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PC-centricappoach(backin 2000,today?)
Stand-alonanultimedia-PC
Streamingprede nedcontentfrom the Internet
Many other multimediadevices

) Unexploitedhetworking capabilities
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Watch TV on PC usingTV receivelin the living room
Accessand control remotedevice?

Display videoon large screenplay audioon PDA
Synchronizeaudio/video?

Rendemediaon severakystems
Shaed accesgo devicesand media?

Adapt mediato capabilitiesof devices
Distribute workload within network?

) Ubiquitousand seamlessich multimediaaccess
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< < i Client/Server Streaming

System 1 System 2
Server pp-----eeemieiiee--- l Client
Operating Operating
system system
| Network [

Traditionalclient/serverstreaming) Black-lox
Locate server?Activate server?Connectiorsetup?
Providedfunctionaliy? Streameddata format?
Con gure and control server?

Extendfunctionaliy of clientand server?
Complexapplicationscenaos?
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You canrealizedistributedmultimediaapplications
usinga client/serverappoach,but ...
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SN’ N N N N

You canrealizedistributedmultimediaapplications
usinga client/serverappoach,but ...

It's not a questionof\if " { it's a questionof\how"
Generallysolvechallenges
Providesuitableabstractionsand programmingmodel
Easy e cient developmenof distributedapplications
Middlevare
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System 1 System 2

Application

Middleware

Operating Operating
system system

Network

Distributedsoftware layer
Betweendistributedsystemsand applications

Transpaency
Network transpaencyhidesthe physicallocation
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) Network-IntegratedMultimediaMiddlevare (NMM)

GNU/Linux (x86 PCs/ARM PDAS), LGPL/GPL,C++
http://www.networkmultimedia.og
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Network-Integrated
Transpaently extendcooperationand control to
network
Multimedia(for GNU/LIinux)
Unifam accesgo availabledriversand libraries
_ocally operatingmultimediaarchitectureas well!

Middlevare
_ayer betweenapplicationsand distributedsystems
Serviceoriented

) Reserch project and Open Sourceproject
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02/2001 O cial project stat

03/2002 Multimediacourse:Developmenbf plug-ins
06/2002 First Open SourcereleaseNMM 0.0.3

06/2002 Streamed-IFA Football World Cup

11/2002 First recadings: ComputerGraphicscourse
03/2003 CeBIT: Multimedia-Boax and PDASs

03/2004 CeBIT: Networked and shaed home-entertainment
04/2004 c't GNU/LinuxdistributionincludingNMM
10/2004 Latestmaja releaseNMM 0.7.0

1/2 reseach assistants4-8 students
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Audio
Playback

File
Reader

Inde@endentprocessingelements

Multimediadata is forwarded\downstream"
Generatedt source processedconsumeadt sink

Parallel and distributedprocessing
Modulaity and reuseof functionaliy

New functionaliy by providingnewelements
Simpleand intuitive abstraction

Mobile Gaming { Bremen 2004 { p.12/60



COMPUTER GRAPHIK
UNIVERSITAT OW ra S
DES SAARLANDES

Nodesas smallestprocessingunits

Jacksto connectnodes

Formatsto type connections

Interfaceso control objects

Message$o forward mediadata or control information

Application

~MPEGN\
Output || Input Audio Output || Input [Playback
Jack Jack Decode Jack Jack Node

audio/mpeg audio/raw

Generic
Read
Node
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Nodesas smallestprocessingunits

Jacksto connectnodes

Formatsto type connections

Interfaceso control objects
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NMM Flow Graphs

Nodesas smallestprocessingunits

Jacksto connectnodes

Formats to type connections

Interfaceso control objects

Message$o forward mediadata or control information

INode ||IFileHandler

Generic
Read

Node

audio/mpeg

Application
INode INode
/'%E(\
Output || Input Audio Output | Input [Playback
Jack Jack Decode Jack Jack Node

audio/raw
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Nodesas smallestprocessingunits

Jacksto connectnodes

Formatsto type connections

Interfaceso control objects

Message$o forward mediadata or control information

Application
INode INode INode

out-of-band =
P downstream

Bl{Bl={ C Audio
Decode Bl={B

upstream \Node /

Generic
Read
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NMM ow graphsare distributed

Local and remotenodescan be controlledand
Integratedinto a common o w graph

Transpaent for develojrs,no overheador all
colocatedparts of ow graph

Application

INode INode INode

B

Output || Input Audio Output || Input [Playback
Jack Jack Decode Jack Jack Node

\Node /

Generic
Read
Node
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<« "t Distributed Flow Graphs

DES SAARLANDES

NMM ow graphsare distributed

Local and remotenodescan be controlledand
Integratedinto a common o w graph

Transpaent for develojrs,no overheador all
colocatedparts of ow graph

Application
INode INode INode

"""""""""" " ri—

G%ne”dC Output f Input Audio  \Output ff Input (Playback
€a Jack f Jack \ Decode ) Jack { Jack Node

Node \NO_dG/
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Serializatiomandtransport of objects
E.g. Bu ers, compositeevents,events

Serializatiorstrategies
Magic number, XML, ...

Transprt strategies
Pointer forwarding, TCP, UDP, RTP, ...

Local optimization
Pointer forwarding or eliminationof communication
channel

Scalablgranspaency
Automatic setupvs. manualcon guration
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NMM Architecture

Simple,clea, and uni ed design

Nodesconnectedoy jacksthat streammessages
Uni ed out-of-bandand instreaminteraction

Integratingmicro-cae architecture

Middlevare care pluscommunicatiorchannels
Suitablefor heterogenougsnvironments

No overheador all colocatedcom

Scalabldranspaency
Implicit and explicitbinding

) Open meta-achitecture

nnents

Mobile
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Filter /
Converter
Node




60+ Plug-ins

Source

CDDA, DVD/menus,WInTV PVR, KFIR, DVB, Firewire,
VISCAcamerasaudiodevicesWAV, AVI

Encaler/decaler/converter/ lter

MPEGaudio,MPEGVvideo,DivX, Ogg/Vorbis, SPU,PNG,
JPEG,RTJPEG

Cola spaceyvideoscaler,on-screermenus,deinterlacer

Multiplexer/demultipéxer
AVIl, MPEG,OGM

Sink
Videooutput via X or OpenGL,audiodevicesWAV, AVI
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Application Development

NMM easeghe developmenof distributedmultimedia
applicationsbecauseof ...

Network transpaency
High-levelobject-aientedinterfaces

Middleware services

Intuitive ApplicationProgrammeinterface(APl)

Ru
pro
AP

eof Matthias Ettrich (Founderof KDE
jlect):\A programmemwho doesnot know the

shouldunderstandcode written againstit”
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helloworld

/[ MP3 player
/[ all nodesrunning locally

/| create the node descriptions
NodeDescriptionread le ("GenericReadN®";
NodeDescriptiordecale("MPEGAudioDecoeNal€e’);
NodeDescriptioraudioplg ("PlaybackNale);

/| createa queryfor a ow graph
GraphDescriptiomgraph
graphaddEdges(&ead le, &decaler, &audiopl®) ;

Mobile  Gaming { Bremen 2004 { p.22/60



helloworld

/[ requestcompletegraphfrom registry
NMMApplication app=

ProxyApplicatiorn: getApplicatior(argc, argv);
ClientRegistr& registry = app > getRegistry()
registry.requestGraph(graph

/[ setthe lename by requesting appopriate Iinterface
INode Inode= graphgetINadg read le);

IFileHandleivar  lehandler (inode > getParentObiject()
> getCheckdinterface IFileHandles ());
lehandler > setFilenam@rgv[l]);

Mobile  Gaming { Bremen 2004 { p.23/60



helloworld

/[ realize and stat graph
graph realizeGrapl) ;
graphstatGraph() ;

/[l wailt ...

/| stop completegraph
graphstopGraph()

/I releasecompletegraph
registry.releaseGraglgraph);
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helloNMM

/[ Distributed MP3 player:

/[ decaler and audio sink on remote host "host2"
NodeDescriptionread le ("GenericReadNi&");
NodeDescriptiordecale("MPEGAudioDecoeNale);
NodeDescriptioraudioplg ("PlaybackNale’);

[/ NEW: set location for decaler and audio sink
decaler. setLacation( "host2') ;
audioply . setLacation( "host2') ;

GraphDescriptiorgraph
graphaddEdges(&ad le, &decaler, &audioply) ;
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Audio Playback
Decode

localhost




Location | localhost




Stationary system Stationary system

Processing power Processing power

I/O capabilities I/O capabilities
TV receiver




Stationary system Stationary system

Processing power Distributed
processing power

I/O capabilities Distributed
TV receiver I/O capabilities




Decode

Playback
Decode Node

Node




clic

Commandine interactionand con guration

Setting up distributed o w graphsfrom textual
descriptions

Jclic <.gd le> [-I <input le>] [-0 <output le>]
Examples

mp3play.gd:
GenericReadMz! MPEGAudioDecdeNale! PlaybackNale

Jclic mp3pla.gd -1 /home/bob/music/song.mp3
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remotetv.gd

% Watch TV using DVB receivernn remotehost

DVBReadNde #setLocation"host2)
$setChannél) INITIALIZED
Il MPEGDemuxNde
f
f ["mpeg.videoO] ! MPEGVideoDeateNale

| XDisplayNode

9

f ["mpeg.audiod] ! MPEGAudioDecdeNale
| PlaybackNale

9
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GraphBuilder

Automaticallycreatesdistributed o w graphfor media
playback

Distributedsource audiosink, and videosink

Supported URLS
le, audiccd, dvd, tv, dvbtv, ivtv, mpegtv

Examples

Jclic -u dvbtv:///?channel=1
Jclic -u dvbtv://host2/?channel=1 -V host3-A host4
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Playback
Decode Node

Node




SyncSinkNode

SinkController
®

SyncSinkNode

SinkController
®




Applications

amaoK { the audioplayer for KDE
NMM playbackengineusesGraphBuilder
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Applications

Virtual Courserom Environmenti{VCORE)

Recwod and broadcastall as
Audio andvideostreamof t

ectsof a talk

ne spealer, slides,

written text or annotations(SMIL)
Successfullysedat Saaland Universiy since

winter 2002
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Multimedia-Bo x

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

Develogd completelyon top of NMM
E.g. plug-infor on-screerdisply
Seamlesstegrationof mobiledevices

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

CD-Plaer with CDDB supymort

CD-Grabler andtranscaling to MP3/0OggVorbis
DVD-Player with support for menus

DVD-Grabler and distributedtranscaling

TV, time-shifting,accesto remotereceiver
Videorecader and ElectronicProgramGuide(EPG)
Mediaplayer with playlist

Multi-tasking: watch TV whiletranscaling a DVD
Controllablewith a remote-control

Extensibleand con gurableapplicationframeveork (XML)
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Multimedia-Bo x

) Demo
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Mobile system 1 Stationary system

DVD playback




Mobile system 1 Stationary system

- -

DVD playback




Mobile system 1

audo )3
000

Mobile system 2

audo )3
Y10

Stationary system

. -E

DVD playback




Running session 1

MPEG<Saudio0"
Demux
Node

MPE Audio
D\K'?)Id?g ac Demux Decode
Node Node

Playback )
Node
Playback
Node




Running session 1

Video .
Decode Display
Node Node
MPE G<audio0" Audio
Demux Decode Playback ),
Node Node

Running session 2

Audio -
Decode Playbgck
Node Node

localhost localhost




Shared running session 1

DVBRead
Node

DVBRead
Node

"audiol”

Decode

V=€ Node
Demux

Node Video

Decode

Node

Audio
onverter Encode

Node Node

Buffer Video ideo
Drop Scaler Encode
Node Node Node

Audio
Decode
Node

ideo
Decode
Node

Playback
Node
Display
Node




Shared running session 1
Playback

stationary i

Audio Audio H
onverter Encode : Decode
Node Node

Video Video Video

Display

Scaler Encode Decode d
‘ Node ‘ Node - Node “ Node ‘ Node ‘




Session Sharing

Tasklistwithin Multimedia-Bx
Locally and remotelyrunningtasks
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Session Sharing

) Demo
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Mobile system Stationary system




Mobile system Stationary system




Readfile Playback
Node Node

Playback
Node




Seamless Handover

) Demo
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Video Wall

) Demol/video
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Lessongeaned

How to setup your networked multimedia
application?
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NMM supports...

Any kind of distributed o w graph-basedpplications

Network transpaent control and cooperation of

com

pnents

Automatic setupof distributed o w graphs

Synchronizegrocessing

Shaed distributed o w graphsincludingshaed control

Seamlestandover

... Interactivemultimediainstallations?

... Mobilegames?
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Mobile Games

ErnestAdamson mobilegaming:

\Incidentally mobile"games
Canbe played equallywell on stationay
platfarms
Supported by NMM? Yes, but...
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Mobile Games

ErnestAdamson mobilegaming:

\Incidentally mobile"games
Canbe played equallywell on stationay
platfarms
Supported by NMM? Yes, but...

\Essentiallymobile"games
Mobility is a pat of their gameply
Supported by NMM? Yes!
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Essentially Mobile Games

M.A.D. Countdavn (Ste en Walz et al.)

Participantsrun arounda buildingwith networked
handheldcomputersryingto nd a\b omb"

M-Views(GlaiannaDavenprt et al.)
Location-basedtarytelling
Interactivecampustour

Museumvisit

Self-guidechudiotour usingmobiledevice
Usually:eachuserhasown timeline

UsingNMM: simultaneougplaybackand shaed
control
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Howto

ldea?
Content?
Text, audio,audio/video,2D/3D graphics?

Applicationsuitedfor distributed ow graph?

What con guration of distributedprocessing
elements?

What processingelements?

Requiredorocessingelementsavailable?
Useclic to quicklytest ideas
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Howto

Synchronizegrocessing?
SynchronizesystemclocksusingNTP
Again,useclic

Shaed distributed o w graphs?

Again,useclic

Shaed control? Advancednteraction?Graphicaluser

iInterfaces?

Developapplicationon top of NMM

Context-avarenesstracking of usersanddevices?
Needto useadditionaltechnology
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Howto

Be familia with Linux (or nd someoneavhos)

SetupLinux systems
PCs,Laptops,PDAs, ...
NTP

Downloadand test pre-built versionsof NMM
Or, compileNMM yourself

Play aroundwith NMM's clic

Subscrile to mailing-list

Participate in Open Sourcedevelopment?
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Summary

Network-IntegratedMultimediaMiddlevare (NMM)
Reserch project and Open Sourceproject
Realworld applications

Uniquefeatures
Open integratingmicro-cae architecture
Transpaently distributed ow graphs
Automatic creationof distributed ow graphs
Distributedsynchronization
Sessiorshaing service
Seamles®andover

) Enablingtechnologyfor ubiquitouscomputing
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Future Work

Update plug-ins

deb/rpm packages

Optimizationof currentimplementation

Support for standad protocolslike SIP
Intelligentdistributionof workload, e.g. for transcaling
(Help with) support for other platforms

(Help with) support for newapplicationscenaos

(Help with) integrationinto KDE (and other projects)
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Discussion
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