the
processEventA SAP method.

When receiving severd events between two sSmulation steps, the events will be processed according to their
ariva: the fird event to arive will be processed first. Sometimes it can be a problem, if severd objects send
messeges to the same object at the “samée’ time and if this object needs to be aware of dl these messages before
being able to respond correctly to dl of them. In that case, the solution is to use the processEvent method only to
store al the events into appropriated data structures, and to process them in the compute method in the next
simulation step, rather than processing them directly in the processEvent method

2.3 OpenMASK: distribution of simulations upon a network

Each smulated object is assigned to a process and processes are assigned to workstations. Each process owns a
paticular smulated object: a controller, which schedules al the locd smulated objects Within each process,
there will be none, one or severd “red entities’, caled “referentias’; and none, one or severad “ghodt” entities,
caled “mirrors’. The presence of mirrors in a process is function of the inputs needed by the referentids of this
process. if there is a referential B that needs for input the output of a referentia A located within another process,
then there will be a mirror of A within the process where B is located. Mirrors are linked to their referentias
with a datastream connection: a each step of the smulation, a referentiad sends up to date vaues to al of its
mirrors if these vaues changed during the sSmulaion step. Thanks to this mechaniam, each workstation can be
conddered to be in parald updating the vadues of its mirrors and cculating a Smulaion sep, because the
smulation steps of each referentid is caculated without having to wait for the network for a new vaue Of
course, there is a threshold to ensure synchronization: a simulation step is not caculated if the current process is
faster than the others.

As OpenMASK dlows entities to be distributed upon severa workstations, typicaly to increase the power with
compute upon several machines it enables the congruction and the execution of complex virtud worlds, with a
lot of entities with complex and heavy weight caculation behavior.

It can adso be used to use dedicated drivers upon different machines, when a computer does not own enough
hardware communication ports, or when adriver is only available for a particular type of machine,

24 VR-OpenMASK: OpenMASK + particular features dedicated to Virtual Reality
We provide aparticular smulated object dlowing visudizing avirtual world: the Ps3DVisudization.

OpenMASK provides a 3D visualizer based on the OpenGL Performer library, which is a particular smulated
object and is in charge of the graphica representation of dl the objects associated to geometies in the
smulaion. In fact, during the smulation, it looks for al smulated objects that have a 3D representation, and
visudizes them; moreover, it creates the inputs to connect to the visudizable outputs of these objects and
therefore updates the position and orientation val ues according to the outputs of the objects.

The result is hat we can interact with objects (pick, move, modify, and so on.) in a more intuitive way, and aso
make animations posshle Bven more, as our visudizer is a Smulated object, there can be as much visudizers as
needed within the same simulation, and when digtributed upon the network on severa workstations, people can
see the same graphicd representation of the smulation, then are dlowed to cooperate in a shared 3D virtud
world. Also, the users can choose interactively the viewpoint of the visudizer, so one or severd visudizers can
be placed on the same workstetion in order to alow the end-user to see the same world with different viewpoints
at the sametime.

We provide dso data types alowing controlling animation points, associated to visuaization partners.

We offer some interactors, which can encapsulate physica 3D input devices, in order to capture the inputs from
the end-users, and which are able to control interactive objects.

Then we offer tools dlowing making interactive the objects of our virtud universes, so that they can be
manipulated by our interactors.

Last, we offer some tools to ease 3D navigation within 3D virtua worlds.
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25 VR-OpenMASK: collaborative VR Applications

Adding visudizaion, navigation and interaction to the possbility of distributing a smulation enable to distribute
severd interactive visudizations upon different workstations upon a network, thus alowing to share 3D virtua
universes between severa userswith VR-OpenMA SK.

3  VR-OpenMASK from an end-user point of view

In this pat we focus on the user point of view whose am is to reuse and eventudly parameterize existing
applications.

To do that, you have to download OpenMASK and related applications from our web dte
(http://www.openmask.org/). Then you need to ingpect your agpplication binary code (mainly through the main
file source) and build your configuration file. Certainly, you have to learn how to interact with our 3D interactive
viewer.

Wewill finish this part describing the different kinds of VR -OpenMASK applications.
3.1 Execution kernel, smulated objects and binary applications

311 Howtoingal VR-OpenMASK and itsassociated libraries

OpenMASK is a free and open distribution under a QPL license. To download it, you just have to register, to
choose the good digribution matching your gec and Peformer versons, and to read inddl notes tha we
reproduce here. The kernel is provided with an interactive 3D visudizer smulated object.

Kernd and visudizer depend on other products:

optional dependencies for the kernd
= PCCTS, if the grammar of object descriptors wasto be changed. We use the 1.33MR31 version.
= Doxygen, to extract documentation. We use the 1.2.16 version.
=  PVM, to usethedigtributed versions of the OpenMASK kernel. We use the 3.4.2 version.

mandatory dependencies for OpenMASK -3Dvis:

=  OpenGL Peformer. Works with OpenGL Performer 2.4 or higher. This is the mogt difficult
packege to ingal on Linux. Note tha Pefformer Linux is not compatible with gcc 2.96, you
have to downgrade to gcc 2.95.3 (here is an explandion) or use gec 3x .If you use gec 3x you
must use the corresponding version of the Performer library.

optiona dependencies for OpenMASK -3Dvis:
=  Openinventor (required for the iv loader): currently there are no RPMs available for gec3x, so if
you use the gcc3.x verson of OpenGL Peformer you must download Openlnventor sources,

edit makelivcommondefs, replace g++ by g++3 and gee by gec3 and then gmake ingtl.
=  PCCTS, and Doxygen, asfor the kerndl.

If a complete recompilation of OpenMASK3.0 and its different examples and contributed objects is needed, here
ae a few tips. The Makefiles provided with the sources rely on a few environment variables to work. You can
ather set them in your environment or change the makefile.

OpenMASKDIR should point to the root of the OpenMASK installation.

PVM_ROOQOT should point to the root of the PYM inddlation, if the distributed verson has to be
compiled.

PCCTSDIR and PCCTSBINDIR should point respectively to the root of the PCCTS ingtdlation and to
the binaries (antlr and dig) of PCCTS.

LD_LIBRARY_ PATH is initidized by the OpenMASK instalation and you should append to it your
own library directories.

QTDIR should point to the root of the QT ingal if you want to compile the contribution and example
using aQT control pandl.

If you compile with gcc3.x, edit the makein in the kernd directory and replace g++ with g++3 . Or you
can set the environment variable COMPILER to g++3.

If you compile under Irix, use gmake instead of make.



Virtual Concept 2003 Biarritz - France November, 5-6-7

312  Application overview through its main file and its associated M akefile

Looking & an gpplication's main file such as the ones presented in section 332 and 333 will give you
informations about different kind of Smulated objects you can usewith this gpplication.

Mainly, aprogram issplit into three parts:
in thefirst one, you built asimulation tree;
in the second one, you cregte the controller and teach it how to create new smulated objects;
in the last one, you init and run the smulation controller.

The contraller is a specidized smulated object in charge of managing dl the other objects, ther communications
and reactionsto events, and the objects’ distribution.

3.1.2.1  Simdation tree congtruction

You have to creste a good smulation tree, containing the initid objects of your virtua universe. This Smulation
tree can be built directly in your main file or be described in a smulation file. For the first scenario, we provide a
smulated object descriptor class and configuration parameters descriptor classes. For the second one, we provide
a dedicaed file loader. This second way is more flexible and an operator can essly build many different
sessions.

3.1.2.2  Symbolic names for smulated object cregtion

Defining an agpplication class is manly dedaing wha kind of smulated objects could be involved into
following sessons. We provide an easy way to do that through an ingtance crestor public method dlowing the
metching of a gring with a C++ congtructor. This could aso be done recursvely through added declarations
included into genitor objects previoudy declared. The gring is cdled the dass symbolic name of the smulated
object dass. As the method is public, you can do this declaration into the main file but dso in specidized
controller dedicated to your gpplication class.

3.1.2.3  Creation and running of the controller

After that, to run a new gpplication sesson, you just have to create a controller, to provide to this controller the
smulation tree, and to tdl it that it has to run.

Looking a a Makefile such as the one presented in section 3.3.1 tells you the list of dynamic shared libraries
used for the binary code of the application detailed in section 3.

313 Parameterization of the application with a configuration file
With aconfiguration file, you enumerate dl the Ssmulated objects created at the beginning of the session.

File syntax is based on basc par namevdue recognizing. A vaue could be composed of a lig of pairs {..} or
an array of values]..].

A basic object isdescribed giving:
Its symbolic name: cameraman { }

Its symbolic class name: Class PsSCameraman

Parameters concerning OpenMASK control: Scheduling { }
*  Compute frequency
= Process host

Parameters concerning the object configuration: UserParams{ }
=  thesesonesdepend on each object classes.

For each genitor objects, you haveto giveits sons Sons{ }

Controller is the main example of genitor object. It is dways the root the smulation tree. This controller could
be the basic one or aderived one.

Through the configuration file, the operator can decide to distribute the sesson. In this case, the controller needs
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specific scheduling parameters:

Latency: it is the acceptable delay during with a smulated object can run without getting fresh datas
from its remote partners. During this time, be controller provides it with interpolated and extrapolated
vauesand after that time, it does ahard synchronization.

List of matching between processes and machines Machines { }. Then you associae a process name to
an actual machine vaue. Different processes can be on the same machine.

At this time, digribution is built over le Padld Virtud Machine library (PVM). For digributed session, an
operaior has to manage daa files and binary files accesses, in a way that dl the required files are a the right
places.

3.2 Interaction with the 3D Visualizer

One of the main features of virtud redity applications is the visudization of a 3D scene, the interaction of the
user with the objects of the scene, and findly the feding for the user to be immersed indde the scene. We
provide basic cdases to do thet, it is the VR-OpenMASK set. An operator of a VR-OpenMASK application can
tune visudizer and interactors to his needs, through the configuration file.

321 Multiviewspossibilities

Depending of the 3D display devices he uses, the operator can choose usng one or more graphic pipes,
displaying one or more windows, eventualy splitting one window into severa viewports, and soon ...

/1 OpenMASK-3DVi s Configuration Paraneters
/1 1Pipe, 1 Wndow, 4 Viewports
L e I
i ncl ude
"${ OpenMASKDI R}/ cont ri b/ 3DVi s/ def aul t Confi gur ati onPar anet er s. 3DVi s. QpenMASK3"
Use defaul t3DVi s
pi pes {
pi pe0 {
Use defaul t Pi pe
wi ndows {
wi ndow0 {
Use defaul t Wndow
viewports {
vi ewportO {
Use defaul t Vi ewport
viewportSize [0.0 0.5 0.0 0.5]

}
viewportl {
Use defaul t Vi ewport
viewportSize [0.5 1.0 0.0 0.5]
}
vi ewport2 {
Use defaul t Vi ewport
viewportSize [0.5 1.0 0.5 1.0]

vi ewport 3 {
Use defaul t Vi ewport
viewportSize [0.0 0.5 0.5 1.0]
}
}
}

}
}

All of the classical viewing parameters can be managed.

Define defaul tViewport Goup {
clipping [0.1 1000]
fov [45 -1]
associ at edCoservabl e "caner aman”
caner aNunber 0
viewportSize [0 1 0 1]



Virtual Concept 2003 Biarritz - France November, 5-6-7

viewportOffsets [0 0 0 O 0 O]
cul | Face BACK

wi r ef raneMbde fal se

di spl ayStatistics fal se

level OFStatistics 1

savel mages fal se

savel nagesRate 1

earth fal se

sky fal se

}

Notice that in theses examples we use services like “include’, “Defing’ and “Usg’, which minimize
configuration files writing.

In the same way, the operator can define a view pyramid (or camerd) and he chooses its initid postion and
orientation through camera support concept. A camera support is defined by a named transform node in the
scene graph and this node belongs to a smulated object. An object may own severa camera support. They are
numbered from zero to any. In the configuration file, the operator can associate a camera support to a view by
giving an object name and camera number. For that view, the cameras teke place on this support a the beginning
of the smulation.
wi ndowl {
wi ndowNare " QpenMASK3. 0 / Truck tracking "
origin [450 350]
si ze [400 300]
viewports {
viewportO {
associ at edCbservabl e truckl
camer aNunber 2

}#vi} ewports
}

3.22 Badcinteraction capacities of thevisualizer

The firgt badsic interaction with the visudizer is to play with the different camera supports existing in the scene.
For that, the operator has to include in the configuration file, an ingtance of our keyboard input handler class.
Then, it can switch his camera from one support to ancther and control the camerd's position and orientation
relative to the current support. This keyboard navigator was designed to work with one ingance of 3DVis, and
dso for manipulation of casud cameraman described in the next paragreph. This object dso provides a lot of
other services to the operator, like stopping the simulation, displaying graphic datistics, recording video
sequences, displaying asky or aground, andsoon...

Default keys are equivdent to specifying the following user parameters:

User Par ans {
keys {

Escape quit
coma | eft
period right
Up forward
KP_Up forward
Down backwar d
KP_Down backwar d
Page_Up up
Page_Down down
Left | ookLeft
KP_Left | ookLeft
Ri ght | ookRi ght
KP_RI ght | ookRi ght
Horre | ookUp
End | ookDown
Del ete rol | O ockw se
Insert roll Antid ockwi se
s toggleStats
S toggl eStats
z toggl eSavel nages
Z toggl eSavel mages
c toggl eCul | Face
C toggl eQul | Face
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e toggl eEarth
E toggl eEarth
F2 toggl eCoherant Vi ewports
F3 t oggl eCoher ant W ndows
F1 t oggl eCoher ant Pi pes
g increment Fi el dOF Vi ew
Qi ncrenent Fi el dOF Vi ew
w decrenent Fi el dOF Vi ew
Wdecrenent Fi el dOF Vi ew
caneraKeys [1 234567 89 0]
KP_Add next Caner aman
KP_Subt ract previ ousCaner anan
pl us next Casual Caner anan
m nus previ ousCasual Caner aman
KP_0O reset Caner amanCf f set
v vi ewCurrent Val ues
V vi ewCur r ent Val ues
}
}

323 Cameraman service object

Based on these kinds of manipulaions, the cameraman class is a smulated object class dedicated to a camera
support management.

Oneway to control acameraman isto associateit to akeyboard navigator.

Concerning the cameraman initidization, its origind postion can be described ether as postion (x y z) and
orientation (h p r) coordinates in the coordinate system to which the animated node of the geometry associated to
the camerais atached (generaly the globd coordinate system):
User Parans {

yUp true

position [0 10 70]

orientation [0 0 0]
}

or in alookAt and lookFrom point and an up vector, expressed in the same coordinated system.
User Parans {

yU true

| ookFrom [0 17 70]

| ookAt [0 17 0]

}

Ladt, it is mandatory to specify a geometry file to the camera and to specify the node of that file that will be
animated to move the camera
User Par ans {

geonet ryFi |l eName ./ivQoj ects/| egoman.iv
nmoveabl eNodeNane DCS positionOrientation

yW true
position [0 10 70]

servoLookAt [trackerl position]

}

324  Providingdecors

To put easly static decors in a scene, we provide a smple smulated object class which permits to position and
orientate ageometry file.
decor {
cl ass PsvDecor
User Par ans {
geonetryFileNane ../../data/iris-tux.pfb
position [0 O 0]
orientation [0 0 0]
}
}

Notice this object has no frequency because it does not need any compute asit is tatic.
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3.3 Creation of a new VR-OpenMASK application

3.3.1 Usingexisting modules: the simulated objectstypes

We suppose that we want to use and visudize some OpenMASK modules that have been defined in the
TutoridDir directory, which are available in the libTutorid .so shared directory:

A TraectoryForTutorid class a module that calculates 3D positions and that provides them in its
“position” output;

A TrackerForTutorid class a module that tracks a target by aiming at it and then making a step within
this direction (covering only a part of the distance between itself and itstarget).

In order to be adle to use them in a new agpplication, we have to creste a new main.cxx file, which must be able
to ingtantiate these objects, as well asthe 3D visudizer provided in the OpenMASK contribs.

Thismain.cxx filewill look like this:

#i ncl ude <PsException. h>

#i ncl ude <PsControll er. h>

#i ncl ude <Si npl eQpenMASK3Loader . h>
#i ncl ude <Psv3DVi s. h>

#i ncl ude <Traj ectoryForTutorial.h>
#i ncl ude <Tracker ForTutorial.h>

int main (int argc, char * argv []) {

Psv3DVi s: : pri nt Pf Exi t Warni ng = FALSE ;
PsObj ect Descriptor * simulationTree =

new PsOhj ect Descriptor ("root", "trajectory", NULL, NULL) ;
if (argc >= 2) {

sinul ationTree =

(new Si npl eCpenMASK3Loader (argv [1]))->get Root (bj ect Descriptor () ;

}
PsControl ler * controler = new PsController (*sinulationTree, 0) ;
control er->addl nst anceCreator ("3DVis",

new PsSi npl eSi nul at edCbj ect Oreat or <Psv3DVis> ()) ;
control er- >addl nst anceCreat or ("TrackerForTutorial",

new PsSi npl eSi nul at edCbj ect O eat or <Tr acker For Tutorial > ()) ;
control er->addl nst anceCreator ("TrajectoryForTutorial",

new PsSi npl eSi mul at edObj ect O eat or <Tr aj ect oryFor Tutorial > ()) ;
try {

controler->init () ;

controler->run () ;
} catch (PsException & e) {

cerr << "Unresol ved exception " << e << endl ;
}

del ete controler ;
pfExit () ;
}

The associated Makefile must be ableto link with the main kerndl library and these provided libraries:

i fdef QpenMASKConfigFile
i ncl ude $( OpenMASKConfi gFi | e)

el se

i ncl ude $(OQpenMASKDI R) / ker nel / nake. i n
endi f
i fdef PFROOT

PERFORVERI NCLUDES = -1 $( PFROOT) / usr/ i ncl ude/ Per f or mer \
-1 $( PFROQT) / usr /i ncl ude/ Per f or mer / pf db \
-1 $( PFROOT) / usr /i ncl ude/ Per f or mer/ pfui \
-1 $( PFRQOOT) / usr/i ncl ude/ Perforner/pfutil \
-1 $( PFROQOT) / usr /i ncl ude/ Per f or mer / pf \
-1 $( PFROQOT) / usr /i ncl ude/ Per f or ner / pr
endi f

COMWPI LE = $(COWPI LER) $( COVPI LEFLAGS) $( OCPENVASKFLAGS) $( PERFORMERI NCLUDES) \
-g - -ftenpl ate-dept h- 50

LINK = $(LINKER) -L/usr/lib/libpfdb -W, -noinhibit-exec
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INCDR =1 . \
-1 $(Tutorial DR/ modul es/ Tutorial/inc \
-1 $( QpenMASKDI R) / ker nel /i nc \
-1 $(OpenMASKDI R)/ contri b/ 3DVi s/inc \
-1 $(OpenMASKDI R)/ cont ri b/ 3DVi sPart ners/inc \
-1 $( QpenVASKDI R)/ cont ri b/ user Types/ mat h/i nc \

-1 $( OpenMASKDI R) / cont ri b/ | oader s/ si npl eCpenMASK3Loader /i nc \
-1$(PCCTSDIR)/ h

CXX = mai nTutorial . cxx

%0 : %cxx
$(COWI LE) $(COWPI LEFLAGS) $(INCDIR) -c $< -0 3@

SO = $(TutorialDIR)/1ib/libTutorial.so \
$(OQpenMASKDI R)/ | i b/ 1'i b3DVi sPartners. so \
$(OpenVASKDI R)/1i b/ i b3DVis. so \
$( QpenVASKDI R)/ i b/ I'i bUser Types. so \

$(OpenVASKDI R)/ 1 i b/ 1'i bSi npl eQpenMASK3Loader . so \
$( OpenMASKDI R) / 1 i b/ | i bOpenMASK. so

DSO = - L$(OpenMASKDIR)/lib -L$(TutorialDIR)/1ib -L/usr/lib/libpfdb \
-l Tutorial -13DVisPartners -13DVis -13DVislnputHandl ers -l User Types \
- | Si npl eQpenVASK3Loader -1 QpenMASK -1 pf -1 pfdu -1 pfutil

TARGETNAME = tutorial

$( TARGETNAME) : mai nTutorial .o $(SO
$(LINK) mainTutorial.o $(DSO -0 $@

cl ean:
rm-rf ii_files/ mainTutorial.o $( TARGETNAMVE)

332  Creation of theapplication by using a configuration file

Using the binary code defined in the previous paragraph, we can indantiate the appropriate smulated objects of
our universe thanks to a configuration file.

We have to provide correct datas to the objects of the universe to initidize them properly. A trgectory will be
parameterized by a list of points and the progression between the points in a smulation step, a tracker will need
the names of its target and of the output of this target, and a 3D visudizer will need the name of its own
configuration file. So, it is possble to describe the gpplication to execute thanks to a configuretion file, that will
look that way:
#OpenMASK3
root {
G ass Controller
Sons {
Trajectory {
Cl ass TrajectoryForTutorial
Schedul i ng {
Frequency 75
}

User Par ans {
step 0.05
trajectory [
[-50 100 -1]
[50 100 20]

}

Tracker {
Cl ass Tracker For Tut ori al
Schedul i ng {
Frequency 75

User Par ans {
geonetryFi | eNane ../ Dat a/ coneCyan. pfb
target [Trajectory position]
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}
}
vis {
Cl ass 3DVi suali zer
Schedul i ng {
Frequency 75
}
User Par ans {
i nclude "./ParanmsVi su/ 1W ndow_1Vi ewport . 3DVi s. QpenMASK3. A’
}
}

}
This smulation application will be executed with acommand like:
.Jtutorial tutorial.OpenMASK3

333 Creation of theapplication by specializing the main for auniqueuse

We suppose here tha we have copied the previous maincxx and Mékefile files into a manAlonecxx and
Makefile.done, in order to be able to generate anew binary file named tutorid Alone.

In addition to the previous C++ code, you have to include the following files, in order to be able to add new
smulated objects with their parameters.

#i ncl ude <PsKer nel (bj ect Abstract Factory. h>

#i ncl ude <PsMul ti pl eConfi gurati onParaneter. h>

#i ncl ude <PsUni queConfi gurati onParanet er. h>

Then, the credtion of the smulation tree has to be done without configuration file, we have to add manualy the
smulated objects in the treg, with their initid state, which can be tedious So, here we will use defaults vaues
for thetragjectory.
PsObj ect Descriptor * sinulationTree =
new PsObj ect Descriptor ("trajectoryRoot", "rootd ass", NULL, NULL) ;
si mul at i onTr ee- >addSon (
new PsCbj ect Descriptor ("Trajectory", "TrajectoryForTutorial", 75, NULL)) ;
PsConfi gur ati onPar anet er Descri ptor * trackerDesc =
new PsMil ti pl eConfigurati onParaneter () ;
tracker Desc->appendSubDescri pt or Naned ("geonetryFil eNane",
new PsUni queConfi gurationParaneter ("../Datal/coneCyan.pfb")) ;
PsConf i gur at i onPar anet er Descri ptor * targetDesc =
new PsMul ti pl eConfi gurati onParaneter () ;
t ar get Desc- >appendSubDescri ptor (
new PsUni queConfi gurati onParaneter ("Trajectory")) ;
t ar get Desc- >appendSubDescri ptor (
new PsUni queConfi gurationParaneter ("position")) ;
tracker Desc->appendSubDescri ptor Naned ("target", targetDesc) ;
si mul ati onTr ee- >addSon (
new PsQbj ect Descriptor ("Tracker", "TrackerForTutorial", 75, trackerDesc)) ;
si mul ati onTr ee- >addSon (new PsCbj ect Descriptor ("Vis", "3DVis", 75, NULL)) ;

This simulation applicaion will be executed with acommand like:
./tutorial Al one

334 Ingantiated smulated objectsand their data stream connections

The execution of the two programs presented in the previous sections will result in the ingtantiation of three
smulated objects that will be connected in the way presented in figure 2.
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Figure 2. The smulated objects ingtantiated during the execution of the programs described in 3.3.2 and 3.3.3.

335 Caseof adigtributed smulation: referentialsand mirrors

As we describe previoudy in the paragraph 2.3, OpenMAXK'’s entities can be dispatched at run time across the
network in order to distribute the computational weight among severa workstations.

The operator must define which workstations are concerned with the distribution. Then he must declare where
eech dmulaed object will execute its cdculations Ingantistions of referentids and mirrors are done

automaticdly by the controller.

Each workdation will own one or severa processes meking the calculations or watching some of the results
produced by the global smulation.

To obtain this possbility to dispatch the entities upon severd process and workstations, we have to generate a
specid binary file associated to configuration files dedicated to distributed Smulations.

The actud version of OpenMASK relies upon PVM for distributed smulations.

Some rurHtime aspects of the distributed smulations are strongly linked to PVM, so some changes must be made
todlow aVR-OpenMASK application to be distributed upon the network.
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3.3.5.1 Themainfilefor digtributed smulation

In the main file for a digributed smulation (usualy we copy the initid main file and we add to it what is needed
for PVM distribution), we have to add the following include:

#i ncl ude <PsPvnController. h>
and to ingtantiate the corresponding type of controller:

PsPvnControl l er * controler = new PsPvnController ( *sinmflree, 0, argc, argv) ;

3.3.5.2 Definition of some environment variables

Assuming that the PVM_ROOT environment varigble is set, you aso have to define the following ones in you
.cshre file (or any other kind of login file, so that these variables can be st when PVM spawns processes upon
other workstations):
if (-d $PVM ROOT) then
setenv PVM ARCH " $PVM ROOT/ | i b/ pvnget arch’
set env PVM DPATH $PVM ROOT/ | i b/ pvnd
set pat h=($path $PVM ROOT/ bi n/ $PVM ARCH $PVM ROOT/ |i b $PVM ROOT/ | i b/ $PVM_ARCH)
setenv PVM _EXPORT DI SPLAY: PATH
setenv PVM_SHVEM ON
endi f

3.3.5.3 Madification of the Makefile

Y ou have to add these lines in your makefile:
PVMLI BS = - L$( PVM_ROOT) /1 i b/ $( PVYM_ARCH) - | QpenMASKPvm - | gpvn8 - pvnB
I NCDI R += -1 $( PVM_ROQOT) /i ncl ude

You have dso to modify your target name so that you can have as many versions of binary files as you have
different types of machines:

TARGETNAME = ./ $( PVM_ARCH)/ cooper at i onpvm

Ladt, you haveto link with the PVM lib:
$( TARGETNAME) : mai npvm o $( SO
$(LINK) mai npvm o $(DSO $(PVMLIBS) -0 $@

So you will have to build your binary file on each type of machine you want to use for your distributed
smulations.

3.3.5.4  Examplecf aconfiguration filefor adigributed smulation

In a smulation file dedicated to a didributed smulation, we have to add a Scheduling fidd in the Controller
declaration, indde which we have to decdlare the authorized maximum latency (maximum de-synchronization
between the different processes) and the names of the different processes of the smulaion and the machine upon
which these processes are executed:
#OpenVASK3
root {
Class Controller
Schedul i ng {
Lat ency 20
Machi nes {
vi sual Process malux.irisa.fr
conput eProcess bonux.irisa.fr

}
}
Then for each object declared in the Smulation file, we have to say within which processit hasto be executed:
Tracker {
Cl ass Tracker For Tutori al
Schedul i ng {

Frequency 75
Process conput eProcess

User Par ans {
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georetryFi | eNane ../ Dat a/ coneCyan. pfb
target [Trajectory position]

}
}

3.3.5.5 Declaration of the directories used for adistributed smulation

This has to be done in a pvm description file, within which we have to declare, for each machine used in the
digributed simulation, what is the working directory (where we can find the datas needed for the smulation),
what is the execution path (where can we find the directory associated to the architecture of the machine
containing the binary file to execute on this maching), and which PYM daemon has to be launched upon this
meachine:

&barbux.irisa.fr wd=$Tutorial Dir/ Application

ep=$Tutori al D r/ Appl i cation/ LI NUX: $PVM ROOT/ bi n/ LI NUX dx=$PVM ROOTI/ | i b/ pvrd

& oyal del ux.irisa.fr wd=$Tut ori al Di r/ Application

ep=$Tutori al D r/ Appl i cati on/ LI NUX: $PVM ROOT/ bi n/ LI NUX dx=$PVM ROOT/ | i b/ pvrd

3.3.5.6  How tolaunch the distributed smulation

Assuming that the previous pvm description file is named hodstutorid, we first have to execute the following
command, usudly in an independent shell:
pvm hosts. tutorial

Then we can dat the distributed smulation in the working directory of one of the machines used by the
smulation:

./ tutorial PYM deux. mul ti

On this machine, tutoridPVYM must be a symbolic link to the binary file to execute according to the architecture
of the machine (LINUX/tutoridPVM for example for a Linux maching). The name of each binary file in each
directory corresponding to a possible architecture must be the same than the name of this link, because PVM will

spawn a process on each machine used in the digtributed simulaion, and it will try to launch the same binary file
namein eech directory specified thanks to the execution path associated to this machine,

4 VR-OpenMASK from a programmer point of view

4.1 Main characteristics of a smulated object

=
Z

CParameter 1
CPar ameter

SimulationObj ect

Frequency : XX-Hz

Figure 3. Main characterigtics of asimulated object

The smulated object is the basic dement we can use to congruct virtud universes. It can have any number of
inputs, control parameters and outputs. All these attributes are the communication interface of the smulated
object. Control parameters play a role of an intermediary between the inputs and the outputs, for example, we
can store some data in for memorizing certain values that would be used afterwards.

Before its actual instantiation, a smulated object is first described by a data structure provided by the kernd. The
format of the daa that are indde this dructure is a set of pars (datald, effectiveDaa). The format of
effectiveData is ether a single or a compound vaue, according to what is needed by the programmer of the
smulated object. This data structure (a descriptor) must be completed by the user of the module, usudly in a
configuration file. The st of dl the descriptors corresponding to dl the initid Smulated objects, conditue the
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smulation tree.

After the entity is created, its init method is invoked in order to make the proper initidization of the object,
particularly the connections of its inputs to the outputs of other simulated objects. Then its compute method,
within which should be the main pat of the behavior of the object, is invoked according to its activation
frequency. Lagt, before the object is destroyed, its finish method is invoked, to alow it to end properly. The only
ue of dasscd C++ condructor and destructor could not adlow to initialize and finish properly a smulation,
because generdly, a the beginning of a smuldion, dl the objects have to be crested before we can enddle
properly the links between inputs and outputs, that is why the connections are made in the init method rather
than in the C++ constructor.

A smulated object is able to process events and messages thanks to its processEvent method, which is invoked
a each amulation step, as many times as needed to process al he events the object has received. These events
can be dther user-defined events, which can come from any smulaied objects, or sysem events, which come
usudly from the smulation controller.

4.2 How to create new simulated objectstypes

421  ThePsSimulatedObject class

All smulated objects in OpenMASK  are inherited from one basic class PsSmulatedObject. Objects that inherit
from this modd will possess essential functions, such as compute(), which does some necessary computation in
every dmulation gep, and processEvent() that handles messages sent by itsef or others. Of course, those
inherited objects must have their functions rewritten to have their own behavior.

At each dmulation step, the inputs of the object can be read by the caculation function: compute(), which is
responsible for handling these input vaues, then for computing the internd state of the object and updaing the
values of the control parameters, and finally for updating the outputs thanks to the values of the new interna
state (usualy the values of some control parameters).

The inputs can be connected to the outputs of other objects at different stages of the smulation by either naming
the connected objects or asking the contoller for an appropriste object. Moreover, the kernd is in charge of
ensuring that the value provided to the object is consistent with the value from the output.

422  OpenMASK PsTypeinterpolation distribution

As different smulaed objects do not work a the same frequencies, they do not produce data at the same date. So
the data are dated. And when a smulated object needs a data & a given date, if it has not been produced at this
date, the kernd does automaticdly an interpolation or an extrgpolation to adapt the data.

423 DSO Libraries

As we do for the kernd and each VR-OpenMASK component, we suggest to put together dl the binary codes
correponding to a st of dependant Smulated objects in one dy namic shared library. Then, it is eader to reuse
and to combineto build new applications.

4.3 Thelnteractive 3D visualizer and its partners

Programming a virtud redity gpplication involves visudizing a 3D scene, animating its 3D objects and
interacting with them. We describe in the 3.2 paragraph, from the user point of view, a VR-OpenMASK class
providing such functiondities. To do tha, an interactive 3D visudizer object communicates with some smulated
objects of the application concerned with the animation of “their” 3D objects in the scene. These smulated
objectsarecalled 3Dvispartners.

In this part, we describe, from the programmer point of view, the programming interface of the 3DVis partner to
correctly inter-operate with the visudization service.

You can have severd visudizer objects during a sesson, paticulaly when you digribute your sesson for
collaborative work. Each visualizer proceeds in the same way.

431 Interactive 3D Visualizer principles

The visudisation is based on a collaboration between the interactive 3D visudizer object and one or more 3DVis



Virtual Concept 2003 Biarritz - France November, 5-6-7

partners.

4.3.1.1 Animation principles

The visudizer is in charge of moddling and visudisation through an adhoc 3D graphic library: presently the
OpenGL Performer library, shortly aso the OpenSG library.

At theinit step, the visualizer:
initidises the scene graph with a scene node, a light source
opens the pipes, windows, viewports according to the configuration file
list dl the 3Dvis partners, for each one:
0 contact it to get the sub-grap modelling the 3D objectsit manages,
0 insartitinthescenegraph,
o ingdl dl theinput handler that will manage the data arriving from the partner to the visudizer
At compute gtep, the visualizer get data from its partners and update the scene graph, reflecting the animation.

As you see, the visudizer prepare dl what is need for modelling and visudisation, but these are the partners that
provide the actud datas for the modelling and the animation.

43111 Animation partners

To be a good partner, a smulated object has dso to inherit from a partner class which provides a nethod to give
the geometric sub-graph. Then it uses the visuaizeOutput method to declare which outputs have to be handled to
manage the animation.

43.1.1.2 Input handlers

All the animation is managed through the different input handlers ingtaled for esch visudizable output of the
partners.

An input handler connects a partner output to a visudizer input, and he matches this input with a named node of
the scene sub-graph associated to the partner. Thisnodeis cdled an animation point of the partner.

For each partner compute step, this partner have to set a new vaue of its output reldive to the animation it wants
to get.

For each visudizer compute step, the input handler to get the new vaue and update the animation point re ative
to thetype of input handler it is.

4.3.1.2 Visudization Principle

For dmple VR-OpenMASK application, visudization control is done through the configuration file parameters
as seeninthe 3.2 paragraph.

43.1.2.1 Visudization control events

But if you need, severd visuaisation parameters can be controlled through eventsto the visudizer:

"light" , "interOcularDigtance’ , "eyeAngle' , “clipping" , "fov" , "associateObservable' |, "cameraNumber" ,
"viewportSize' , "viewportOffset® , "digplayStatigtics' , "levdOfStatigtics' , “"cullFace® , "savelmages' ,
"earthSky" .

4.3.1.3 Interaction principles

With the OpenGL Performer library, visualization is done through X11 windows, S0 interactions based on the
visudlization are managed by the visudizer and forwarded to the concerned smulated objects thanks to events.

The visudizer catches X11 events, encapsulates them in OpenMASK signas ("XEvent') and dispatches them
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through the smulation (it firesasigna "XEvent" encapsulating the X11 event).

For picking interaction, the visudizer offers four picking services 2DPick, 3DPick, multiPick and OmniPick.
They are cdled upon events.

2Dpick: used for screen to world-gpace ray intersections on a viewport's scene. Intersections will only
occur with parts of the database that are within the viewing frustum, and that are enabled for picking
intersections.

0 paameers pipe number, window number, X and y coordinates
0 return: "picked" <objectName, animatedNodeName> or "noPicked"

3Dpick: used for world space ray intersections on the scene.  Intersections will occur with parts of the
databases that are enabled for picking intersections.

0 paameters ray podtion and orientation, ray length
0 return: "picked"<objectName, animatedNodeName> or "noPicked"

multiPick: used for world space rays intersections on the scene. Intersections will occur with parts of
the databases that are enabled for picking intersections.

0 parameters. raysposition and orientation, rayslengths
o0 return: "picked’<objectName, animatedNodeName> or "noPicked"

omniPick: used for world space rays intersections on the scene. Intersections will occur with parts of the
databases that are endbled for picking intersections.

0 paameters: postion of the origina point of the rays, rayslengths

0 return: "picked"<objectName, animatedNodeName> or "noPicked"

432  Predefined input handlers

We provide a s&t of input handlers to manage moving of 3 objects or parts of 3D objects. We have focused on
thiskind of animation because our main gpplication field was mechanisms.

Here are some exemples:
PsvEulerRotationlnputHandler,
PsvQuaternionlnputHandler,
PsvTrandationlnputHandler,
PsvScaelnputHandler
PsvAxisRotationlnputHandler,

PsvTrand ationX Rotationl nputHandl er

All this classesinherit from an abstract template class that gives the modd to build new input handlers classes.

433  Predefined partners
We providetwo examples of partners:

PsvMechanismPartner: loads a geometry file — but clones a geometry ingead of loading the same file
twice, S0 warning: the geosets are not duplicated and their eventua manipulation can became tricky. To
avoid this, we can set the “clong’ parameter of the visudization to “false’. Configuration parameter:

0 GeometryFileName "path/name’
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PsvDecorPartner: alows to postion and orientate a geometry file in a 3D scene to act as a datic decor.
Inserts apfSCS node at the top of the partner scene subgraph. Configuration parameters:

0 geometryFileName "path/name’
0 postion[xy Z]
0 orientation[hpr]

Heretoo, theses classes inherit from an abstract classthat givesthe mode to build new partners classes.

4.4 Example of a new visualizable smulated object type creation

We are going to show how to write a smple 3D object, which behaviar is only to stay somewhere relatively to
another object. Wewill call thiskind of object a ShiftedForTutoria object. It will be avisudizer's partner.

PositionOffsat
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Figure 4. The ShiftedForTutorid simulated object
The attributes of this smulated object will be:

two inputs: the position and orientation of its reference object;

four control parameters. the offsets for postion and orientation relatively to the reference object, and
the effective position and orientation of the object itsdf;

two outputs: its absolute position and orientation, so that it can be visudized.
Itsinteresting methods will be:

the condructor initidizes the references for inputs, control parameters and outputs; it gives initid vaues
to the control parameters and the outputs; it nakes the outputs able to be used by the 3D visualizer; and
it reads from the configuration parameterstheinitiad valuesfor the offsets of postion and orientation.

the init method reads from the configuration parameters the values of the names of the eference object
and of its outputs (it could have been done in the congructor), and then it connects the inputs to the
outputs of this reference object.

the compute method, which will invoke the three following methods:
= the computel nputs method reads the values of the inputs.
= the computeParameters method caculate new vaues for the postion and orientation control
parameters according to the vaues read from the inputs (the vaues of the reference postion and
orientation) and to the values of the offsets (stored in the corresponding control parameters).
= the computeOutputs method puts the values of the control parameters for postion and
orientation into the corresponding outputs.

441  Writing the C++ classes
4.4.1.1 The ShiftedForTutorid.h file

#i f ndef Shi ft edFor Tut ori al HEADER
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#defi ne ShiftedFor Tut ori al HEADER

#i ncl ude <PsSi mul at edCbj ect . h>
#i ncl ude <PsvMechani snPart ner. h>
#i ncl ude <PsQut put . h>

#i ncl ude <PsControl Paraneter. h>
#i ncl ude <PsTransl ation. h>

#i ncl ude <PsHPRRot ati on. h>

class ShiftedForTutorial : public PsSinmulatedject,
publi ¢ PsvMechani snPart ner {

public :

ShiftedFor Tutorial (PsController& ctrl,
const Ps(bj ect Descri ptor & obj ect Descri ptor) ;
virtual ~ShiftedForTutorial (void) ;

virtual void init (void) ;
virtual void compute (void) ;

protected :

virtual void computelnputs (void) ;
virtual void conputeParanmeters (void) ;
virtual void conputeCQutputs (void) ;

Psl nput <PsTr ansl ati on> & referencePositionl nput ;
Ps| nput <PsHPRRot ati on> & referenceOientationl nput ;

PsCont r ol Par anet er <PsTr ansl ati on> & positionParaneter ;
PsCont r ol Par anet er <PsHPRRot at i on> & ori ent ati onParaneter ;
PsCont r ol Par anet er <PsTr ansl ati on> & posi ti onOf f set Paraneter ;
PsCont r ol Par anet er <PsHPRRot ati on> & orientati onO f set Par aneter ;

PsQut put <PsTransl ati on> & posi ti onQut put ;
PsQut put <PsHPRRot at i on> & ori ent ati onCut put ;

PsTransl ati on referencePosition ;
PsHPRRot ati on referenceOientation ;
PsTransl ati on position ;

PsHPRRot ati on orientation ;

PsTransl ati on positionOfset ;
PsHPRRot ati on orientati onOfset ;

o
#endi f

4412 The ShiftedForTutorid.cxx file

#i ncl ude <ShiftedForTutorial.h>

#i ncl ude <PsConfi gurati onPar anet er Descri pt or. h>
#i ncl ude <PsvTransl ati onl nput Handl er . h>

#i ncl ude <PsvHPRRot at i onl nput Handl er . h>

#i ncl ude <PsSystenEventldentifier.h>

#i ncl ude <sstreanm»

Shi ft edFor Tutori al : : Shi ftedFor Tut ori al
(PsOontroI ler &ctrl, const PsCbjectDescriptor & objectDescriptor)
PsSi nul at edObj ect (ct rl, objectDescriptor), PsvMechani snPartner (),
posi ti onQut put (addQut put <PsTransl ati on>

("position", new PsPol ator<PsTransl ation> ())),

ori entati onQut put (addQut put <PsHPRRot at i on>

("orientation", new PsPol at or <PsHPRRot ati on> ())),

posi ti onPar anmet er (addControl Paranet er <PsTransl ati on> ("position")),
ori entati onParaneter (addControl Paranet er <PsHPRRot ati on>

("orientation")),

posi ti onO f set Par anet er (addContr ol Par anet er <PsTr ansl ati on>

("positionOfset")),
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orientati onOfset Paranet er (addContr ol Paranet er <PsHPRRot at i on>
("orientationOfset")),
ref erencePosi ti onl nput (addl nput <PsTransl ati on> ("referencePosition",
true)),
referenceOi entationl nput (addl nput <PsHPRRot ati on>
("referenceCrientation", true)),
position (0, 0, 0),
orientation (0, 0, 0) {
vi sual i seCut put <PsvTransl at i onl nput Handl er > (posi ti onCut put,
"DCS position") ;
vi sual i seQut put <PsvHPRRot at i onl nput Handl er> (ori entati onCut put,
"DCS orientation") ;
if (getConfigurationParameters () !'= NULL) {
if (getConfigurationParaneters ()

->get SubDescri pt or ByNanme ("positionOfset") !'= NULL) {
for (int i =0; i <3 ; i ++) {
PsFl oat tenp;

istringstreamis (getConfigurationParaneters ()
- >get SubDescri pt or ByNane ("positionCifset")
- >get SubDescri pt or ByPosi tion (i)
->get AssociatedString ().c_str ()) ;

is >> tenp ;

positionOffset [i] = tenp ;

if (getConfigurationParaneters ()
->get SubDescri ptorByNane ("orientationOffset") !'= NULL) {
for (int i =0 ; i <3; i ++) {
PsFl oat tenp ;
istringstreamis (getConfigurati onParaneters ()
- >get SubDescri pt or ByNane ("orientati onOffset")
- >get SubDescri pt or ByPosi tion (i)
->get AssociatedString ().c_str ()) ;
is >> tenp;
orientationOfset [i] = tenp ;

}

} else {
cerr << getNanme () << " : no configuration file" << endl ;
sendEvent (getController (), PsSystentEventldentifier::MskStop) ;

}

posi tionCf f set Paraneter. set (positionOfset) ;

orientati onOfsetParaneter.set (orientationOfset) ;

posi tionParaneter.set (positionOfset) ;

orientati onParaneter.set (orientationOfset) ;

conput eQut puts () ;

}

ShiftedFor Tutorial ::~ShiftedForTutorial (void) {

}

voi d ShiftedForTutorial::init (void) {
PsString referenceNane ;
i f (getConfigurationParaneters ()
- >get SubDescri pt or ByNarme ("referenceNane") != NULL) {
ref erenceNane = get Configurati onParaneters ()
->get SubDescri pt or ByNane ("referenceNane")
->get AssociatedString () ;
}
PsString positionNane ;
i f (getConfigurationParaneters ()
- >get SubDescri pt or ByNanme ("referencePositionNane") !'= NULL) {
posi ti onNane = get Confi gurationParaneters ()
->get SubDescri pt or ByNane ("ref erencePositi onNane")
->get Associ atedString () ;

ref erencePosi ti onl nput. connect (referenceNane, positionName) ;
PsString orientationName ;
if (getConfigurationParaneters ()
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- >get SubDescri pt or ByNane ("referenceOientati onNane") != NULL) {
orientati onNane = get Confi gurationParaneters ()
->get SubDescri pt or ByNanme ("referenceOientati onNane")
->get Associ atedString () ;
}

referenceOientationl nput. connect (referenceNane, orientationNanme) ;
}

void ShiftedForTutorial::conmpute () {
conput el nputs () ;
conput eParaneters () ;
conput eQut puts () ;

}

voi d ShiftedForTutorial::conputelnputs (void) {
referencePosition = referencePositionlnput.get () ;
referenceOientation = referenceOrientationl nput.get () ;

}

voi d ShiftedForTutorial::conputeParaneters (void) {
positionCffset = positionOfsetParaneter.get () ;
orientationOfset = orientati onOffsetParaneter.get () ;
pf Coord coordO fset, coordReference, coordResultat ;
pf Matri x mat O f set, nat Reference, natResultat ;
for (int i =0 ; i <3 ;i ++) {
coordOfset.xyz [i] positionOfset [i] ;
coordO fset. hpr [i] orientationOfset [i] ;
coordRef erence. xyz [i] = referencePosition [i] ;
coordReference. hpr [i] = referenceOientation [i] ;

}
mat O f set . makeCoord (&coordCf fset) ;
mat Ref er ence. makeCoor d ( &coor dRef erence) ;
/1 shifting relative to the reference
mat Resultat. mult (mat O fset, mat Ref erence) ;
mat Resul tat. get Ot hoCoord (&coordResultat) ;
for (int i =0; i <3 ;i ++) {
position [i] = coordResultat.xyz [i] ;
orientation [i] = coordResultat.hpr [i] ;
}
posi tionParaneter.set (position) ;
orientati onParaneter.set (orientation) ;

}

voi d ShiftedForTutorial::conmputeCQutputs (void) {
posi tionCQut put.set (positionParanmeter.get ())
orientati onCutput.set (orientationParaneter.get ()) ;

}

4.4.2  Writing the M akefile and generating the dynamic library

i fdef COpenMASKConfigFile
i ncl ude $( QpenMASKConfi gFil e)

el se

i ncl ude $(QpenMASKDI R)/ ker nel / make. i n
endi f
i fdef PFROOT

PERFORVERI NCLUDES = -1 $( PFROOT) / usr /i ncl ude/ Per for ner \
-1 $( PFROOT) / usr /i ncl ude/ Per f or ner/ pf db \
-1 $( PFROQT) / usr /i ncl ude/ Per f or mer / pfui \
-1 $( PFROOT) / usr /i ncl ude/ Performer/pfutil \
-1 $( PFROQOT) / usr /i ncl ude/ Per f or ner/ pf \
-1 $( PFROOT) / usr /i ncl ude/ Per f or ner/ pr
endi f

COWPI LE = $( COWPI LER) $( COVPI LEFLAGS) \
$( OPENVASKFLAGS) $( PERFORVERI NCLUDES) -g - @@

LINK = $(LI NKER) $(LI NKFLAGS) -L/usr/lib/libpfdb -W,-noinhibit-exec

INCDIR = -1../inc\
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-1 $( OpenMASKDI R) / ker nel /i nc \

-1$(OpenVASKDI R)/ contri b/ 3DVi s/inc \

-1 $( OpenMASKDI R)/ contri b/ 3DVi sPartners/inc \

-1 $(OpenVASKDI R)/ cont ri b/ user Types/ mat h/ i nc \

-1 $( OpenMASKDI R)/ cont ri b/ user Types/ events/inc \

-1 $(OpenMASKDI R) / cont ri b/ 3DVi sl nput Handl er s/ mat h/i nc \
-1$(OpenVASKDI R) / cont ri b/ 3DVi sl nput Handl er s/ swi tch/inc \
-1 $(PCCTSDI R)/ h

OBJ = ShiftedForTutorial.o
TARGETLI BNAME = $(M/ApplicationDIR)/lib/libTutorial.so

%0 : %cxx
$(COWILE) $(INCDR) -c $< -0 $@

$( TARCGETLI BNAVE) :  $( OBJ)
$(LINK) $(0BJ) -0 $@

cleanal | :
rm-rf ii_files/ *.o $( TARGETLI BNAME)

443 Maodifying the main.cxx file, its associated M akefile, and a configuration file

4431 C++codetoadd inthe main.cxx file

#i ncl ude <ShiftedForTutorial.h>

control |l er - >addl nst anceCreat or ("ShiftedForTutorial ",
new PsSi npl eSi nul at edCbj ect O eat or <Shi ft edFor Tutori al >) ;

4.4.3.2 C++codetoadd inthe Makefilefile

INCDR = ...
-1 $(Tutorial Mdul esDIR)/inc \

SO = ...
$(M/ApplicationDIR)/lib/libTutorial.so\

4.4.3.3 Codetoaddinaconfigurationfile
Wi t eCone {
Cl ass ShiftedForTutori al
Schedul i ng {
Frequency 75

User Parans {
geonet ryFi | eNane ../ Dat a/ Wi t eCone. pfb
ref erenceNane Tracker
ref erencePosi ti onName position
referenceO i entati onName orientation
positionOfset [-5 0 0]
orientationOfset [0 0 0]

}

}

5 VR-OpenMASK from acontributor point of view: a new interaction set

We present here the communication principles between interactive objects and interaction tools we have to
teach to these objects a common communicaion protocol in order to dlow them to establish dynamic
connections between them, so enabling the interaction tools to manipulate the interactive objects.
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5.1 Theadapters. they allow to make interactive an existing simulated obj ect

This can be redized a posteriori, if the smulated object follows some defined rules. In that case, we can use
some classes that will teach a smulaed object the communication protocol alowing this object to be
manipulated by another one.

511  Ruleswhich must berespected for the objectsthat must be madeinteractive

Firg, in order to dlow an object to be interactive using our adapters, the designer of a smulated object class has
to dore the date of its Smulated object into control parameters. The adapters will be able to override the values
of some of these control parameters during the interactions.

Then, the designer has to slit the compute method of this class into 3 methods computelnputs,
computeParameters and computeOutputs.  Typicaly, an adapter will override the computelnputs and
computeParameters methods to teke the interactions into account thanks to new inputs, caculating new vaues
for some control parameters, and letting the initiad compute outputs provide the new outputs values thanks to the
control parametersvalues.

5.1.2  Functioning principleof an adapter

The adapters are a set of C++ template classes that know how to respond to a request for interaction and what to
do then in order to make the interaction possible The principd classes are cdled protocol teechers, they are in
charge of the communication protocol, so they know how to initiste and how to finish an interaction, but, in
order to be the most generic possible, they do not possess the knowledge of how the interaction behaves, it is
dedegated to aconnector.

To redlize that, a protocol teacher is associated to an ingtance of a class that is able to provide a connector that
knows wha to do when accepting or finishing an interaction. The connector provider is ale to change
dynamically this connector, thus dlowing the interactive object to behave differently during a simuldtion
session, according to its needs.

_________________

—P N — P pssimulatedObject
1

Protocol Teacher

Connector Provider

AbstractConnector

Figure 5. Class diagram of the main classesinvolved in the process to make interactive asimulated object
513 Examplesof exiging adapters

5.1.3.1  TheProtocol Teacher class

This class implements the interactive object side of a basc communication protocol for interaction, without
knowledge about the exact nature of the interaction feither the types of the parameters to control nor the way
the vdues will be cdculaed), it only knows the numbers of parameters to control (indicated by a template
parameter). It knows how to answer to messages like “Control takeover”, “Control releass’, “changeConnector”.
Its policy is to dways agree to a request for control takeover by an interactor, sending it a “Control takeover
acceptance” message, S0 it sometimes needs to end the current interaction by sending a “Control takeover end”
to the current interactor before accepting a new one. It dso dways accepts the release of the control by sending a
“Control release acceptance” to the current interactor.

When agreeing an interaction, it asks its associated ConnectorProvider to obtain a connector thet will be able to
create new inputs to this ProtocolTeacher and to connect them to the corresponding outputs of the interactor
asking for interaction.

Then, at each smulation step, during its compute method, the Protocol Teacher will invoke:
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its computdnputs method, which first invokes the computelnputs method inherited from the initia
encapsulated object, and then invokes amethod of its associated connector ableto read its new inputs;

its computeParameters method, which in its turn invokes the computeParameters method inherited from
the initid encapsulated object, and the invokes a method of its associated connector able to override the
values of some control parameters according to the values of the new inputs provided by the interactor
currently in interaction;

its inherited computeOutputs method, which will provide new output values according to the new
vaues of the control parameters.

This class cannot be used as is, it has to e derived in order to be able to choose properly the number and types
of the parameters of theinitial object to control.

5.1.3.2  The DoubleProtocol Teacher class

This class inherits from the ProtocolTeacher class, and alows interading with an object in order to teke control
of a most two of its control parameters. It is often used to control the position and orientation of objects.

5.1.3.3  The ConnectorProvider class

This abstract dass defines what is needed to be able to provide a connector to a ProtocolTeacher. Initidly, the
choice of this connector is made according to a dedaration in the parameters of the ProtocolTeacher, or
according to a defalt vaue if there is no such declaaion in the configuradion parameters of the
Protocol Teacher. Then this choice of connector can evolve dynamicdly according to the decison of the end-
user, who is able to change interactively the current connector associated to an interactive object, in order to
make it behave differently, by sending a*“changeConnector” message to the Protocol Teacher.

In this class, the changeConnector method is pure virtud, so it hasto be defined in aderived class.

5.1.3.4  TheDoubleConnectorProvider class

This dass inherits from the ConnectorProvider class, and defines its changeConnector method, thus proposing
severa connectors: SimpleConnector, DoubleConnector and ConstraintDefaultAdaptorOffset.

5.1.3.5 Some connectors

We propose severd connectors, which can be used with our default ProtocolTeacher, but which could dso be
used by other kinds of protocol teacher.

5.1.35.1  The SmpleConnector class

This class dlows an interactor to override the vaue of one control parameter of one interactive object during one
interaction. The type of the control parameter is a template parameter, so it can control any kind of parameter. It
is often used to control the position or the orientation of an interactive object, but can aso be used for example to
control itsscale or itscolor.

5.1.3.5.2 TheDoubleConnector class

This class dlows an interactor to override the vaues of two control parameters of one interactive object during
one interaction. The types of the control parameters are template parameters, so it can control any kind of
parameters. It is often used to control the position and the orientation of an interactive object.

5.1.3.5.3 The ConstraintDefaultAdaptorOffset class

This class dlows a user to overide the vaue of two control parameters of one interactive object during one
interaction. The types of the control parameters are PsTrandation and PsHPRRotation, and they can be
congrained between two vaues for each of the Sx degrees of freedom.



Virtual Concept 2003 Biarritz - France November, 5-6-7

514  Howtousean adapter
Figure 6. How to use an adapter to make interactive asmulated object
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5.1.4.1 Dedadioninthemainfile

To dlow the ingtantiation of interactive object, we have to associae to a symbolic name the ingtantiation of an
object encgpsulated within a protocol teecher. For example, in order to make intgactive an instance of the
MotionLess class, to dlow teking control of its position and orientation parameters, we have to write the
following C++ ingruction in the main.cxx file :
controller->addl nstanceCreator ("InteractiveShiftedForTutorial",
new PsSi npl eSi mul at edQoj ect Cr eat or

<Doubl ePr ot ocol Teacher
<Shi ftedFor Tutorial, PsTranslation, PsHPRRotation> > ());

5.1.4.2 Dedarationintheconfigurationfile

To dlow the correct ingtantiation and initidization of an interactive object, we have to provide the same vaues
than those needed by the initid object, and adso to provide new vaues dedicaed to the adapter. We can choose
ether to take control of the offsets for postion and orientation of the object relaively to its reference (the result
of the interaction will be persgtent), or to take control of its position and orientation (but the effects of the
interaction will cease a the end of the interaction).

Wi t eCone {
Class InteractiveShiftedForTutori al
Schedul i ng {
Frequency 75
}

User Par ans {
geonet ryFi | eNane ../ Dat a/ whi t eCone. pfb
ref erenceNane Bl ueCone
ref erencePosi ti onNanme position
referenceOrientati onNane orientation
positionOffset [-5 0 0]
orientationCOfset [0 0 O]
/] adaptor’s paraneters
connect or d assNane Doubl eConnect or
cont rol Par amet er Nanes [ position orientation]
interactorQuput Nanes [interactorPosition interactorOrientation]
adapt or Awar enessKi nd [ boundi ngBox]
adapt or | nt er act i veAr eaAwar eness no
adapt or Awar enessNode DCS_position

}

Yel | owCone {
Cl ass ShiftedForTutori al
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Schedul i ng {
Frequency 75

User Par anms {
geonet ryFi | eName ../ Data/ yel | owCone. pfb
ref erenceNane Bl ueCone
ref erencePosi ti onNanme position
referenceOientati onName orientation
positionOffset [5 0 0]
orientationOfset [0 0 0]
/] adaptor’s paraneters
connect or d assNane Doubl eConnect or
control Paranet er Nanes [positionOfset orientati onOffset]
i nteractorQuput Names [interactor Position interactorOientation]
adapt or Anar enessKi nd [ boundi ngBox]
adapt or | nt er act i veAr eaAwar eness no
adapt or Awar enessNode DCS position

}
}

5.2 Theinteractors. they allow to learn theinteraction protocol to an interaction tool

The interactors are symmetrica to the adapters: they are a set of C++ template classes which know how to ask
for interaction to an interactive object, and which kind of outputs are needed by these interactive objects in order
to propose new values for some of their control parameters.

So, they are in charge of the communication protocol: they know how to initiate and how to finish an interaction,
but, in order to be the most generic possible, they do not possess the knowledge of how it is possible to sdlect an
interactive object in order to interact with it. Thus they are in charge of teaching the interaction communication
protocol to avirtud pointing or selecting device.

note fare une nouvdle démo, avec les outils virtuds en plus par rapport & la démo précedente, sans partage
dinteraction sur un méme objet

521  Functioning principleof aninteractor

! \irtuaDevice | P pssimulatedObject

Interactor

VirtualDriver Picker

EventHandler

Figure 7. Class diagram of the main classes involved in the process to create an interaction tool

We suppose that a virtud interaction tool is only a virtud device able to sdect an object in a virtud universe and
to propose new vaues for some control parameters of this object. An interaction tool must be strongly separated
from the physica devices that can be used to trigger and contral it, in order to be able to change these physica
devices eadly, or even to emulae them. It must dso be strongly separated from the communication protocol, in
oder to be ale to control different kinds of interactive objects that implement different communication
protocols for interaction.

So, an interactor will have to teach a communication protocol to such a virtud interaction tool: it will be a C++
template class encagpsulating the virtua device, aile to process some messages from the interactive objects. It
must dso be able to process messages from an associated object in charge of the triggering of the sdection on
the objects, and to process messages from an associated picker object.
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522  Ruleswhich must berespected for an interaction tool to use with an interactor

5.22.1  ProvidingadoPick method

In order to be encapsulated within an interactor, an interaction tool must implement a doPick method, which am
isto try to obtain the name of the smulated object to be controlled.

5.2.2.2  Providing an interactorConnection method

The interaction tool has dso to provide an interactorConnection method, which is in charge of the correct
initialization of the values that will be provided to the smulated object to be controlled.

This method has severa parameters. the values of the @rameters to contral at the time of the control takeover, in
order to be able to compute the good values to override the control parameters of the object in interaction.

523  Examplesof interactorsand interaction tools

5.2.3.1 TheNInteractor class

This class implements the interactor sSde of the basic communicetion protocol that the ProtocolTeacher can
understand.

It is ale to process some messages from the interactive objects like “ Control takeover acceptance’, “Control
release acceptance’, “Control tekeover end” , “Control releass”, “Control tekeover denid”. It is adso be able to
process messages from an associated object in charge of the triggering of the sdection on the objects “Trigger”,
and to process messages from an associated picker object: “picked” and “noPicked”.

When the interactor receives the “Trigger” message, it triggers the doPicking method of the virtud interaction
tool. Then, according to the result of the picking, it will receive either a “noPicked’ or a “picked” message. If it
receives a “noPicked” message, it will end the current interaction if there is one, by sending a “Control relesse’
message to the object currently in interaction. If it receives a “picked” message, it will try the same way to end
the current interaction if there is one, and then, it will send a “Control takeover” message to the picked object,
unlessthis object was dready in interaction before the picking result.

As the ProtocolTeacher class, this class cannot be used &s is, it has to be derived in order to be able to choose
properly the number and the types of the parametersto control.

5.2.3.2  The Doublelnteractor class

This class inherits from the Ninteractor class, and enables the control takeover of a most two control parameters
(usudly the position and orientation of asmulated object).

It defines the outputs that an interactive object will need for a control tekeover, and the associated
computeOutputs method that will provide values for these outputs according to the values of control parameters
that the encapsulated interaction tool will compute, according to its own associated behavior.

5.2.3.3 Someinteraction tools

We present here some virtua interaction tools that can be used with the Doubl el nteractor class.

5.2.3.3.1 TheVirtuadRay class

It needs a support: it can be a driver for a physcd 3D device (3D magnetic captor) or any smulated object able
to provide aposition and an orientation, so it isrealy independent from any physica device.

It needs dso an associated picker, able to provide the name of a smulated object in response to a picking
request. The most commonly used picker isthe 3D interactivevisudizer.

So it implements the doPick method, by sending to its associated picker a “3DPick” message parameterized by
the position, the orientetion and the length of the virtud line used to do the 3D picking.

It needs dso an associaed behavior: it is the way the virtud ray cdculates the new values that should override
the values of the control parameters of the object in interaction with. We provide a RayBehavior, which propose



Virtual Concept 2003 Biarritz - France November, 5-6-7

new values of postion and orientation so thet the object in interaction stays aways a the same place relatively to
thevirtua ray, i.e. the object stays stuck upon thevirtua ray.

5.2.3.3.2 TheVirtualHand class

It inherits from the VirtuaRay, and overrides only the doPick method, which sends a“multiPick” message to its
associated picker, parameterized by the postion and the orientation of the 3D point from which must leave the
virtud lines for the multi directional picking: it defines the haf-sphere within which the objects are searched, as
itisalso parameterized by theradius of this sphere.

5.2.3.3.3 TheVirtud3DCursor class

Like the VirtudHand class, the Virtud3DCursor class inherits from the VirtuaRay class and overrides the
doPick method. This method sends an omniPick message, parameterized by the postion and the radius of the
sphere within which thisomni directiona picking occurs.

524 How to use an interactor
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Figure 8. Example of interactor: avirtud ray

5.24.1 Dedadioninthemainfile

To dlow the ingantition of a virtud interaction tool, we have to associate to a symbolic name the ingtantiation
of an object encapsulated within an interactor. For example, in order to enadble a virtud ray to control the
postion and the orientation of an interactive object, making the controlled object atached to the virtud ray, we
have to write the following C++ ingtruction in the main.cxx file:

controll er->addl nstanceCreator (“Virtual Ray”,

new PsSi npl eSi mul at edObj ect Cr eat or
<Doubl el nt er act or
<Virtual Ray <RayBehavior>, PsTranslation, PsHPRRotation> > ()) ;

5.2.4.2 Dedarationintheconfigurationfile

To dlow the correct ingtantiation and initidization of a virtua interaction tool, we have to provide some vaues
needed by the virtua interaction tool, and aso to provide new vaues dedicated to the interactor:

bl ueVirtual Ray {
O ass Virtual Ray
Schedul i ng {
Frequency 75
}

User Par ans {
/] Virtual Ray's paraneters
geornet ryFi | eNane ./ dat a/ bl ueRay. pfb
posi ti onToFol | ow [ raySupport position ]
orientationToFol | ow [raySupport orientation]

associ at edPi cker vis
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/1 Doublelnteractor's paraneters

t ar get Posi ti onPar anet er proposedTar get Posi ti on
target Oientati onParaneter proposedTargetOrientation
i nteractorPositionCQutput interactorPosition
interactorOientati onQutput interactorOientation

}
}

To have a trigger for this virtud ray, we can use for example an InteractorTrigger, which is here a filter for a
serid mouse driver, and which responshility is to send a “Trigger” message to its associated interactor when the
user press the left button of the mouse.

bl ueVi rtual Rayl nt eract or Tri gger {
Class InteractorTrigger
Schedul i ng {
Frequency 75
}

User Par ans {
associ at edl nteractor bl ueVi rtual Ray
associ at edMbuse t heMouse

}

We can adso use another object, which subscribes to X11 events, and which process the LeftButtonPressed event
by sending a “2DPick” message to its associated picker, and then by sending a “Trigger” message to the object
associated to a“ picked” message from this picker.

xMouseTri gger A {
Cl ass XMouseTri gger
Schedul i ng {
Frequency 75
}

User Par anms {
associ at edPi cker visA
}

}

5.3 Howtocreate new adapters

For example, if we want to alow severa people to share control upon an interactive object, we have to create a
new adapter, which will be able to accept severa control takeover, at the sametime, from different interactors

53.1  TheDoubleMultipleProtocol Teacher class

This class inherits from the DoubleProtocolTeacher class and overrides the processing of the ControlTakeover
messagein order to alow severa interactorsto interact simultaneoudy with one interactive object.

It overides dso the type of the connector provider to be used: a DoubleMultipleConnectorProvider ingtead of a
DoubleConnectorProvider.

Lag, it overides the default connector to be employed: a DoubleMultipleConnector instead of a
DoubleConnector.

5.3.2  TheDoubleMultipleConnector Provider class

This class inherits from the DoubleConnectorProvider class, and overrides the changeConnector method in order
to be able to provide a DoubleM ultipleConnector.

533  TheDoubleMultipleConnector class

This class inherits from the DoubleConnector class and dlows severd interactors to be in interaction at the same
time and combine their proposed values to override the values of two control paameters of the interactive object
during interaction. The types of the control parameters are PsTrandation and PsHPRRotation, so it is used to
alow severd usersto combine their effortsto control the position and the orientation of an interactive object.

5.4 How to provide different behaviorsto a virtual tool

In order to dlow proposng different vaues to control an interactive object, we can associate a different behavior
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to the VirtuaRay. This behavior must propose vaues for the outputs corresponding to those of the VirtuaRay
(the same than for the RayBehavior), and for the outputs corresponding to what is proposed to the simulated
object in interaction.

So, it has to define the interactorConnection method (to do the correct initidizations) and the computeParameters
method (to provide different values).

For example, the FallBehavior class proposes vauesto the object in interaction by diminishing its dtitude.

Writing these C++ linesin the main.cxx file can then create such anew interactor:

controll er ->addl nstanceCreator (Virtual RayWthFall Behavi or,
new PsSi npl eSi mul at edCbj ect Cr eat or
<Doubl el nt er act or
<Vi rtual Ray<Fal | Behavi or>, PsTransl ation, PsHPRRotation> > ())

5.5 How tocreate new interactors

The traditiond interaction tools encapsulated by Doublelnteractor can take control of a basic interactive object
adapted by a DoubleProtocol Teacher, and aso of an object adapted thanks to a DoubleMultipleProtocolTeacher.
But in this later case, if severd interactors share the control of an interactive object, they may have difficulties
about understanding how the interaction works.

For example, if two classcd virtud rays, with ray behaviors, share an interagion upon an object, contralling
together its position and orientation, the object's position and orientation will be the average of the postions and
orientations proposed by these two rays, so the object will not be stuck to any of these rays, and the wsers may
wonder why their rays do not behave asusual.

It can be interesting to provide to such users a new virtua ray, with a particular 3D rendering to make the users
aware of the sharing of interaction upon a shared object: for example a line adjusted to make a link between the
position where the shared object is and the position where it should be if this virtud ray was the only one in
interaction.

Basicdly, this new interactor behaves like the Doublelnteractor, s0 we can easly propose a
DoubleM ultiplel nteractor, which could provide this awvareness dedicated to shared interactions.

Thus, the DoubleMultiplelnteractor class we propose inherits from the Doublelnteractor class. It creates two new
outputs for the absolute values proposed to the object in nteraction with, and it crestes a new smulated object
dedicated to make the usexr aware of the difference between the vaues proposed by the interactor and the
effective ones of the object in interaction. Here, this object will be a cylinder able to link two 3D positions. This
object will have to be created a the time of the control takeover of the interactive object, and to be deleted at the
time of the control release. This cylinder will be connected to the new absolute postion output of the interactor
and to the pogtion of the controlled object. Last, the behavior of the interactor will override the behavior of the
Doublelnteractor, in order to compute new values for its new outputs.

Writing these C++ linesin the main.cxx file can then create such anew interactor:
control |l er - >addl nstanceCreator ("Ml tipleVirtual Ray",
new PsSi npl eSi nul at edObj ect Cr eat or

<Doubl eMul ti pl el nt er act or
<Vi rt ual Ray<RayBehavi or >, PsTransl ati on, PsHPRRotation> > ())

To be more generic, this DoubleMultiplelnteractor could be parameterized by an object in charge of the creation
of the object in charge of providing the awareness for sharing interactions, so that it would be independent from
the type of the parametersto control.

6 Conclusion

In this tutorid we have tried to present the main features of VR-OpenMASK from different points of views:
from the one of a project manager toward the one of a VR-OpenMASK contributor. Thus, we have seen different
levels of detall of the VR-OpenMASK structure, and we hope that the people who will read this tutoria will find
indde it the materid to better understand, at the level of knowledge they are interested in, the capabilities of our
platform.

For further information about OpenMASK, go to the officid webste: http://www.openmask.org/.

If you need an answer while developing an OpenMASK gpplication, consult the OpenMASK’s mailing list
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achive a https.//www.irisafr/iwws/info/openmask.users or ask for information to the OpenMASK developers
through the mailing list. You will have to register yoursalf by sdecting the “Subscribe’ option, you will be asked
for your E-mail address, and you will receive afterwards by mail your member’ s password.

Thefollowing links may be useful to get information about some the OpenMASK’ s components.

Officid OpenGL Performer home: http://www.sai.comy/software/performer/.

OpenGL Performer manuals: http://www.sgi.com/software/performer/manua s.html.

Open Inventor home: http://www.sgi.com/software/inventor/.

Open Inventor manuas: http://www.sgi.com/software/inventor/manuals.html.

PVM home: http://www.csm.ornl.gov/pvm/pvm_home.html.

PCCTS home: http://www.polhode.com/pccts.html.

Doxygen home: http:/mww.doxygen.org/.
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