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Motivation
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� Growing number of multimedia devices
� Fully programmable
� One or more networking interfaces

) Unexploited networking capabilities: Why?
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Multimedia Flow Graphs
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� Independent processing elements
� Multimedia data is forwarded \downstream"

� Generated at source, processed, consumed at sink
� Simple and intuitive abstraction
� Modularity and reuse of functionality
� New functionality by providing new elements
� Parallel and distributed processing
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Multimedia Architectures
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� Centralized approach) Restricted to local execution
� Networking?

LinuxTag 2005 { p. 6



Client/Server Streaming
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� Network: Client/server streaming) Black-box
� Control?
� Extensibility?
� Complex application scenarios?
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Multimedia Middleware
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� Distributed software layer
� Transparency: Access, control, and connect

distributed devices and software components

) Eases development of networked applications
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) Network-Integrated Multimedia Middleware (NMM)
� Research project) Open Source) Company
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History

02/2001 O�cial project start
03/2002 Multimedia course: Development of plug-ins
06/2002 First Open Source release NMM 0.0.3
06/2002 Streamed FIFA Football World Cup
11/2002 First recordings: Computer Graphics course
03/2003 CeBIT: Multimedia-Box and PDAs
03/2004 CeBIT: Networked and shared home-entertainment
04/2004 c't GNU/Linux distribution including NMM
03/2005 CeBIT: Networked cross-platform multimedia
) 2 research assistants, 7-8 students
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Network-Integrated Multimedia Middleware
(NMM)

LinuxTag 2005 { p. 11



NMM

Applications

Middleware core

Operating systems
GNU/Linux on PCs (x86) and PDAs (ARM)

Partly on Windows XP

Middleware
services

60+ Plug-ins
codecs, devices, ... C++

IDL

TCP, UDP, RTP/RTCP, XML, ...
Networking/serialization strategies
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Licences

� Core and services: LGPL
� Plug-ins: Mostly GPL
� Applications: Mostly GPL
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NMM Flow Graphs

� Nodes as smallest processing units
� Jacks to connect nodes
� Formats to type connections
� Interfaces to control objects
� Messages to forward media data or control information
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NMM Flow Graphs
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Distributed Flow Graphs

� NMM 
ow graphs are distributed
� Local and remote nodes can be controlled and

integrated into a common 
ow graph
� Transparent for developers, no overhead for all

colocated parts of 
ow graph
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Virtual Devices

� Each application has ...
� Full access to all resources within the network:

devices and processing power
� Example: A simple mobile device ...

� Includes TV receiver of remote system
� Access to processing power for media conversion

(transcoding)
� High-quality audio output using nearby hi-� system
� \Remote control" for all other devices
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Interfaces

� NMM Interface De�nition Language (NMM IDL)
� Similar to CORBA IDL
� Interface class and implementation skeleton
� Supports inheritance, exceptions, arbitrary data

types, state machine, ...
� Both, out-of-band and instream interaction
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Interfaces

module NMM {
  interface IFileHandler {
    void setFilename(in string name);
      
    Result endTrack() instream;
  };
}

IFileHandler

+setFilename(const string&): void
+endTrack(): Result
+create_endTrack(): Event*

Code
generation

IFileHandler.idl

IFileHandlerImpl

+setFilename(const string&): void
+endTrack(): Result

ConcretePluginNode

+setFilename(const string&): void
+endTrack(): Result
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NMM Nodes

� Di�erent types of nodes & generic base classes

Demux
Node

Mux
Demux
Node

Mux
Node

Filter /
Converter

Node

Source
Node

Sink
Node

) Easy to develop new nodes
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60+ Plug-ins

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

VISCA cameras, audio devices, WAV, AVI

� Encoder/decoder/converter/�lter
� MPEG audio, MPEG video, DivX, Ogg/Vorbis, SPU, PNG,

JPEG, RTJPEG
� Color space, video scaler, on-screen menus, deinterlacer

� Multiplexer/demultiplexer
� AVI, MPEG, OGM

� Sink
� Video output via X or OpenGL, audio devices, WAV, AVI
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Application Development

� NMM eases the development of distributed multimedia
applications because of ...

� Network transparency
� Middleware services
� High-level object-oriented interfaces
� Intuitive Application Programmer Interface (API)

� Rule of Matthias Ettrich (Founder of KDE
project): \A programmer who does not know the
API should understand code written against it"
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Hello World (1)

// MP3 player
// all nodes running locally

// create the node descriptions
NodeDescription read�le ("GenericReadNode");
NodeDescription decoder("MPEGAudioDecodeNode");
NodeDescription audioplay("PlaybackNode");

// create a query for a 
ow graph
GraphDescription graph;
graph.addEdges(&read�le, &decoder, &audioplay);
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Hello World (2)

// request complete graph from 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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Hello World (3)

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

// wait ...

// stop complete graph
graph.stopGraph();

// release complete graph
registry . releaseGraph(graph);
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Hello NMM

// Distributed MP3 player:
// decoder and audio sink on remote host "host2"
NodeDescription read�le ("GenericReadNode");
NodeDescription decoder("MPEGAudioDecodeNode");
NodeDescription audioplay("PlaybackNode");

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

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

� Administrates locally available nodes
� Queries

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

� Peer-to-peer approach for distributed 
ow graphs
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Synchronization

� Synchronous handling of streams
� Lip-synchronization of audio and video

� Distributed synchronization
� Video on large screen, audio on mobile system
� Multi-room: Same content rendered on di�erent

output devices
� Generic synchronization architecture

� Various synchronization protocols, e.g. sink
synchronization for multiple a/v streams
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Applications &
Middleware Services
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clic

� Command line interaction and con�guration
� Setting up distributed 
ow graphs from textual

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

� Quick prototyping
� Example

mp3play.gd:
GenericReadNode ! MPEGAudioDecodeNode ! PlaybackNode

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

LinuxTag 2005 { p. 29



Distributed MP3

% usage: ./ clic hellonmm2.gd� i < mp3� �le >

GenericReadNode
f

f [ "default "] ! MPEGAudioDecodeNode
! PlaybackNode

g
f [ "default "] ! MPEGAudioDecodeNode

#setLocation("host")
! PlaybackNode

#setLocation("host")
g

g
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Video Wall

ABCDE
Client 1 Client 2 Server

Network

Screen 1 Screen 2 Audio output

) Easy to con�gure using NMM's clic
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Video Wall
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Applications

� amaroK { the audio player for KDE
� NMM playback engine uses GraphBuilder
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Automatic Setup

� Location-aware applications
� Use capabilities of surrounding environment

� Automatic distributed media playback

Stationary system

Stationary system

Mobile system

Stationary system
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Automatic Setup

� Location-aware applications
� Use capabilities of surrounding environment

� Automatic distributed media playback
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Video Audio
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File
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GraphBuilder

� Automatically creates distributed 
ow graph for media
playback

� Distributed source, audio sink, and video sink
� \Optimal"distribution of nodes

� Supported URLs
� �le, audiocd, dvd, tv, dvbtv, ivtv, mpegtv

� Examples) Demo

./clic -u �le:///home/bob/video.mpg

./clic -u �le://host2/home/bob/video.mpg -V host3 -A
host4
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Multimedia-Box

� Networked home entertainment: CeBIT 2003-05
� \All-in one"solution for TV, DVD, CD, ...
� Uses commodity hardware
� Based completely on NMM
� Test-bed for new application scenarios
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Home Entertainment

� Integration of distributed resources
� Watch/record TV using remote TV receiver
� Distributed and parallel transcoding of DVDs

Stationary system

Distributed
  processing power
Distributed 
  I/O capabilities
  

Stationary system

Processing power

I/O capabilities
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Multimedia-Box

) Demo
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Session Sharing

� Number of users simultaneously enjoys the same (or
similar) content using di�erent devices

� Distributed synchronization and shared control
� Multi-room multi-device applications

Stationary system

DVD playback

Mobile system
Video

Stationary system
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Session Sharing

� Distributed synchronization
� Shared control
� Multiple access of single hardware device
� Reduces resource requirements through re-usage
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Session Sharing

� Distributed synchronization
� Shared control
� Multiple access of single hardware device
� Reduces resource requirements through re-usage
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Session Sharing

) Demo
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Seamless Handover

� Location-aware applications
� Use capabilities of surrounding environment

� Seamless handover of media playback
� No loss, no duplicates, no interruption

Mobile system

MP3
playback

Stationary system
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Seamless Handover
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Seamless Handover

) Demo
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Download & Installation
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Download

� www.networkmultimedia.org
� Sources

� Releases and sourceforge CVS
� Binaries

� Releases and nightly sourceforge builds
� NMM-Oppix

� Based on Knoppix 3.7
� Gentoo ebuild by Stephane Barotin
� deb/rpm packages?
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Howto

� Download (and compile)
� (Setup NTP for distributed synchronization)
� Con�gure and test NMM installation
� Play around with NMM's clic
� Read FAQ
� Read (at least) \Hello World"and \Plug-ins"guide
� Subscribe to mailing-list
� Participate in Open Source development
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Summary
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Summary (1)

� Network-Integrated Multimedia Middleware (NMM)
� Research project) Open Source) Company

� Real world applications
� Multimedia-Box, VCORE, ...
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Summary (2)

� Unique features
� Transparently distributed 
ow graphs, no overhead

for local execution
� Distributed synchronization
� Automatic creation of distributed 
ow graphs

(GraphBuilder)
� Session sharing
� Seamless handover
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Summary (3)

� Network-Integrated Multimedia Middleware (NMM)
� Enabling technology for distributed multimedia
� Only full-featured multimedia middleware available
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Summary (3)

� Network-Integrated Multimedia Middleware (NMM)
� Enabling technology for distributed multimedia
� Only full-featured multimedia middleware available

Area of distributed multimedia
) Technological leadership for GNU/Linux
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Future Work

� Update plug-ins
� deb/rpm packages
� \Intelligent"distribution and adaptation
� SIP based VoIP applications
� Distributed streaming server

� Integrates client/server streaming into NMM
� (Help with) support for other platforms
� (Help with) support for new application scenarios
� (Help with) integration into KDE 4 MM architecture
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Questions?
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