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A complex distributed application with real timeA complex distributed application with real time
constraintsconstraints
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Large VR ApplicationsLarge VR Applications



Large VR ApplicationsLarge VR Applications

 CriticalCritical  ProblemsProblems::

 Code Code couplingcoupling, code re-use, code re-use
 AggregatationAggregatation of  multiple ressources (performance of  multiple ressources (performance

vs vs complexitycomplexity))

Use a middleware to alleviate both problems



Middleware SolutionMiddleware Solution

 Requirements:
 Modularity (hundreds of components)
 Interactivity (10-1000Hz)
 Parallel code coupling  (efficient communications)  (efficient communications)







FlowVRFlowVR

PCCPCC
InteractivityInteractivity
ModularityModularity

C. B.C. B.ParallelismParallelismVRVR



FlowVRFlowVR

 ModularityModularity: component : component basedbased
 Modules: minimal modification of Modules: minimal modification of availableavailable  programsprograms..
 ClearClear  separationseparation  betweenbetween  thethe modules  modules andand  thethe application application

network.network.

 Performance:Performance:
 Zero-copyZero-copy  sharedshared  memorymemory..
 Distribution Distribution schemesschemes  inspiredinspired  fromfrom  parallelismparallelism, , adaptedadapted to VR to VR

 InteractivityInteractivity: : lowlow  latencylatency  andand  highhigh  frameframe rate rate



FlowVRFlowVR

An application = An application = ModulesModules +  + NetworkNetwork
 Modules Modules : a computation : a computation looploop

 ExecutedExecuted  outsideoutside  FlowVRFlowVR ( (ownown  processprocess))
 Not Not awareaware of  of thethe existence of  existence of otherother modules modules

 Network Network ::
 A A dataflowdataflow  graphgraph
 ConnectConnect modules  modules andand  definedefine how messages are how messages are

processedprocessed



FlowVRFlowVR Modules Modules

 Module API:Module API:

 MessagesMessages
 BufferBuffer: : payloadpayload
 StampsStamps: : light-weightlight-weight data (time  data (time stampstamp, , boundingbounding box) box)

wait()
get(in)
Computation
put(out)

in

out

module



ConnectionConnection

Routing NodeRouting Node

FiltersFilters
(select the most recent(select the most recent

message)message)

SynchronizerSynchronizer
 (ensure filters select the (ensure filters select the

common most recent message)common most recent message)

FlowVRFlowVR Network Network

A VR pattern:A VR pattern:
Coherent GreedyCoherent Greedy





Simulation:

• Parallel Navier-Stokes solver based on a 2D
mesh

• Each process

• has one piece of the mesh

• at each iteration

•exchange values on the mesh borders

•compute a new state

•• Programmed withProgrammed with
MPI (or other)MPI (or other)



Native (MPI)
communications
are transparent
for FlowVR







Module launching commands























FlowVR FlowVR :  :  Deamon Deamon basedbased
• In charge of the network

• Modules <-> Deamon : Shared memory

• Local communication: pointer exchange



VR Patterns VR Patterns –– Control Control

 Stop/Stop/StartStart Control Control
 ActivateActivate or  or disactivatedisactivate part of  part of thethe application application

 FrequencyFrequency Control Control
 RegulateRegulate a module  a module frameframe rate rate



Example Example of Applicationof Application

Multi Camera Acquisition

Parallel 3D Modeling

Multi-projector Visualization

…

…Background Subtraction



Multi Camera Acquisition

Parallel 3D Modeling

Multi-projector Visualization

Voxels

Carving

Background Subtraction



Parallel 3D Modeling

Multi-projector Visualization

Voxels

Carving EDT

Rigid Body Simulation

Multi Camera Acquisition

Background Subtraction



Application NetworkApplication Network

 Module Module ReplicationReplication
 AcquisitionAcquisition
 Background Background SubtractionSubtraction

 Module Module ParallelisationParallelisation
 ReconstructionReconstruction

 Coherent GreedyCoherent Greedy
 RenderingRendering



Application NetworkApplication Network

 Module Module ReplicationReplication
 AcquisitionAcquisition
 Background Background SubtractionSubtraction

 Module Module ParallelisationParallelisation
 ReconstructionReconstruction

 Coherent GreedyCoherent Greedy
 RenderingRendering

Network script: 100 Network script: 100 lineslines



Large Large Scale Scale ApplicationApplication

 Module pool: 20 modules (Module pool: 20 modules (basedbased on  on existingexisting
codes)codes)

 Network script: 1000 Network script: 1000 lineslines
 Code re-use: 4 Code re-use: 4 personspersons  duringduring 6  6 monthsmonths

 ExecutionExecution on Grimage: on Grimage:
 200 200 processesprocesses  automaticallyautomatically  launchedlaunched
 4000 connections4000 connections
 500 500 filtersfilters ( (fromfrom  variousvarious VR patterns) VR patterns)



Flowvr-renderFlowvr-render

 A layer A layer built built on top of on top of Flowvr Flowvr to transportto transport
graphics graphics primitives.primitives.



Physical-Based Physical-Based AnimationsAnimations

 Issue: how toIssue: how to  build build a large a large animated scene animated scene in ain a
mdoular and mdoular and efficient efficient way way ??

 Flowvr-VR InteractFlowvr-VR Interact::  AA  framework framework forfor
distributed physical-based distributed physical-based simulation simulation based based onon
2 main components:2 main components:
 Animators Animators : store : store and and update update object propertiesobject properties
 Interactors Interactors : : compute compute forces forces that apply that apply to an to an objectobject



Physical-Based Physical-Based AnimationsAnimations

Object Object descriptiondescription  (position,(position,
speed,masse, speed,masse, etcetc.).)

List of forces to List of forces to applyapply

Compute Compute forcesforces

UpdateUpdate  object propertiesobject properties



Physical-Based Physical-Based AnimationsAnimations



Physical-Based Physical-Based AnimationsAnimations



ConclusionConclusion

 FlowVRFlowVR::
 An An empty shell empty shell : MPI, : MPI, JiggleJiggle, VTK, VR , VTK, VR JugglerJuggler, QT, VRPN, QT, VRPN
 Learning curveLearning curve: 2 : 2 weeksweeks

 ModularityModularity::
 Favor Favor code re-usecode re-use

 EfficiencyEfficiency::
 Shared memory and Zero Shared memory and Zero copy copy protocolprotocol
 Advanced distributed Advanced distributed network network schemesschemes

 ScalabilityScalability::
 Up to 54 Up to 54 processors processors ((going going for 200 for 200 hundredshundreds))



Grimage Grimage PlatformPlatform

 GrImageGrImage::
 Display Display WallWall::

 16 16 Video-projectorsVideo-projectors

 PC Cluster (54 PC Cluster (54 processorsprocessors))
 15 Cameras15 Cameras

 MarkerlessMarkerless 3D  3D ModelingModeling
[IPT04][IPT04]

 Interactions Interactions betweenbetween  thethe
virtualvirtual world  world andand  thethe  actoractor



InformationInformation

 FlowVRFlowVR  –– 1.2 1.2
 http://flowvr.sf.nethttp://flowvr.sf.net

 GrImageGrImage
 http://www.inrialpes.fr/sed/grimagehttp://www.inrialpes.fr/sed/grimage

To To comecome  soonsoon::
 Flowvr-RenderFlowvr-Render: : shadershader  basedbased  distributeddistributed

renderingrendering (IEEE Vis 2005) (IEEE Vis 2005)
 Flowvr-mplayerFlowvr-mplayer: : parallelparallel  videovideo  playerplayer


