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Overview

� Motivation
� Theoretical backgroundfor multimediamiddleware
� Network-IntegratedMultimediaMiddleware (NMM)

� Generaloverviewandbasicconcepts
� Middleware services
� Applicationscenarios for networked multimedia
� Lessonslearned

� How to set up your networked multimedia
application?

� Summary, future work & discussion
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Motivation

Internet Multimedia
PC

camera display

Mobile
phone

PC

Set-top
box

Hi-fi
equipment

VCR

PDA

� PC-centricapproach(back in 2000,today?)
� Stand-alonemultimedia-PC
� Streamingprede�nedcontent from the Internet
� Many other multimediadevices

) Unexploitednetworking capabilities
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Distributed Multimedia

� Watch TV on PC usingTV receiverin the living room
� Accessandcontrol remotedevice?

� Display videoon largescreen,play audioon PDA
� Synchronizeaudio/video?

� Rendermediaon severalsystems
� Shared accessto devicesandmedia?

� Adapt mediato capabilitiesof devices
� Distributeworkloadwithin network?

� ...

) Ubiquitousandseamlessrich multimediaaccess
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Client/Server Streaming

Operating
system

Server

Operating
system

Network

Client

System 1 System 2

� Traditionalclient/serverstreaming) Black-box
� Locateserver?Activateserver?Connectionsetup?
� Providedfunctionality? Streameddata format?
� Con�gureandcontrol server?
� Extendfunctionality of client andserver?
� Complexapplicationscenarios?
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Beyond Client/Server

� You canrealizedistributedmultimediaapplications
usinga client/serverapproach,but ...

) It's not a questionof\if " { it's a questionof\how"

) Generallysolvechallenges

) Providesuitableabstractionsandprogrammingmodel

) Easy, e�cient developmentof distributedapplications

) Middleware
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Middlew are

Operating
system

Application

Middleware

Operating
system

Network

System 1 System 2

� Distributedsoftware layer
� Betweendistributedsystemsandapplications

� Transparency
� Network transparencyhidesthe physicallocation
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Motivation

 

........................................................................

Internet Multimedia
PC

camera display

Mobile
phone

PC

Set-top
box

Hi-fi
equipment

VCR

PDA

) Network-IntegratedMultimediaMiddleware (NMM)
� GNU/Linux (x86 PCs/ARM PDAs), LGPL/GPL,C++
� http://www.net workmultimedia.org
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NMM

� Network-Integrated
� Transparently extendcooperationandcontrol to

network
� Multimedia(for GNU/Linux)

� Uniform accessto availabledriversand libraries
� Locallyoperatingmultimediaarchitectureaswell!

� Middleware
� Layer betweenapplicationsanddistributedsystems
� Serviceoriented

) Research project andOpen Sourceproject
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History

02/2001O�cial project start

03/2002Multimediacourse:Developmentof plug-ins

06/2002First Open SourcereleaseNMM 0.0.3

06/2002StreamedFIFA Football World Cup

11/2002First recordings:ComputerGraphicscourse

03/2003CeBIT:Multimedia-Box andPDAs

03/2004CeBIT:Networkedandsharedhome-entertainment

04/2004c't GNU/LinuxdistributionincludingNMM

10/2004Latestmajor releaseNMM 0.7.0

1/2 research assistants,4-8 students
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Overview

� Motivation

� Theoreticalbackgroundfor multimedia
middleware

� Network-IntegratedMultimediaMiddleware
(NMM)

� Generaloverviewandbasicconcepts
� Middleware services

� Applicationscenarios for networked multimedia

� Lessonslearned
� How to set up your networked multimediaapplication?

� Summary, future work & discussion
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Multimedia Flow Graphs

File
Reader

MPEG
Audio

Decoder
Audio

Playback

� Independentprocessingelements
� Multimediadata is forwarded\downstream"

� Generatedat source,processed,consumedat sink
� Parallel anddistributedprocessing
� Modularity andreuseof functionality
� Newfunctionality by providingnewelements
� Simpleand intuitive abstraction
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NMM Flow Graphs

� Nodesassmallestprocessingunits
� Jacksto connectnodes
� Formats to type connections
� Interfacesto control objects
� Messagesto forward mediadata or control information

Generic
Read
Node

Output
Jack

audio/mpeg audio/raw

Application

Output
Jack

Input
Jack

Input
Jack

MPEG
Audio

Decode
Node

Playback
Node
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NMM Flow Graphs

� Nodesassmallestprocessingunits
� Jacksto connectnodes
� Formats to type connections
� Interfacesto control objects
� Messagesto forward mediadata or control information

INode

Application
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Node
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E E E

Generic
Read
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downstream
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Distributed Flow Graphs

� NMM 
o w graphsare distributed
� Local andremotenodescanbe controlledand

integratedinto a common
o w graph
� Transparent for developers,no overheadfor all

colocatedparts of 
o w graph
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NMM Architecture

Node

Application
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NMM Architecture

Node

Application

Network
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NMM Architecture

Proxy
Object

Node

Application

Network
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NMM Architecture
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NMM Architecture
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NMM Architecture
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Communication Channels

� Serializationand transport of objects
� E.g. Bu�ers, compositeevents,events

� Serializationstrategies
� Magicnumber, XML, ...

� Transport strategies
� Pointer forwarding, TCP, UDP, RTP, ...

� Local optimization
� Pointer forwarding or eliminationof communication

channel
� Scalabletransparency

� Automaticsetupvs. manualcon�guration
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NMM Architecture

� Simple,clear, anduni�ed design
� Nodesconnectedby jacksthat streammessages
� Uni�ed out-of-bandand instreaminteraction

� Integratingmicro-core architecture
� Middleware core pluscommunicationchannels
� Suitablefor heterogenousenvironments
� No overheadfor all colocatedcomponents

� Scalabletransparency
� Implicit andexplicitbinding

) Open meta-architecture
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NMM Nodes

� Di�erent typesof nodes& genericbaseclasses

Demux
Node

Mux
Demux
Node

Mux
Node

Filter /
Converter

Node

Source
Node

Sink
Node

) Easyto developnewnodes
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60+ Plug-ins

� Source
� CDDA, DVD/menus,WinTV PVR, KFIR, DVB, Firewire,

VISCAcameras,audiodevices,WAV, AVI

� Encoder/decoder/converter/�lter
� MPEGaudio,MPEGvideo,DivX, Ogg/Vorbis, SPU,PNG,

JPEG,RTJPEG
� Color space,videoscaler,on-screenmenus,deinterlacer

� Multiplexer/demultiplexer
� AVI, MPEG,OGM

� Sink
� Videooutput via X or OpenGL,audiodevices,WAV, AVI
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Overview

� Motivation

� Theoretical backgroundfor multimediamiddleware

� Network-IntegratedMultimediaMiddleware (NMM)
� Generaloverviewandbasicconcepts

� Middleware services
� Applicationscenariosfor networked

multimedia
� Lessonslearned

� How to set up your networked multimediaapplication?

� Summary, future work & discussion
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Application Development

� NMM easesthe developmentof distributedmultimedia
applicationsbecauseof ...

� Network transparency
� High-levelobject-orientedinterfaces
� Middleware services
� Intuitive ApplicationProgrammerInterface(API)

� Ruleof Matthias Ettrich (Founderof KDE
project): \A programmerwho doesnot know the
API shouldunderstandcode written againstit"
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helloworld

// MP3 player
// all nodesrunning locally

// create the node descriptions
NodeDescriptionread�le ( "GenericReadNode");
NodeDescriptiondecoder( "MPEGAudioDecodeNode");
NodeDescriptionaudioplay( "PlaybackNode");

// create a query for a 
o w graph
GraphDescriptiongraph;
graph.addEdges(&read�le, &decoder, &audioplay) ;
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helloworld

// requestcompletegraphfrom registry
NMMApplication� app=

ProxyApplication:: getApplication(argc, argv) ;
ClientRegistry& registry = app� > getRegistry();
registry.requestGraph(graph);

// set the �lename by requesting appropriate interface
INode� inode = graph.getINode( read�le) ;

IFileHandlervar �lehandler (inode� > getParentObject()
� > getCheckedInterface< IFileHandler> ());

�lehandler � > setFilename(argv[1]);
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helloworld

// realize and start graph
graph. realizeGraph() ;
graph.startGraph() ;

// wait ...

// stop completegraph
graph.stopGraph();

// releasecompletegraph
registry. releaseGraph(graph);
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helloNMM

// Distributed MP3 player:
// decoder and audiosink on remotehost "host2"
NodeDescriptionread�le ( "GenericReadNode");
NodeDescriptiondecoder( "MPEGAudioDecodeNode");
NodeDescriptionaudioplay( "PlaybackNode");

// NEW: set location for decoder and audiosink
decoder.setLocation( "host2") ;
audioplay. setLocation( "host2") ;

GraphDescriptiongraph;
graph.addEdges(&read�le, &decoder, &audioplay) ;
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Registry Service

� Administrateslocallyavailablenodes
� Queries

� Single(subset)of a node description,or
� Graphdescription

� Peer-to-peerapproachfor distributed
o w graphs

Generic
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MPEG
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Decode
Node

Playback
Node

localhost host2 host2

Name

Location

Registry

     
Network 

   

Registry

host 2

Registry

host 3host 1

Generic
Read
Node

MPEG
Audio
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Node
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localhost host2 host2

Name

Location
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Registry Service
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Application Scenarios

� Accessdistributedresources
� Distributedtranscoding
� Watch TV usingremoteTV receiver
� Control remoteTV receiver

Stationary system

Processing power

I/O capabilities
  

Stationary system

Processing power

I/O capabilities
  TV receiver

Stationary system

Distributed
  processing power

Distributed 
  I/O capabilities
  

Stationary system

Processing power

I/O capabilities
  TV receiver
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Application Scenarios

� RemoteTV receiver
� Local audioandvideorendering

Display
Node

Playback
Node

DVB
Read
Node

MPEG
Demux
Node

MPEG
Video

Decode
Node

MPEG
Audio

Decode
Node

host2 localhost

) Singleapplicationcontrollingdistributed
o w graph(com-

pare to client/serverstreaming!)
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clic

� Commandline interactionandcon�guration
� Settingup distributed
o w graphsfrom textual

descriptions
� ./clic < .gd �le > [-i < input �le > ] [-o < output �le > ]

� Examples

mp3play.gd:
GenericReadNode ! MPEGAudioDecodeNode! PlaybackNode

./clic mp3play.gd -i /home/bob/music/song.mp3
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remotetv.gd

% Watch TV using DVB receiverin remotehost

DVBReadNode #setLocation("host2")
$setChannel(1) INITIALIZED

! MPEGDemuxNode
f

f [ "mpeg video0"] ! MPEGVideoDecodeNode
! XDisplayNode

g
f [ "mpeg audio0"] ! MPEGAudioDecodeNode

! PlaybackNode
g

g
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GraphBuilder

� Automaticallycreatesdistributed
o w graphfor media
playback

� Distributedsource,audiosink,andvideosink
� Supported URLs

� �le, audiocd, dvd, tv, dvbtv, ivtv, mpegtv
� Examples

./clic -u dvbtv:///?channel=1

./clic -u dvbtv://host2/?channel=1 -V host3-A host4

Mobile Gaming { Bremen 2004 { p.31/60



Application Scenarios

� RemoteTV receiver
� Remoteaudioandvideorendering

Display
Node

Playback
Node

DVB
Read
Node

MPEG
Demux
Node

MPEG
Video

Decode
Node

MPEG
Audio

Decode
Node

host2

localhost

host3

host4
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Distributed Synchronization

� Strict separation
� Locally runningcontrollers
� Synchronizergloballyadjustslatencies

� Globalclock via network time protocol NTP

Synchronizer

SyncSinkNode

SinkController

SyncSinkNode

SinkController

Network/address space

InputJack

T
B TB B

T

InputJack

T
B TB B

T

B

Node

T
T

B

B

Node

T
T

B
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Applications

� amaroK { the audioplayer for KDE
� NMM playbackengineusesGraphBuilder
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Applications

� Virtual Courseroom Environment(VCORE)
� Record andbroadcastall aspectsof a talk
� Audioandvideostreamof the speaker, slides,

written text or annotations(SMIL)
� Successfullyusedat SaarlandUniversity since

winter 2002
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Multimedia-Bo x

� Goals(in April 2001)
� Networked multimediahomeentertainment
� Basedon commodity Linux PC hardware

� Developed completelyon top of NMM
� E.g. plug-infor on-screendisplay

� Seamlessintegrationof mobiledevices

) Driving force behindthe developmentof NMM
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Multimedia-Bo x
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Multimedia-Bo x

� CD-Player with CDDB support

� CD-Grabber and transcoding to MP3/OggVorbis

� DVD-Player with support for menus

� DVD-Grabber anddistributedtranscoding

� TV, time-shifting,accessto remotereceiver

� Videorecorder andElectronicProgramGuide(EPG)

� Mediaplayer with playlist

� Multi-tasking: watch TV whiletranscoding a DVD

� Controllablewith a remote-control

� Extensibleandcon�gurableapplicationframework (XML)
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Multimedia-Bo x

) Demo
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Collaborative Scenarios

� Number of userssimultaneouslyenjoys the same(or
similar) contentusingdi�erent devices

� \Drive-in cinema"
� Watch videoof DVD on largescreen
� Synchronizedplaybackon di�erent PDAs

Stationary system

DVD playback

Mobile system 1
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SessionSharing

� Servicethat allows to \overlap"running
o w graphwith
query

� E.g. shared accessto DVD, di�erent audiotracks
for mobiledevices
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Application Scenario

� Shared accessto TV, stationary andmobiledevice
� Transcoding neededfor mobiledevice
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� iPAQ H3870:320x240at 12-15fps
� Secondmobiledevicecanre-uselargesub-graph
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SessionSharing

� Tasklistwithin Multimedia-Box
� Locallyandremotelyrunningtasks
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SessionSharing

) Demo
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Dynamic Scenarios

� Useranddevicemobility
� Usecapabilitiesof surroundingenvironment
� Handoverof mediaplayback

� E.g. usehigh-�delity audiooutput

Stationary systemMobile system

MP3
playback
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SeamlessHandover

� Playbacksessionrunningon mobilesystem
� Handedoverto nearby stationary system
� Seamlessandsynchronizedhandover

� No loss,no duplicates,no interruption

Readfile
Node

Audio
Decode

Node
Playback

Node

Audio
Decode

Node
Playback

Node

Mobile system

Stationary system
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SeamlessHandover

) Demo
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Video Wall

ABCDE
Client 1 Client 2 Server

Network

Screen 1 Screen 2 Audio output

� Easyto con�gure usingNMM's clic
� Additionaldisplays canbe added
� Mobiledevicescanbe addedon demand
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Video Wall

) Demo/video
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Overview
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NMM supports...

� Any kind of distributed
o w graph-basedapplications
� Network transparent control andcooperationof

components
� Automaticsetupof distributed
o w graphs
� Synchronizedprocessing
� Shared distributed
o w graphsincludingshared control
� Seamlesshandover
� ... Interactivemultimediainstallations?
� ... Mobilegames?
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Mobile Games

� ErnestAdamson mobilegaming:
� \Incidentallymobile"games

� Canbe played equallywell on stationary
platforms

� Supported by NMM? Yes,but...

� \Essentiallymobile"games
� Mobility is a part of their gameplay
� Supported by NMM? Yes!
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Essentially Mobile Games

� M.A.D. Countdown (Ste�en Walz et al.)
� Participantsrun arounda buildingwith networked

handheldcomputerstrying to �nd a\b omb"
� M-Views(GloriannaDavenport et al.)

� Location-basedstorytelling
� Interactivecampustour

� Museumvisit
� Self-guidedaudiotour usingmobiledevice
� Usually:eachuserhasown timeline
� UsingNMM: simultaneousplaybackandshared

control
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Howto

� Idea?
� Content?

� Text, audio,audio/video,2D/3D graphics?
� Applicationsuitedfor distributed
o w graph?

� What con�guration of distributedprocessing
elements?

� What processingelements?
� Requiredprocessingelementsavailable?
� Useclic to quicklytest ideas
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Howto

� Synchronizedprocessing?
� SynchronizesystemclocksusingNTP
� Again,useclic

� Shared distributed
o w graphs?
� Again,useclic

� Shared control? Advancedinteraction?Graphicaluser
interfaces?

� Developapplicationon top of NMM
� Context-awareness,trackingof usersanddevices?

� Needto useadditionaltechnology
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Howto

� Be familiar with Linux (or �nd someonewho is)
� SetupLinux systems

� PCs,Laptops,PDAs, ...
� NTP

� Downloadand test pre-built versionsof NMM
� Or, compileNMM yourself
� Play aroundwith NMM's clic
� Subscribe to mailing-list
� Participate in Open Sourcedevelopment?
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Summary

� Network-IntegratedMultimediaMiddleware (NMM)
� Research project andOpen Sourceproject
� Realworld applications

� Uniquefeatures
� Open integratingmicro-core architecture
� Transparently distributed
o w graphs
� Automaticcreationof distributed
o w graphs
� Distributedsynchronization
� Sessionsharing service
� Seamlesshandover

) Enablingtechnologyfor ubiquitouscomputing
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Future Work

� Updateplug-ins
� deb/rpm packages
� Optimizationof current implementation
� Support for standard protocolslike SIP
� Intelligentdistributionof workload,e.g. for transcoding
� (Help with) support for other platforms
� (Help with) support for newapplicationscenarios
� (Help with) integrationinto KDE (and other projects)
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Discussion
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