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Disclaimer

Thesoftwaredescribedin thisdocumentis undercontinuousdevelopment.
Someconceptsandsoftwarecomponentsthereforemaybedifferentin the
software distributions available on the internet. For further information
aboutthecurrentstateof theprojectandthesoftwaredistributionsee[23].
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Chapter 1

Intr oduction

Thereisahugevarietyof digitalmultimediasourcesfor todayshomeentertainment
systems.The CompactDisccancontainaudioor video data(AudioCDs,Video-
CDs, SuperVideoCDs)or a �lesystem with multimediadata,e.g. MP3 or video
�les. MoreandmoremoviesarepublishedonDVD-Video,containinghighquality
digital videodata.TV andradiobroadcastscanalsobereceiveddigitally today.

For eachof thesemediathereareproprietaryplayersthatcanplaybacka lim-
ited setof them.Theseplayersoftenhave additionalfeaturesspecializedfor their
supportedmedia,e.g.aCD playercandisplayartistandsongtitle or aDVD player
canalsoplaybackMP3 CD-ROMs or VideoCDs. Oneof the newest inventions
arereceiversfor Digital Video Broadcasts(DVB), which caneven recordthe re-
ceiveddataon aninternalstoragemedia.Someof themevenoffer thepossibility
to playbackabroadcastwhile recordingit. But noneof theplayersabove is ableto
provide all thedescribedfunctionalityin onedevice.

Ontheotherhand,thereis thePC.For acurrentPC,it wouldbepossibleto re-
alizeall thefunctionsdescribedabove. You canusea DVD-ROM device to watch
DVD-Video,listento AudioCDsor MP3�les storedonaCD-ROM or DVD-ROM.
With a digital TV receiver cardonecanwatchor recordTV broadcasts.Soa PC
would unite all functionality in one device. But thereare also many disadvan-
tageslikenoise,remotecontrollabilityor problemsin connectingaPCto aTV set.
Hencea standardPC is a very uncomfortablesolutionfor a homeentertainment
system.

Thegoalof thisprojectis thedevelopmentof afully functionalhomeentertain-
mentsystembasedon a standardPC,calledtheMultimedia-Box. To compensate
the disadvantagesof a standardPC, it will be describedhow to build additional
usefulhardware. Also, thehardwareusedto reducenoiseis described.An open
multimediamiddlewarefor Linux – calledNMM [23] – is usedasthemainsoft-
warepart. This middlewareguaranteeshighest�e xibility andextensibility. These
aredesiredfeaturesto beableto integratenew modulesinto theMultimedia-Box
easily. All multimediahardwarecomponentsareintegratedin NMM by usingfree
opensourcesoftware. Basedon NMM, the neededsoftware componentsanda
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INTRODUCTION

uniformsoftwareuserinterfaceweredeveloped.
The rest of this report is organizedas follows. First, NMM is describedin

chapter2. Chapter3 describesthehardwarewe useandhave built. It is followed
by a descriptionof the developedsoftwarecomponentsin chapter4. We �nally
describethedevelopmentof anapplication,whichusesall thesecomponents,with
auni�ed userinterfacein chapter5.

2



Chapter 2

The Network-Integrated
Multimedia Middlewar e

The“Network-IntegratedMultimediaMiddleware”(NMM) is beingdevelopedfor
thelast2 yearsby thecomputergraphicsgroupfrom theUniversityof Saarlandin
Germany. Information aboutthe project in generaland its currentstatecan be
foundon theinternet[23].

NMM is aC++ framework for developingmultimediasoftwarefor Linux. One
aim of NMM is to simplify theaccessto differentkindsof hardwareanddifferent
multimediaformats.

Themajorelementsof NMM arenodes, jacksandmessages.

� Nodesarethefunctionalelementsof NMM. In generalanodeinteractswith
a device or standsfor a function,e.g. collectingdatafrom a sourceor pic-
turemanipulation.But nodescanaswell have transportjobsonly like split-
ting/merging incomingdataor network transport.

� Jacksaretheinputsandoutputsof thenodes.They establishtheconnection
with othernodesandin generalthey do nothingelsebut passingdatato the
nodes.Associatedwith eachjack areits supportedformats,whichprecisely
describewhatkind of dataanodecanhandle.

� Messagesrepresentall kind of informationswhich �o ws throughthegraph.
Thesecanbeeithermultimediadataor metainformations(socalledevents).

Nodesgetconnectedin agraph,whosepartscanrunon differentcomputers.

2.1 Nodesand Jacks

In generala nodereceivesdatafrom its previousnode,processesit andsendsthe
processeddatato its succeedingnode. Figure2.1 shows a detaileddiagramof a
node.Eachnodecanhavezero,oneor moreinputsor outputs,eachrepresentedby

3



NMM

Node

Application   

E BB

process()

B B

EE

InputJack OutputJack

B
E E

E
handle()

Figure2.1: NMM nodewith in-streamevents,buffersandout-of-bandeventssent
from or to theapplication(”E” event,”B” buffer). Buffersareprocessedinsidethe
nodeandeventsarehandledwith registeredmethods.

a jack. In orderto connectseveralnodesto agraph,theiroutputjackswith speci�c
formatsareconnectedto othernodes'input jackswith thesameformat.

Figure2.2 shows a simpleNMM graphfor a MP3 playerwith threenodes.
The MP3ReadNode readsa MP3 �le from disc and sendsit stepby stepto the
MPEGAudioDecodeNode via its outputjack. ThisnodereceivestheMP3dataand
decodesit. The decodedaudiosamplesaresentto the PlaybackNode . When
thesamplesarriveat thePlaybackNodethey arewritten to thesounddevice which
makesthemaudible.

MP3
Read
Node

MPEG
Audio
Decode
Node

Playback
Node

Application

Figure2.2: A simpleMP3playerrealizedwith theNMM framework.
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2.1.NodesandJacks

2.1.1 Classi�cation of nodes

Nodescanbeclassi�edby theirnumberof inputsandoutputs.

SourceNode A sourcenodehasnoinputandoneoutputjack. It isadataproducer.
In the MP3 playerexample(see�gure 2.2) the MP3ReadNodeis a source
node.

Sink Node A nodewith oneinput andno outputjack is calleda sink node.Such
nodesconsumethedata.ThePlaybackNodefrom theexamplein �gure 2.2
is asink node.

ProcessorNode A processornodehasoneinput andoneoutputjack. The node
readsdatafrom its input,processesit andsendsit to theoutput.

Basedon the input andoutputformats,two subtypescanbe distinguished:
converternodesand�lter nodes.

A converternodereadsfrom theinputwith acertainformatandconvertsit to
anoutputformatwhichis differentto theinputformat.TheMPEGAudioDe-
codeNodein the MP3 playerexample(see�gure 2.2) is sucha converter
node.It convertstheincomingMP3 audiodatato raw audiodatawhichcan
beplayedby thePlaybackNode.Anotherexampleis a nodewhich converts
incomingvideodatafrom onecolorspace(eg. RGB) to another(eg. YUV).

A �lter nodehasthe sameformat on its input andoutput jack. An exam-
ple for this typeof nodeis a BrightnessNode.It increasesor decreasesthe
brightnessof incomingvideodatawithoutchangingthevideoformat.

Multiplexer Node If a nodehasseveral inputsandoneoutputthenit is calleda
multiplexer node.A multiplexer nodecanreaddatafrom its inputsto gener-
ateoneoutput.An examplefor this typeof nodewouldbeanOverlayNode,

Read Demux

Decode Display

Decode Playback

Video

Audio

Figure2.3: A videoplayerrealizedwith theNMM framework.

5



NMM

which takestwo videostreamsandoutputsonewhereasthesecondinput is
“overlaid” over the�rst.

Demultiplexer Node The oppositeof the multiplexer nodeis the demultiplexer
node. This nodesplits one input to several outputs. An examplecan be
foundin �gure 2.3, whichshows thediagramfor asimplevideoplayer. The
ReadNodereadsa video from somesourceandsendsit stepby stepto the
DemuxNode.TheDemuxNodesplits the incomingdatastream.Thevideo
partis sentto theVideoDecodeNodeandtheaudiopartto theAudioDecode-
Node.Thedecodeddatais transferedto thecorrespondingsinknodes.

2.2 Messages

To enablecommunicationwithin theNMM architecturethereis auniformmessage
system.Thissystemconsistsof two typesof messageobjects.

All kind of multimediadatageneratedby the nodesis placedinto messages
of typeBuffer . Buffersareforwardedfrom nodeto nodealongconnectedjacks.
Whena buffer arrivesat a jack it is enqueuedto an incomingqueuebeforeit is
forwardedto theprocessingmethodof thenode(see�gure 2.1).

Thesecondmessageobjectis calledCEvent . It is usedto controlthebehavior
of a node. CEvent standsfor CompoundEvent. A CEvent canincludeseveral
events.In thefollowing thesimpletermeventis usedfor all CEvents .

Therearetwo differenteventtypes.The�rst typeis calledin-streameventand
it is forwardedandenqueuedlike a buffer. An exampleis the“start” eventwhich
is sentby theMP3ReadNodeto indicateanew �le. With theout-of-bandeventsan
applicationcansetor retrieve nodespeci�c parameters.An exampleis theevent
to seta �lename in thesourcenode. Eacheventconsistsof a key andadditional
values.Theeventkey is a stringto identify theevent.To beableto handleevents,
anodehasto registerhandlingmethods.An eventdispatcherautomaticallycallsa
handlemethodsubjectedto theeventkey whenreceiving anevent(cf. �gure 2.1).

More informationaboutthe event mechanismcanbe found in [25] (only in
german).

2.3 Developingnodeswith NMM

All nodesarederivedfrom thebasicclassNode andhaveaninternalstatemachine.
Thestatesandthedependenciesbetweenthemareshown in �gure 2.4.

In orderto simplify the nodeprogrammingthereexist several subclassesde-
rived from basicclassNode. This groupof classesrepresentsthe differentnode
typesasclassi�ed in section2.1.1, like GenericSourceNode for a sourcenode
or GenericProcessorNode for a processornode. A nodeprogrammerderives
his nodefrom oneof theseclassesandhasto implementthe functionality of the
new nodeonly.

6



2.3.Developingnodeswith NMM

Contructor()

Con-
structed Initialized Activated Started

init()
doInit()

activate()
doActivate()

start()
doStart()

stop()
doStop()

stop()
doStop()

deactivate()
doDeactivate()

deinit()
doDeinit()

connect{OutputjInput}To()
get{OutputjInput}Jack()

�ush()
doFlush() processBuffer()

Figure2.4: Statesandstatetransitionsof NMM nodes.

Themethods

� init ()

� activate ()

� start ()

� stop ()

� deactivate ()

� deinit ()

� flush ()

internallycall thecorrespondingmethods

� doInit ()

� doActivate ()

� doStart ()

� doStop ()

� doDeactivate ()

� doDeinit ()

� doFlush ()

All do-methodshaveto returnaResult . Whenado-methodreturnsaResult
different from SUCCESSto indicate an error, the corespondingstatetransition
methodthrows anexception.

A nodeprogrammerimplementsthedo-methodsneededfor thenodespeci�c
functionalityandamethodcalledprocessBuffer () :

Constructor In theConstructor thenodeshouldsetall its variablesto well
de�ned values. Potentialresourcereservationswhich are neededfor the
functionality of the nodearenot allowed. The event registration(seesec-
tion 2.2) shouldalsobedoneat thattime.

Result doInit () Whenthe doInit () methodis called,the nodeshouldre-
serve potentialresourcesandspecifyall its inputandoutputformats.

Result doActivate () Within the doActivate () methodresourcesthat are
speci�c to theconnectionformatsshouldbereserved.

7



NMM

MP3ReadNode MPEGAudio-
DecodeNode

PlaybackNode

Constructor initialize all variablesto well de�ned values
doInit () open�le setin

CONSTRUCTED
state,check�le

format,set
outputformat

openMPEG
decodelibrary

opensound
device setin

CONSTRUCTED
state,check
capabilities

doActivate () — setdecode
parameters

basedon input
format

setplayback
parameters

basedon input
format

processBuffer () sentstartevent,
readbuffers

from �le

decode
incoming

buffers,send
decodedbuffers

write incoming
buffersto sound

device

doDeactivate () —
doDeinit () close�le closelibrary closedevice
doFlush () — �ush library �ush sound

Table 2.1: Examplesfor somemethodsfor the MP3 player exampleshown in
�gure 2.2.

Result doStart () After calling thestart () methodthenodestartsprocess-
ing and forwarding messages(seesection2.2). A nodeprogrammernor-
mally doesnotneedto implementdoStart () for nodespeci�c functional-
ity.

Message * proccessBuffer (Buffer *) If a nodereceives a new buffer, the
processBuffer () methodis called. The methodshould return a pro-
cessedbuffer. Insteadof abuffer, thenodecanalsoreturnaneventto sendit
in-stream.If an incomingbuffer cannotbeprocessedimmediatelyor com-
pletely, the“working �ag” canbeset.ThentheprocessBuffer () method
is calledagainwithout a new buffer until the �ag is unset. To setor unset
this �ag, thesetWorkingFlag ( bool ) methodcanbeused.

As sourcenodesdo not receive buffers, their processBuffer () method
is calledcontinuouslywithout a buffer. Themethodshouldthengeneratea
new buffer usinga library, �le, device, . . .

Result doStop () If the stop () methodis called, the nodestopsprocessing
andforwardingmessages.Similar to doStart () , a nodeprogrammerdoes
normallynotneedto implementthedoStop () method.

Result doFlush () Within the doFlush () methodthe nodeshouldclear its

8



2.3.Developingnodeswith NMM

implementationspeci�c buffers,�ush usedlibrariesandsoon.

Result doDeactivate () In thismethodthenodereleasesits resourcesthatare
reservedin thedoActivate () method.

Result doDeinit () Thenodeshouldfreeits resourcesreservedin doInit () .

Table2.1 shows an examplefor somedo-methodsfor the nodesin the MP3
playerexample.

9



Chapter 3

HardwareDesignDecisions

3.1 Requirementsfor living-roomneeds

Giventhefact that theMultimedia-Boxshouldbeplacedin the living roomthere
aresomerequirementsit shouldmeet:

� Thecaseshould�t into theliving roomoptically, soa designercasecanbe
a goodchoice.

� SincetheMultimedia-Boxis astandardPCsomemodi�cation mustbemade
to reducenoise.

� A standardTV setshouldbeusedto interactwith theuser– noextramonitor.

� To have theability to controltheMultimedia-Boxwith a remotecontrol the
box shouldhave abuilt-in infraredreceiver.

Figure3.1: Theprototypeof Multimedia-Box.

10



3.2.Components

� Using an LCD, the Multimedia-Box shoulddisplay all kind of additional
informations.Theusershouldalsobeableto listento anAudioCD without
having to switchon theTV setto controltheMultimedia-Box.

Figure3.1 shows theprototypeof theMultimedia-Box. Onecanseethecon-
nectedstandardTV setandtheMMBox-Application(seechapter5) runningon it.
Thespeakersfrom theextrasoundsystemareplacedasidetheMultimedia-Box.

Below the �oppy disc drive the LCD is placedandleft to the drive thesmall
holefor theinfraredreceiver canbeseen(seesections3.3.1and3.3.2).

On the left sideof the Multimedia-Box,you canseethe DVD drive with the
blackfront (see3.2.5).

3.2 Components

3.2.1 CPU and mainboard

As thepercentageof IntelTM-optimizedprogramsandlibrariesis muchlargerthan
for any otherprocessorfamily, a PentiumIII CPUis usedin theMultimedia-Box
prototype.Somecalculationsandtests– especiallyfor decodingMPEG2Streams
of a DVD in software– yieldedto a CPU frequency of about800MHz. To have
somereserves,theprototypeof theMultimedia-BoxusesaCPUwith 866MHz.

Theprototypeof theMultimedia-Boxusesamain-boardfrom AOpen1, exactly
themodel“AOpenAX3SP”.

3.2.2 Network

As it shouldbe possibleto connectthe Multimedia-Boxto the LAN, a 100MBit
network adapteris integratedto get internetandremoteaccessfor ef�cient devel-
opment.This is anoptionalpartof thehardware,which is not neededfor the�nal
system.Somepartsof thedevelopedsoftwaremakeuseof thenetwork connection,
e.g. for gettingthe title namesof an insertedAudioCD via an internetdatabase.
But thesepartsarealsooptionalandwill work with everyotherinternetconnection
e.g.over modems.

3.2.3 Graphics cards

As the Multimedia-Boxshouldbe capableto play videos,a graphicscard with
somespecialfunctionsis needed.Therequirementson theboardare:

� Scalingtheoutputvideo

� Supportof theYV12 color format

� FullscreenTV output

1http://www.aopen.com.tw/
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The scalingof the video is requiredbecausesomevideosaresaved in small
resolutions.Thesevideoshave to be enlargedto �t to thescreen.Anotherusage
for the scalingcapabilitiesis theadjustmentof theaspectratio. For examplethe
channelsof digital TV aresentwith differentpicturesizes. Somearesentusing
720x576,othersuse480x576,but the aspectratio might be 4:3 for both. That
meansthattheimagehasto bescaled,sothatthecorrectaspectratio is established.

TheYV12 color formatis themostcommoncolor formatusedby many video
compressionalgorithms.It is describedin detail in section4.4.4.

OnaLinux systemscalabilityandsupportfor YV12 formatareprovidedby the
Xv-Extensionof XFree86[35]. Xv is a X videoextensionthatprovideshardware
scalingandadditionalcolor formatsfor videooutput.

As the Multimedia-Boxshouldbe connectedto a TV, the graphicscardmust
have a fullscreenTV output.

Many cardsful�ll the �rst two requirementsandaresupportedby Linux but
theTV outputis supportedonly by a few of them.Dependingon thegraphicscard
therearedifferentwaysto getthepictureto thetelevision.

Graphics cardswithout built in TV output

The�rst graphicscardtestedin theMultimedia-Boxwasa Xentor“Maxi Gamer”
cardwith a Nvidia TNT-2 chip set.Theinstallationof theboardis trouble-free.It
is instantlysupportedby theX-Server [35] (version4.0.2).

ThiscarddoesnothaveaTV output,hencetheconnectionto theTV sethasto
bedonevia aVGA-to-SCART Converter, e.g.theonedescribedin section3.3.3.

Theremainingproblemis to �nd a modeline for theX-Server to geta stable
pictureon the TV set. Whenusingthe standardmodeline for a PAL TV setas
describedin section3.3.3, anunusual�ick eringof theTV picturecanbeobserved.
This leadsto the assumptionthat the graphicscard– despiteall �ags in the X-
Server con�guration– doesnotproduceaninterlacedsignal.

Theonly possibleway to geta properpictureon theTV setwith this graphics
cardis to usethemodeline with half thenumberof linesonly (seesection3.3.3).
This is notsatisfyingfor theMultimedia-Box,soabettersolutionhadto befound.

According to several sourceson the internet, the older ATI-Rage-II graphic
cardsareable to producean interlacedsignal. Thesecardsareso old that they
cannotbepurchasedfrom retailersany more,but they still cane.g.beauctionedat
e-bay2.

The card could also be installedtrouble-free,and got connectedto the TV
setvia a VGA-to-SCART converterusingthe standardPAL modeline (seesec-
tion 3.3.3). Theresultingpictureis stable,so thecardproducesaninterlacedsig-
nal.

But becausetheRage-IIchipsetis thatold, thecombinationXFree4.xx–Rage-
II is not ableto scalemoving picturesin hardware. As alreadydescribedabove,

2http://www.ebay.com/
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somedigital TV programsarenotdistributedin PAL formatandhave to bescaled.
They couldbescaledin software,but thereis notenoughperformanceleft from the
Multimedia-BoxCPU.Sothissolutionis alsonotsuitablefor theMultimedia-Box.

Graphics cardswith build in TV output

The Matrox Marvel graphicscardsare well supportedby Linux (especiallythe
G200andG400[36]), but with the XFreedriver aswell as the original Matrox
driver for the X-Server, therearesomeproblemswith the TV output. First, Xv-
accelerationon theTV outputisn't supportedby thedriver, second,theTV picture
hasablackborderthatappearsif theoverscanmodeis notactivated.Theoverscan
is neededto stretchthe TV screento its full size,so that on every television the
blackborderdisappears.

Insteadof usingXFree,onecanusethe Matrox graphicscard's framebuffer
device for video output [26]. The driver for this device is part of MPlayer[27].
It makesuseof theBES(BackEndScaler, theYUV scaleron Matrox cards)and
is a solutionfor acceleratedYUV scalingandTV outputwith overscan.Detailed
installationhintsfor Matroxgraphicscardscanbefoundin appendixA.1.

3.2.4 Sound

TheMultimedia-Boxusesa SoundblasterLive! 1024soundcard. It providesex-
cellentsoundoutputandis well supportedunderLinux.

Thecardadditionallyprovidesa secondline outconnectorfor a primitive ver-
sion of surroundsound. A digital audioout, with the possiblity to transferAC3
audiodatadirectly to anexternalamplifyingdecoder, is alsoprovided.

To enablethis cardunderLinux, onecanusethe“AdvancedLinux SoundAr-
chitecture”[1], which supportsall featuresof theSoundblasterLive! 1024.A de-
scriptionhow to install thedriver for thissoundcardcanbefoundin appendixA.4.

3.2.5 DVD dri ve

BecausetheMultimedia-Boxshouldhave thepossibiltyto readDVDs, thereis a
needfor a DVD drive. In orderto avoid unwantednoisewhile readingfrom the
drive, it shouldbequiet. If thedrive is not silentenoughthespeedcanbelimited
to a speci�c valuewith thestandardprogram“hdparm” [18]. With a speedfactor
of 4x or 6x adrive shouldbesilentandstill fastenough.

Theprototypeof Multimedia-Boxusesa “LG DVD-ROM DRD-8120B”with
ablackfront which �ts to theblackcasecolor.

3.2.6 DVB card

To receive television a DVB-s (Digital Video BroadcastSatellite)cardmanufac-
turedby Fujitsu-Siemens(see�gure 3.2) is used.It is ableto decodetheMPEG2
audio/videostreamfrom thesatellitein hardware.A Linux driver for thiscardthat
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Figure3.2: TheDVB-scardthatreceivesanddecodesMPEG2audio/videostreams
from satellite.

allows capturingthehardware-decodedpicturesvia video4linux(andof courseal-
lows accessto the received MPEG transportstream)is providedby Convergence
Media3.

Althoughthehardwaresupportsrecordingachannelto harddiskwhile playing
another�le (usingthehardwaredecoder),thelatestrevisionof thedriver(currently
0.9.3)doesnotprovide thissupportthatwouldhavebeennecessaryfor “hardware-
timeshifting”. Thismadeit necessaryto useasoftwareMPEG2decoderto provide
timeshiftingcapabilitiesandsimoultanousrecord/playback.

The Fujitsu-Siemenscardalsohasa TV-out connectorthat supportsa (slow)
hardware OSD. The TV output is limited to display only picturesgeneratedby
thehardwareMPEG2decoderandthereforeit is not usableasTV outputfor the
Multimedia-Box.

It is also possibleto usea cheaper(low-budget)DVB card without TV-out
connector, CI interfaceor MPEGdecoderbecausemostof themareusingsimilar
hardware(but arenotof�cially supportedby ConvergenceMedia).

3.2.7 MPEG2 encoderboard

A further option to a DVB card(seesection3.2.6) could be an MPEG2encoder
cardwith abuild in TV tuner. Thesecards– in oppositeto DVB cards– getanalog
input signals.TheMPEG2encoderchip cancreatedigital MPEG2datafrom the

3http://www.convergence.de/
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Figure 3.3: The MPEG encoderboardthat encodesanaloginput signalsto an
MPEG2videostream.

analogsignalin real time. Sothedatareceived insidetheMultimedia-Boxis still
digital. Therefore,onewill have the sameopportunitiesin softwareaswith the
DVB Card(recordingto harddrive, timeshifting,. . . ). But asthesecardshave an
analoginput, therearesomeadditionalpossibilities.E.g. youcouldconnectit to a
standardanalogVCR andarchive your old videotapecollectionto CD-ROM that
way.

Unfortunatelynoneof theseboardswas fully supportedunderLinux. But
in [22] onecan�nd a hint, that it would be possibleto connecta TV tunercard
to anMPEG2encodercard(without tuner)by solderinga cablefrom theright pin
of thetunercardto theright pin of theMPEG2card.

Knowing that this could work wasenoughmotivation to testan MPEG2en-
coderboard. One that was said to be working underLinux – and the only one
thataLinux driver is actively developedfor – is theK�r card(see�gure 3.3) from
thegermanmanufacturerBMK Electronics4. Theboardhasa BNC connectorfor
compositevideoinput,aY/C connectorfor S-Videoinputanda3.5mmstereojack
for audioinput. TheK�r chip is developedby VisiontechLtd.5.

The driver is developedby the teamfrom linuxtv [21]. As they tell on their
site, they werenot allowed to distribute theK�r microcode– which is necessary

4http://www.bmk- electronics.de/
5http://www.visiontech- dml.com/
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to operatetheboard– togetherwith thedriver. But they founda way how to ex-
tractthemicrocodefrom theWindowsTM driver. Soafterdownloadingthisdriver,
installing it on a WindowsTM machine,copying the installedDLL �le to a Linux
machineandextractingthecodewith thehelpof theirMake�le (seeappendixD.3),
themicrocodewasreadyto useandthedriver couldbecompiled.

When loading the module,onecanpasssomearguments,e.g. which video
input to use,whetherto encodeto MPEG1 or MPEG2, determiningthe bitrate
andsoon (seeappendixD.4). Thedriver – togetherwith video4linux– provides
you a device �le, /dev/v4l/videoN,whereN is thenumberof thevideodevice. To
getanMPEG-Streamout of theconnectedanaloginput, you simply have to do a
cat /dev/v4l/videoN > outfile.mpg , andavalid MPEG�le is created.

So the MPEG encoderboardis working and MPEG2 �les, MPEG1 �les or
even (Super-)VideoCD datastreams(seeappendixD.4) can be createdwith its
help. Thesolderingof thecablebetweena TV tunercardandtheK�r cardis left
openfor futurework.

3.2.8 TV set

Wantingto beableto put everythingontoa TV screen,onething shouldnot have
beenmissing– the TV set. The prototypeof the Multimedia-Boxusesa Pana-
sonicTX-21CK1Cwhich is ableto handlebothPAL- andNTSC-Formats.It hasa
SCART-, Composite-AV- andanUHF/VHF-Connector.

3.3 Additional hardware

This sectiondescribesthehardwarebuilt additionallyto thestandardcomponents.
Thesepartsof hardwarehadto bebuild manuallywith thehelpof circuit diagrams.
Thebuilding processis alsodescribedhere.

3.3.1 Infrar ed receiver

A basicneedfor theMultimedia-Boxwasthepossibilityto controleverythingwith
thehelpof a remotecontrol.

LIRC – thisshortcutstandsfor “Linux InfraredRemoteControl”– isasoftware
thatis ableto interpretsignalsreceivedby a IR receiver. Help on how to build the
neededand�tting hardwareis providedat theLIRC website[11].

Thereceiver for theprototypeof theMultimedia-Boxis describedin [2]. It is a
smallreceiver whichcanbeconnectedto theserialport of aPC.Figure3.4shows
theprobablysmallestversionof a receiver onecanbuild from thecircuit diagram
in B.1.

Themostimportantcomponentis anIR receiver diode,which canbea TSOP
1738or a SFH506-38(seeappendixB.1). It receivestheIR signalsandtranslates
themto anelectricsignal,which is carriedto theserialport of thePC,andthere
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Figure3.4: An examplefor anIR Receiver takenfrom [2].

canbeinterpretedby a driver. Theothercomponentsareneededonly to adaptthe
IR receiver to thespeci�cationsof theserialport.

The IR receiver shouldbe built into the Multimedia-Box,so a small hole is
drilled into the front sideof the Multimedia-Boxprototype's case. This hole is
large enoughfor the receiver to still properly receive the signals. The circuit is
�x edat theinsideof thecasewith somegluestrip. As theserialport couldnot be
accessedfrom the main boarddirectly, a dissectedserialcableis put throughan
emptyexpansioncardslot openingandconnectedto theserialport at theoutside
of thecase(cf. �gure 3.5).

The descriptionof the software that usesthe hardware canbe found in sec-
tion 4.5.1.

Figure3.5: Thebackof theMultimedia-Boxwith theserialandtheLCD cable.
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Figure3.6: TheLCD showing sometestdata.

3.3.2 Liquid crystal display (LCD)

To beableto displayadditionalinformationof any kind, anLCD is useful.When
playingMP3 �les from theharddrive or listeningto CD, onedoesnot necessarily
have to seea pictureon the TV. It may – for mostpeople– be suf�cient to see
thetitle of thesongandthetime information,which bothcanbedisplayedby the
LCD.

The LCD we choseis a text display with 2 lines, 20 characterseach. It is
connectedto the parallelport of the Multimedia-Box. The LCD is driven by a
KS0076Bchip from SamsungElectronics.It canbe boughtfrom all majorelec-
tronic retailers.Thedisplayitself is alreadymountedon a boardthatcontainsthe
neededdriver chips.It hasasmall16 pin connectorwhich is connectedto thepar-
allel port of theMultimedia-Boxvia a smallelectroniccircuit (seeappendixB.1).
Thepurposeof thiscircuit is to haveaseparatepowersupplyfor theLCD backlight
andto beableto controlcontrastandbrightness.

Figure3.6shows theassembledLCD. It is built into thefront panelof theMul-
timedia-Boxprototype. As normally thereis no openingin the panelthat would
�t theLCD exactly, anadditionalopeninghasto besawed. Theconnectionof the
LCD to theparallelport leadsto thesameproblemasconnectingthe IR receiver
(seesection3.3.1) to theserialport: Thereis no (proper)possibility to accessthe
pinsof theparallelport from theinsideof thecomputercase.Soanothercablehas
to belaid throughtheemptyexpansionslot,wheretheIR receiver cableis already
laid through. To enhancethe look of the front panel,somerubberstripescould
be gluedaroundtheLCD so that thewarpededgesin the front panelarehidden.
Figure3.7shows theLCD built into theprototypeof theMultimedia-Box.

A driver, that wasdevelopedespeciallyfor this LCD with muchhelp of An-
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Figure3.7: TheLCD built into theMultimedia-Box.Theholefor theIR receiver
is marked.

dreasPomi(seeappendixA.5), hasto beloadedto controltheLCD.
It wouldalsobepossible– eventhoughabit circumstantialperhaps– to control

thewholeMultimedia-BoxwithoutaTV setconnected,only with theoutputonthe
LCD. All menuscouldbedisplayedpartially andbescrolledthrough.This is left
openfor futurework.

3.3.3 VGA-to-SCART converter

Onemajorproblemof this projectwasto be ableto displaytheVGA signalthat
the Multimedia-Box– respectively its graphicscard– produceson the screenof
a standardTV set. More technicallythis means:How can a VGA signal with
horizontalandvertical sync-pulsesbe convertedto a signalwith composite-sync
neededin aSCART connector?

Thered,greenandbluepartsof thesignalarealreadydeliveredby theVGA-
Connector. So the problemis reducedto converting the horizontaland vertical
syncsto acompositeone.

Somecommercialconvertersweretestedduringthisproject,but noneof them
delivereda suf�cient quality – at leastnoneof the cheaperones. This leadsto a
selfmadesolution,whichcanbefoundin [34].

The TV set (seesection3.2.8) needsa 0.5 to 1.0V signal to recognizethe
SCART Input asRGB (seesectionB.3). A smallbatteryfrom a remotecontrol in
line with asmallresistorhelpsto solvethis. Figure3.8showsthecircuit assembled
onapatchboard.
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Figure3.8: TheVGA-to-SCART Converter.

As alreadydescribedin section3.2.3, someof thetestedgraphicscardscannot
produceaninterlacedsignal.But it is possibleto getapicturewith 288linesonly.
The following modelinemustbe usedin the XF86Con�g-4 to sendsthe picture
bothfor the�rst andthesecond�eld of theinterlacedTV picture:

Themodelinesaretakenfrom [34].

Mode "736x288"
DotClock 14.16
HTimings 736 760 824 904
VTimings 288 290 292 312
Flags "-hsync" "-vsync"

EndMode

Soonegetsapicturewith 288linesonly, which is quiteunsatisfying.
Othergraphicscardsproducean interlacedpicturewith thewanted576lines,

usingthefollowing modeline:

Mode "736x575i"
DotClock 14.16
HTimings 736 760 824 904
VTimings 576 580 584 624
Flags "Interlace" "-hsync" "-vsync"

EndMode

The resultingpictureon the TV set is very smooth,which is a little surpise
taking this small low costciruit. Thecircuit diagramfor thecircuit canbe found
in B.3.

Someadditionalhintsabouttheconvertercanbefoundat [10].

20



Chapter 4

SoftwareComponents

This chapterdescribestheusedsoftwarecomponentsfor theMultimedia-Boxap-
plication (seechapter5), in the following namedMMBox-Application. We �rst
describetheNMM nodesdevelopedfor readingfrom thedifferentmultimediadata
sources.This is followedby adescriptionof thenodesprocessingaudioandvideo
data.After that,wedescribetheNMM eventproducers,usedin theMMBox-App-
lication. Thechapterendswith adescriptionof miscellaneousothersoftwareparts
anda list of examples,createdto testourcomponents.

4.1 Sourcenodes

4.1.1 CDDANode

Theimplementationof theCDDANodeasasourcenodeis inspiredby kio_audio-
cd [9]. ThenodereadsCD audiodatadigitally from a locally insertedCD-ROM.
This is doneby usingthe librariesfrom thecdparanoiaproject[6] which provide
aninterfaceexactly for thispurpose.

The implementationof thecorefunctionality is nearlythesameasin kio_au-
diocd. As theformatof AudioCD datais �x edto 44100Hzwith 16 bits persam-
ple, the nodesetsthe outputformat alreadyin its Constructor. In the doInit ()
method,it intializesthelibrariesfrom cdparanoia.If no initialization problemoc-
curs,thenodeis readyto readthedatafrom thelibrariesafter doInit () .

The �rst improvementto this core functionality is the possibility to specify
tracksto play andto get informationsaboutthe tracksof the currentAudioCD.
To enablethis, therearemethodsto getandsetthecurrentlyreadaudiotrack. A
class TableOfContents is usedto manageandsaveall informationsprovided
by cdparanoia.In the initialization stepof the node,the numberof tracks,their
lengthsandstartingpointsarefetchedfrom thecdparanoialibrariesandsaved in
theTableOfContents objectfor furtherusage.Thestartingpointsof thetracks
arecalled“sectors”. “Sectors”are referencedby cdparanoiaassingleblocksof
extractableaudiodata.
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The CDDANode is alsoableto fetch the namesof the tracksfrom the inter-
net. This is provided by freedb.org [13], a AudioCD title namedatabase.The
class CDDBServer implementsthecommunicationwith thefreedbserver.

Thecompleteimplementationis split into differentclasses.In the CDDANode
aremethodsto enable/disableCDDB usageandto setthe CDDB-server – in the
internet– to contact.If CDDB usageis enabled,the lookupis donein theinitial-
izationstepof thenode. Becauseall the fetcheddatashouldbe saved, theusage
of the CDDBServer objectis embeddedin the TableOfContents . TheCDDB
requestis computedfrom the track lengthsof the AudioCD henceit is indepen-
dentof someproprietaryinformationson theCD. TheCDDB protocolis asimple
request-answer-protocol which is documentedin [17].

Anotherenhancementis thepossibilityto seekto any positionontheAudioCD.
Thecompletetrackstructureof theCD in the TableOfContents objectis used
to implementthis. Whena “seek”eventis triggered,thegiventime(in seconds)is
translatedto asectorof theCD.Thissectorpositionis usedfor theparanoialibrary
in thenext datareading.If theseekis acrosstheboundariesof thecurrentlyread
track, in-streameventsareemittedbeforesendingthenew data. Thesein-stream
eventsare:

“seeked” Thiseventshouldindicatethatthecurrentlysentdatais non-continous-
ly followedby someotherdata.Following nodesthenhave thepossibilityto
react,e.g.in droppingthesentdatainsteadof writing it asa �le to disc.

“end_track” This event indicatesthat thecurrentlysentdatawaspartof anAu-
dioCDtrack,whichdoesnotcontinueany more.

“start_track” This trackindicatesthatthefollowing datais partof anew track.

“incomplete” Thiseventis only emmitedif anewly startedAudioCDtrackis not
sentfrom its beginning. As the “seeked” event, it shouldinform following
nodesaboutincompletedatasothat they areableto react,e.g. by ignoring
this datato save to a �le.

The behavior of the CDDANode is controlledby a statemachine.The state
transitionfor this automatonis shown in �gure 4.1. Beginning with the “TOC”
state,which indicatesthatthenodeshouldemit anin-streameventwith a tableof
contentsof theCD it reachesthe“Start” statewherethenodesendsa“start_track”
event(in-stream)with thecurrenttrackname.After that,it producesdatauntil the
currenttrack is �nished andan in-streamevent “end_track”is emited. If the last
trackis reachedandtheCDDANodeis con�guredto repeattheAudioCD,thenode
restartsplaybackfrom the beginning of the CD. Otherwiseit emitsa “�nished”
eventandstopsproducingany dataor events.

If a seekis triggered,the nodecontinuesin the seekstate,whereit emitsa
“seeked” event. If theseekdid not changethepositionto anothertrack,thenode
continuesimmediatelywith readingaudiodata. In theothercase,thenodeemits

22



4.1.Sourcenodes

TOC Start Data End Fin.

SeekedInc.

otherwise

�rst start

always begin of track new track

lasttrack�nished,

no repeat

lasttrack�nished, continuousplayback

seekedexternaly

sametrack
new trackwithin a track

always

Figure4.1: The statesandaccordingtransitionsfor the CDDANode. “Inc.” and
“Fin.” areshortcutsfor “Incomplete”and“Finished”.

an“end_track”anda “start_track”event. If theseekdid not endat thebeginning
of thenew trackalsoan“incomplete”eventis sent.After theseevents,it continues
readingthenew audiodata.

4.1.2 DVDReadNode

TheDVDReadNodenodeis basedon libdvdread[4] andcanaccessaDVD-Video.
With themethods

� getTitles ()

� getChapters ()

� getAngels ()

informationof the DVD-Video contentcanbe obtainedby parsingthe “.ifo”
�les thatarepartof every DVD-Video. In theversionof theDVDReadNodeused
for thisprojectonly little partsof these“.ifo” �les andof thenavigationinformation
thatarepartof thedatastreamareparsed,sono graphicalnavigationof theDVD-
Videocontentis possible.

The DVDReadNodecanswitch to thedifferenttitles, chaptersandanglesby
calling its method

select ( int title , int chapter , int angel ).

Thismethodtakesthetitle, chapterandangleasintegersarguments.Thenodeout-
putsaDVD-VideoMPEGstream(MPEG2PSstreamwith somespecialnavigation
packets)thatcanbeprocessedby theMPEGdemultipexer (seesection4.3.1).

Basically libdvdreadmakesno decryptionof encryptedDVD-Videos. But it
is able to load libdvdcss[20] dynamically. This meansif libdvdcssis installed
properlyon theunderlyingsystem,theDVDReadNodecanreadencryptedDVD-
Videosaswell.
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4.1.3 DVBReadNode

The DVBReadNodehandlescommunicationwith the DVB cardusedto receive
digital TV broadcastfrom satelliteor cable. It supportstwo differentoutputfor-
mats:

� hardwaredecodedYV12 pictures(YUV mode)

� MPEG2packetizedelementarystreams(whichalsocontainaudio)

Two instancesof the nodecanbe run simultaneously, for exampleto watch
a hardware-decodedlive picture(YUV mode)while writing theMPEGstreamto
disk.

YV12 picturesarecapturedvia video4linux(providedby thedriver from [21])
and sent in separatebuffers. The MPEG capturecapabilitiesare basedon the
dvbapitaken from vdr [31], an opensourcevideo recorderapplicationwith high
reliability. The main necessarymodi�cation wasto changethe �le outputmeth-
odsof vdr. Like the output �les of vdr, eachbuffer sentby the nodestartswith
an I-frame, which is the only frametype in MPEG streamsthat canbe decoded
independentlyfrom other frames. This simpli�es playbackcontrol becausethe
bufferscanbeprocessedalmostseperately(expectfor someB-framesthatmaybe
temporalreferringto framesin theforegoingbuffer).

The framesin the MPEG streamarenot necessarilyencodedin a resolution
correspondingto the aspectratio andmustthereforebe scaled.Changesin reso-
lution or aspectratio arediscoveredby theMPEGdecoder(seesection4.4.1) and
scalingis doneby thedisplaynode(seesection4.4.2). CapturedYV12 framesdo
notvary in sizebecausescalingto therequestedresolutionis doneby video4linux.

The con�guration of the different TV stations(like channelfrequency and
information aboutthe usedconditional-accesssystem)and supportfor multiple
satellite-dishes(DiSEqC) is taken from vdr without modi�cations and therefore
spreadover two �les (channel.confandsetup.conf).For a shortdescriptionof the
�les seeappendixD.5.

4.1.4 PNGReadNode

Thedifferentmenusin theMMBox-Applicationweresupposedto havesomeback-
groundpictureonwhichthemenuentriesshouldappear. ThePNGReadNodereads
a �le with an imagein the“PortableNetwork Graphics”[12] formatandsendsit
asaNMM buffer.

As thereareenoughtoolsto convert betweenthedifferentimageformats,and
asthealgorithmfor readingandconvertingPNGimagesto raw RGBA32 is already
implementedin theOSDOverlayNode(seesection4.4.3), thenodereadsno other
but PNG�les.

Thenameof the�le whichthenodeshellusecanbesetvia theevent“use�le”.
Thenodethenusesthe library libpng [29] to openandreadthe �le. It storesthe
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rowsof theimagein apointer�eld, from which thepixel datais copiedto aNMM
buffer row by row.

Theproducedbuffer cannow e.g.beconvertedto theYV12 colorspaceby the
RGBtoYV12ConverterNode(seesection4.4.4). Theconvertedbuffer couldserve
asthebackgroundinputof theOSDOverlayNode(seesection4.4.3).

4.1.5 MP3ReadNode

TheMP3ReadNodereadsa MP3 �le andputsthedatainto buffers. Thenameof
the �le, which the nodeshouldread,canbe setwith the “use�le” event. When
the�lename is set,thenodeopensthe�le andanalysesit to determinetheoutput
format. This formatcontainsthenumberof channelsandthesamplerate. When
the nodeis startedit �rst sendsthis format asan in-streamevent. Basedon this
format following nodescanset their own parametersto handlethe input stream
correctly.

4.2 Audio nodes

4.2.1 PlaybackNode

The PlaybackNodeis responsiblefor the soundoutput. It is a sink nodeandso
it hasonly an input jack. The input formatdependson thesoundcardhardware.
For themostpurposesthesoundcardshouldbeableto handleup to 48kHz,16bit
stereooutputbecausedigitalTV andDVD-Videoaudiostreamsoftencontainaudio
datawith thatformat.TheSoundblasterLive! 1024card(seesection3.2.4) andall
newer soundcardsareableto handlethis format. Themainfunctionsof thenode
are:

� checkingthesoundcardscapabilities

� offering input formatsdependingon thesecapabilities

� openingthesounddevice

� writing theincomingaudiodatato thedevice

Datathatcontainsanaudioaswell asa videostreammustbetreatedspecially
becauseaudioandvideomust�t together. Theprocessthatmakesaudioandvideo
�t togetheris calledsynchronisation.Thesynchronisationitself is alsodependent
on theaudiohardwareanddriver. Theaudiodriver hasaninternalbuffer of some
microseconds.This timemustbeconsideredby thePlaybackNodeif thepresenta-
tion timestampof anaudiobuffer is calculated.More informationaboutthis topic,
canbefoundin [8].
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4.2.2 MPEGAudioEncodeNode

TheMPEGAudioEncodeNodeis a converternodewhich encodesraw audiodata
into theMPEG1layer3 format(alsoknown as“MP3”). Theencodingprocessis
donewith thehelpof thelamelibrary [7].

Thenodeacceptsincomingraw audiodatawith sampleratesfrom 11025Hzup
to 48kHz. Theaudiostreamcanhave oneor two channels.Becausethenodecan
encodeto MP3with differentbitratestheoutputformatmustcontainaparamterin
which thedesiredbitrateis set.

When a “end_track” event is received all remainingaudio in the library is
copiedto a buffer andreturnedbeforetheevent is handon to thefollowing node.
This assuresthatall incomigaudiois converted.

4.2.3 MPEGAudioDecodeNode

TheMPEGAudioDecodeNodeis a converternode. It candecodethewell known
MP3 format. The input format of this nodeis speci�ed partly. It is enoughto
connectwith a format desciptionof “audio/mpeg”. Bitrate, channelsandaudio
frequency arenot neededbecausethe decoderis ableto �nd out this datafor it-
self by analysingthe audio stream. If all informationsare extracted,the event
“set_output_format”is sentthatcontainssamplingrate,channelsandbitspersam-
ple.

Theoutputformatof thisnodeis a raw monoor stereoPCM stream– depend-
ing on theinput– thatcandirectlybeprocessedby thePlaybackNode.

The decoderis basedon the madlibrary [19] that candecodeMPEG1layer
1,2 and3 audio. MPEG1layer3 is themostcommonaudiocompressionformat
becauseof its high compressionandgoodquality. MPEG layer 2 audiocanbe
foundin thedigital TV streams,VideoCDsor SuperVideoCDs.

4.2.4 AC3DecodeNode

Thecommonaudioformat that is foundon DVD-Videosis calledAC3. An AC3
streamis not limited to two channels.A commonformatis Dolby Digital 5.1.That
means5 channelscanbecontrolledindividually aswell asonesubwooferchannel.

As mostsoundcardsonly supporttwo outputchannels,theAC3 audiostream
hasto bemixeddown to two channels.This is doneby theAC3DecodeNode.This
converternodegetsanAC3 input stream.After downmixing it to two channelsby
usingliba52[15], thenodeoutputstheresultingstereoPCM stream.

4.3 Audio-Video nodes

4.3.1 MPEGDemuxNode

Digital TV and DVD-Video playerspresentvideo as well as audio. Video and
audioarenotstoredseparatelyonthesemedia.Thewayvideoandaudioaremixed
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LIVE
Mode

BUFFER
Mode

Pause,
Rewind

Stop,
Fast-Forward

(reaching EOF)

Pause,
Play,
Rewind,
Fast-Forward
(not reaching EOF)

Figure4.2: Statesof theMPEGTimeshiftingNode.

togetheris calledmultiplexing. This meansthat thereis a datastreamcontaining
alternatingaudioandvideoparts.Theseaudioandvideopartsarestoredin packets.
Eachpacket cancontainonetype of data. Either audio,video or otherdata(for
examplesubtitleor navigationdataon aDVD-Video).

The purposeof a demultipexer is to analyzethe packetsandto sendthemto
the accordingoutput. That is the aim of the MPEGDemuxNode.It parsesthe
incomingbuffersandsendsthemthroughtheaudiorespectively videooutputjack
to its successornodes.So far it canhandleMPEG2streamsonly andoutputsan
MPEGelementaryvideostreamandanaudiostream(MPEGaudioor AC3audio).

4.3.2 MPEGTimeshiftingNode

Timeshiftingprimarymeansplaybackcontrol(pause,rewind, fast-forward)for live
sources. A live sourcecan of coursenot be fast-forwardedprior to pausingor
rewinding. For anMPEGstream(like theonereceivedfrom aDVBReadNode,see
section4.1.3), theMPEGTimeshiftingNodeimplementsexactly this functionality
asaprocessornode.

The nodestartsin live-modewherethe only possibleactionsarepausingor
“instant replay”, which replaysthe lastcoupleof secondsandis implementedby
keepinga�x ednumberof data-buffersin memory. In bothcases,thenodechanges
its stateto buffer-modewhereany newly arriving datais buffered to disk. This
is doneby writing to a �le which is separatedin blocks of �x ed size (e.g. the
maximumsizeof a group-of-pictures(GOP) in a DVB streamis assumedto be
512kB). The default behavior of the nodeis to never reusea block that hasnot
beenplayedyet. Thusthesizeof thebuffer �le continouslygrows while in pause-
mode.For example,the�le contains5 secondsof videoafterrewinding5 seconds
(from live position)andthenkeepsits sizewhile playing.

To allow rewinding,alreadyplayedbackdatashouldnotbeimmediatelyfreed.
Thereforea thresholdcanbe speci�ed telling the nodehow many buffers should
bekeptin the�le beforethey arereusedto save new data.This thresholddoesnot
imposeamaximum�lesize onthebuffer �le because– asalreadymentionedabove
– a block thathasnot beenplayedwill not be reused.To completelyprevent the
nodefrom reusingblocks(andthusallowing to rewind to the point wherepause
wasusedfor the�rst time)a recording-�agcanbeset.

While fast-forwardingor rewinding, a speedmultiplier mustbe speci�ed. A
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fasterplaybackis realizedby sendingout multiple buffers for eacharriving one
(andreorderingthemon rewind). In these“seekmodes”only I-frames(theonly
typeof framesin anMPEGstreamthatcanbedecodedwithout theforegoing/fol-
lowing frames)aredisplayed.Becauseeachbuffer from theDVBReadNode(see
alsosection4.1.3) containsexactly oneI-framea correctdisplayorderon rewind
is guaranteed.

Theinterfaceof theDVBReadNodeconsistsof thefollowing methods:

setModeLive () returnsto live-modeanddeletesthebuffer �le.

setModePause () pausesplayback,enablestimeshifting (buffer-mode) if it is
calledwhile in live-mode.

setModeRewind (int ) startsrewindingwith speedint

setModeFastForward (int ) startsfast-forwarding(if not in live-mode).

If End-Of-File(EOF)is reached(live-position)thenodereturnsto live-mode
withoutdeletingthebuffer �le.

setModePlay () startsplaybackwith normalspeedfrom pause,fast-forward or
rewind.

disableMemBuf () starts“instantreplay” (if in live mode).

4.4 Videonodes

4.4.1 MPEGVideoDecodeNode

In section4.2.3compressionalgorithmsfor audiodataare introduced,but there
arevariouscompressionmethodsfor video as well. One commoncompression
algorithmis MPEG video. MPEG compressedvideo canbe found on all DVD-
Videos,VideoCDsandin digital TV streams.A compressedMPEGvideocanbe
decompressedwith anMPEGvideodecoder. That is theaim of theMPEGVideo-
DecodeNode.

ThenodetakesanincomingMPEGvideobuffer, decodesthedataandreturns
thedecodedvideoframesoneby one. Theframesarein YV12 color format (see
section4.4.4). The connectionto the input jack of the MPEGVideoDecodeNode
is possibleif the format matches“video/mpeg”. More information isn't needed
becausethedecoderitself �nds outall additionaldatalikebitrate,resolution,aspect
ratioandframerateby analysingtheincomingvideostream.If all informationsare
extracted,theevent“resolution_changed” is sentthatcontainsthewidth andheight
of thedecodedpicturesaswell astheaspectratio.

TheMPEGVideoDecodeNodeuseslibmpeg2 [16] for decoding.
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4.4.2 Display nodes

To view thedecodedMPEGvideodataof aDVD-Videoor TV streamor to simply
output a �le list or MP3 playlist or other navigation data,a nodefor graphical
outputis needed.This sink nodeis calleddisplaynode.Thecapabilitiesandinput
formatsof thisnodearerestrictedby thegraphichardwareandits driver.

TheRGBformatis oftenusedby graphicapplications,asall colorcomponents
(red,greenandblue)canbetsetindividually for eachpixel. But thedisplaynode
(hardwareanddriver) shouldbeableto handletheYV12 format. The reasonfor
this is, that the MPEGVideoDecodeNode(seesection4.4.1) hasa YUV output.
They valuedescribesthechromavalue(grey component),u andv valuesthecolor
partsof apixel.

The YUV color format is the mostoften usedon in video compressors.The
origin of this lies in the way, the humaneye sensesits environment. The eye
reactsmoresensibleto brightnessdifferencesthanto colordifferences.Soin video
compressionalgorithms,not exactly this YUV formatis used,but a formatthat is
calledYV12 (or YUV420). Thereis a y valuefor eachpixel but only oneu and
onev valueper 2x2 pixel block. That reducesdatasizefor eachframeaswell.
DetailedinformationsaboutYUV color formatscanbefoundin section4.4.4.

Thegraphicscardshouldbeableto handlethisYV12 format.As mentionedin
section3.2.3thehardwareshouldbecapabaleof scalingthepicture.Additionally
thedisplaynodemustbeableto handlesomeevents.An eventthat is responsible
for the resolutionchangingis neededbecausedigital TV videostreamscanhave
differentresolutionsfor eachchannel.Sothedisplaymustbeadjusteddynamically
if it is switchedbetweenchannelswith differentresolution.

XDisplayNode

One implementationof the display nodeis the XDisplayNode. The “X” in the
namepointsout theuseof theLinux XFreeinterface[35]. Basicallythis nodecan
outputgraphicsto aX window. TheXDisplayNodemakesuseof theXv-Extension
to displaytheincomingframes(seesection3.2.3). Thequalityandspeeddepends
on thegraphichardwareandtheX driver.

Matr oxDisplayNode

As mentionedin section3.2.3, theMatroxMarvel cardis theonly onefound,that
hasasuf�cient TV outputin combinationwith theotherneededfeatures.With the
original X driver, no Xv-extensionon theTV outputis possible.This factreasons
theusageof theMatrox framebuffer driver anda specialMatroxdriver thatis part
of MPlayer[27]. This driver canaccessthehardwareregistersdirectly andoffers
full accelerationfor displayingYUV framesandscalingonTV output.
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4.4.3 OSDOverlayNode

TheOSDOverlayNodecanblendtext andgraphicsover a background.It canload
several images(in PNGformat)andcanprint text ontoanincomingframe.These
socalleditemshave anuniqueidenti�er. They canbeswitchedon or off andcan
be placedeverywhereon the screen. So a pressedbutton can be visualizedby
switchinganitemoff andactivatinganotheritemat thesameplacewith adifferent
shape,sotheeffectof apressedbuttonor activatedmenuentryis comingup.

As a basicfeature,theOSDOverlayNodeshouldprovide anOSD(On-Screen
Display) thatcanbedisplayedbothon a still anda moving background– e.g. an
applicationdisplayinga list of MP3 �les could have a still background,whereas
thechannelselectionfor aTV applicationshouldhappenonamoving background.

Overlay in YV12 color space

The�rst goalof theOSDOverlayNodeis to do acorrectoverlayof itemsin YV12
color space.As the formulato convert betweenRGB andYV12 or backconsists
of a matrix multiplicationonly, the formula to do overlay in YV12 is exactly the
sameasin RGB:

out = alpha � in 0 + (1 � alpha) � in 1

Here,alpha is a �oating valuebetween0 and1. in 0 is thevaluetaken from
thebackgroundpicture,in 1 thevaluefrom theitemto beputontothebackground.
They rangefrom 0 to 255.

Becauseof the YV12 format, the u andv valuesarewritten only for every
othervalue in one row in the y plane. So actuallywe write the u andv values
two times,oncebeingin anoddy row andoncebeingin aneveny row. But this
ensuresthatif anOnScreenitemhasanoddnumberof rows,theu andv valuesare
alsocalculatedrespectingtheu andv valuesfrom theOnScreenitem. This way,
theline directly below theOnScreenitem maysuffer in quality, but this is not too
badandcannotbeseen.

For performancereasons,a mathematicallyoptimizedversionof the above
equationis used,whichconsistsof integeroperationsonly andhasonemultiplica-
tion to bedoneinsteadof two:

out = alpha � (in 0 � in 1)=255+ in 1

In differenceto thelastequation,alpha is anintegervaluebetween0 and255
in thiscase.Thevaluesin 0 andin 1 areasbefore.

Theintegeroptimizationachievedabout50%increaseof performance,which
thenwasenoughthat theusageof theOSDOverlayNodedid not leadto an over-
loadof our processor. For morecomplex OnScreenrequirements,onecouldstill
optimizethealgorithmby usingprocessoroptimizedassemblercode,e.g.IntelTM

MMX routines.
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Specialhandling of NMM buffers

A �ag decideswhetherthenodeis currentlygettinga still or moving background.
This �ag canbesetvia theNMM eventmechanism.If the �ag is false,a moving
backgroundis expected(let's call this the“moving state”),andtherefore,theover-
lay canbetriggeredto everynew arriving backgroundpicture.Theoverlayis then
doneasdecribedabove andthemodi�ed buffer is sentfurtheracrossthegraph.

If the�ag is true,astill backgroundis expected(let's call this the“still state”).
Whendoing theoverlayon any picture,theoriginal buffer is modi�ed andhence
not usablefor further overlay anymore. This is no problemin the moving state
wherethenext unmodi�ed buffer will arrive soon.But on a still background,the
lastunmodi�ed incomingbuffer hasto be saved to reuseit whenfor examplean
updateis claimed.So,in this state,thewhole incomingbuffer is copied,saved in
a privatevariableandtheoverlayis doneon theincomingbuffer. Thenext time a
buffer from thenodeis required,anew buffer is createdasacopy of thesavedone,
andtheoverlayis donetherewith the(new) items.

Therequestfor a new buffer canbedoneby sendinganeventcalled“update”
to thenode.In themoving state,thishasnoeffectatall, becausethebuffersshould
arrivewith acertainframerateanyway, andshouldleavewith thesameframerate.
In the still state,the “working �ag” (seesection2.3) is set to true. So the next
time the processBuffer () methodis called,the nodeknows by meansof the
“working �ag” thatanew buffer hadto beproducedasdescribedabove.

Different OnScreenitems

TheOSDOverlayNodeis ableto overlaydifferentitemsontothebackgroundim-
age.Beneathtext itemsit canalsohandlesmallpictures(e.g.a logo)or aprogress
bar.

Theitemsareableto overlay themselvesonto thebuffer containingtheback-
groundimageby gettingareferenceto it. They implementthecodefor theoverlay
in YV12 color spaceasdescribedabove.

The codefor the text itemsand the progressbar wastaken from [27]. One
specialtywith thetext itemsis thatthey consist– asthey aredeliveredby thecode
from [27] – only of a y andanalpha value.Sotheir overlaycodesetstheir u and
v valuearesetto 128– which represents“0” in u andv – to do acorrectoverlay.

The progressbar itself consistsof specialtext charactersonly, so the draw-
ing is the sameasfor text. The progressbar is encapsulatedto have all wanted
functionality, e.g.settingthepercentageof theprogress.

Timer mechanism

Mostsettopboxesandnearlyeverycomputermonitorhasthenicefeaturethatthe
OSDis disappearingaftersomeseconds,if theusersdoesnot pressanothermenu
key meanwhile.This featureis implementedin theOSDOverlayNode,too.
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Figure4.3: Structureof theYV12 color format.

If anitem is printedasa partof theOSD,a delaycanbespeci�ed telling how
long theitem shouldlast. This is implementedusinga system-timerthatsendsan
ALARM-signal backto thenodewhentriggered.A staticsignal-handlerhandles
theasynchronoussignalandclearstheitemagain.

4.4.4 RGBtoYV12ConverterNode

YV12 is theformatof choicefor many softwareMPEGcodecsandfor ourMPEG-
VideoDecodeNodeaswell. It comprisesannxn y planefollowedby (n=2)x(n=2)
v andu planes(see�gure 4.3). If we want to overlay an imagethat is in RGB
format with the video streamthat is in YV12 format, we mustconvert the RGB
imageto YV12 �rst. This is doneby theRGBtoYV12ConverterNode.

Thenode�rst calculateseachy valuewith thecorrespondingRGBvalues,then
for each2x2blocktheaverageof ther , g andbvalueis calculatedandconvertedin
thecorrespondingu andv value.TheRGB valuesaresavedin a “packed” format
that means�rst the r then the g andthen the b value is saved for the �rst pixel
andsoon. TheYV12 is a “planar” format thatmeans�rst all y valuesaresaved,
followedby thev andu values.They, u andv valuesarein therangeof -127to
128andarecalculatedlike this:

y = 0:299� r + 0:587� g + 0:114� b

u = (� 0:169) � r + (� 0:332) � g + 0:500� b+ 128

v = 0:500� r + (� 0:419) � g + (� 0:0813)� b+ 128
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4.5 User input

Therearemany inputdeviceslikemouse,keyboardor remotecontrolsthatpossibly
canbe usedto control the MMBox-Application. The operatingsystemhandles
thesedevicesdifferently. For exampleif akey onthekeyboardis pressed,asystem
call like getchar () delivers the pressedkey. If a key on the remotecontrol is
pressed,anothermechanismmustbeusedto fetch thepressedkey. That's why a
commoninterfacewasbuilt thatconsistsof socalledproducers.

Generallyproducerscontainfunctionsto fetchinputsfrom deviceslikemouse,
keyboardor remotecontrol. If akey on thekeyboardor remotecontrolis pressed,
the correspondingproducercreatesan event andsendsit to the connectedevent
dispatcher. Two producerswere built for the the Multimedia-Box, one for the
keyboardandonefor a remotecontrol.

4.5.1 Infrar ed support - Lir cProducer

TheLircProduceris aLIRC applicationthatreceivesits input from lircd, theLIRC
daemon(see[11]). The LircProducer�rst hasto reada con�guration �le, which
tellshim how to handletheeventsit getsfrom thelircd (seeA.2).

Theproduceronly hasto ful�ll thesimpletaskof packingthestringobtained
asan event from the LIRC library into an NMM event. This is donesimply by
passingthestringto theeventconstructor:

Event e = new Event (c , new TInValue <string >( c));

Theeventgetsthestringonceasits own nameandsecondlyasits value.This
way, you canregisterseveral functionsfor thedifferentkeys on theIR control,by
registeringthemtakingthenameof theevent,but youcanalsoregisteronefunction
for severalkeys andgetthestringfor thekey asanargument.This is usefulwhen
youhaveafunctionthatdoes–asamatterof principle– thesamethingfor different
keys(e.g.keys“0” to “9” for selectingsomeentryin anumberedlist). Soyouhave
thevalueasanargumentandcanpassit further.

4.5.2 XProducer

ThesocalledXProduceris simply a producerfor keyboardevents,but it is called
XProducerbecauseit doesn't receive the keyboardeventsfrom the keyboarddi-
rectly, but by theX window system.This is neededbecausetheapplicationsoften
runsin aX screenandtheonly wayto receivekeyboardeventsis via theX window
system.Theeventsthataresentcanbecon�gured in anXML �le thatis descibed
below.

<keyboard >
<event key ="a" >KEY_a</ event >
<event key ="b" >KEY_b</ event >
...
<event key ="UP" >KEY_Up</ event >
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<event key ="DOWN" >KEY_Down</ event >
...

</ keyboard >

That meansfor exampleif the X window systemnoticesthat the key “a” is
pressed,theXProducerwill generatea “KEY_a” event.

Finally ashortoverview how to generateandstartaXProducer:

� First createanew XProducerwith

Xevents * xproducer = new Xevents ();

� Then attacha display to it. This is doneby giving the display id to the
producer

xproducer -> registerDisplay (
((XDisplayNode *) display )->getID ()) ;

� ReadtheXML con�guration�le

xproducer -> readConfig (" configuration .xml " );

� Connectadispatcher

xproducer -> connectTo (( EventDispatcher *) dispatcher );

� Starttheproducer

xproducer -> start ();

4.6 Utilities

4.6.1 ListBox

An extensionfor the OSDOverlayNode(seesection4.4.3) that is neededin the
MMBox-Application (section5) is a scrollabletext area.This functionality is en-
capsulatedinto aclasscalledListBox .

TheListBox hasamethodvoid draw () whereit getsapointerto anOSD-
OverlayNodeto beableto draw its contentasitemsin theOSDOverlayNode.Sev-
eral text itemscanbe addedto the ListBox by calling the int add() method.
Thesetext itemsarethendisplayedasfar asthesizeof thelist boxallows it.

It canbescrolledthrougha ListBox by calling its select () method.Then
the given entry numberis selectedby scrolling to its position. The selectedtext
item getsasmallmarker at thebeginningandat theend,soit canbeseenthatit is
selected.Theotherwayround,it canbefoundoutwhich itemis currentlyselected
by calling thegetSelectedItem () method.

With thehelpof this ListBox it is possibleto show a list of MP3 �les or the
list of thechaptersandtitlesonaDVD-Videoasascrollablelist.
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4.6.2 LCDWriter

TheLCDWriter is thecomponentthatoffersall thefunctionalityneededto control
theLCD (seesection3.3.2).

Due to NMM designdecisions,the controlling classfor the LCD is imple-
mentedasa classof its own, not derived from class Node. To usethe LCD-
Writer, you have to createan instancein your applicationandcontrol the LCD-
Writer manually. A very comfortableway to do this is to createanevent listener
classin theapplication,which is derivedfrom class EventHandler . A method
canthenberegisteredat somenodesaslistenerfor a speci�c event. So if the lis-
tenermethodis triggered,thecontentof theevent (e.g. some�lename) is sentto
theLCD.

The LCDWriter classoffers somemore functionality than just displayinga
speci�c text in a speci�c line. It also encapsulatesmethodsto clear the whole
display, cleara speci�c line only, displaydateandtime continuouslyin a speci�c
line, set a progressbar to a certainpercentagein a certainline, or set a single
characterto acertainposition.

4.7 Examples

Thissectioncontainsall thedifferentexampleswewrotefor testingournodes.The
nameof thesubsectionsis taken from thecorrespondingdirectoriesin theNMM
softwaredistribution (seeappendixC).

4.7.1 ac3

Theac3playdemowaswrittento testtheAC3decoderthatis neededto playaudio
streamsof DVD-Videos. Generallyraw AC3 streamsare not widely used,but
they canbefoundoneveryDVD-Videomultiplexedwith thevideostream.Soone
possibilityto usethisdemois to demultiplex theAC3streamoutof theDVD-Video
dataandplay it afterwards.Figure4.4shows the�o w graphof theexample.

Usage: ac3play [options] filename

-v --verbose: Verbose mode (lots of messages!)
-h --help: Shows this help and exits.
filename: ac3 file

Playback-
Node

AC3-
DecodeNode

Generic-
ReadNode

Figure4.4: Nodeconnectiongraphfor theac3playexample.
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Playback-
Node

CDDANode

Figure4.5: Nodeconnectiongraphfor thecddaplayexample.

4.7.2 cdda

cddaplay

Theprogramreadstheaudiodataof anAudioCD with theCDDANodeandplays
thedatawith thePlaybackNode(see�gure 4.5).

Usage: cddaplay [options]

-c --cddb: use CDDB-Server for track names
-v --verbose: enable debug output

grab2mp3

This programencodesthe readaudio tracksof an AudioCD using the MPEG-
AudioEncodeNode(seesection4.2.2) andsaves themin MP3-�les on the hard-
disc.The�o w graphof thisexampleis shown in �gure 4.6.

Usage: cdda2mp3 [options]

-c --cddb: use CDDB server to name tracks
-b --bitrate: set the bitrate for the mp3 file
-q --quality: set the quality 2=high,5=medium,9=low
-o --output: set the output directory to write the files to

(must exists)

4.7.3 demux

Demuxis a smallMPEG2videoplayer. First it wasonly a smallprogramto test
theMPEGDemuxNode(seesection4.3.1), but it evolved to a small videoplayer
becausethe demultiplexed audio streamis decodedwith the AC3DecodeNode
(seesection4.2.4) respectively MPEGAudioDecodeNode(seesection4.2.3) and
the videostreamis decodedby the MPEGVideoDecodeNode(seesection4.4.1).

Generic-
WriteNode

MPEGAudio-
EncodeNodeCDDANode

Figure4.6: Nodeconnectiongraphfor thegrab2mp3example.
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XDisplay-
Node

Playback-
Node

AC3
(MPEGAudio)
DecodeNode

MPEGRead-
Node

MPEGDemux-
Node

MPEGVideo-
DecodeNode

Figure4.7: Nodeconnectiongraphfor thedemuxexample.

The DecodeNodesare connectedwith the PlaybackNodefor soundoutput and
theXDisplayNodefor videooutput. Thesynchronizationof theaudioandvideo
streamis doneby putting presentationtimestampsinto both streams. The sink
nodesare connectedwith an audio/videosynchronizerthat makes �t audio and
videotogether[8]. Figure4.7shows the�o w graphof theexample.

Usage: demux [options] filename

-m --mga: Use Matrox device
-f --fullscreen: Fullscreen mode
-t --audiostream: Select audio stream number
-s --silent: Disable audio output
-v --verbose: Verbose mode (lots of messages!)
-h --help: Shows this help and exits.
filename: mpeg ps file

4.7.4 dvb_ts

Thisdirectorycontainstheexamplesto testDVB andtimeshiftingfunctionality.

write�le

The write�le exampleconsistsonly of two nodes: a DVBReadNode(seesec-
tion 4.1.3) in MPEG modeand a RawWriteNode. The example is invoked by
„write�le �lename” and immediatelystartsrecordingthe active channelwhich
needsto be tunedin usingan applicationlike dvtest(seebelow). Recordingis

DVBRead-
Node

(MPEG)

RawWrite-
Node

Figure4.8: Nodeconnectiongraphfor thewrite�le example.
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DVBRead-
Node

MPEGDemux-
Node

MPEGAudio-
DecodeNode

MPEGVideo-
DecodeNode

XDisplay-
Node

Playback-
Node

MPEG

YUV

Figure4.9: Nodeconnectiongraphfor thedvtestexample.

stoppedafter key 'q' is pressed.The recorded�les canbe watchedfor example
usingthe demuxexample(seesection4.7.3). Figure4.8 shows the two possible
�o w graphsof theexample.

dvtest

ThisexampleimplementsaverysimpleTV applicationwhichonly allowschannel
tuningusing+ and- keys. By default theexamplestartsusinghardwareMPEG-
decoding.Specifyingthecommandlineoption“-mpeg”, softwareMPEGdecoding
is used.Figure4.9shows the�o w graphof theexample.

Usage: dvtest [options]

-f: Fullscreen
-mpeg: use mpeg output
-rx: x-aspect ratio
-ry: y-aspect ratio

timeshifting

Thetimeshiftingexampleprovidesplaybackcontrolsimilar to a VCR in a TV ap-
plication.Theexamplehasno OnScreendisplayandusesonly aconsoleinterface

DVBRead-
Node

(MPEG)

MPEGDemux-
Node

MPEG
Time-

Shifting-
Node

MPEGAudio
Decode-

Node

MPEGVideo
Decode-

Node
XDisplay-

Node

Playback-
Node

Figure 4.10: Node connectiongraphfor the timeshifting example(timeshifting
mode).
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(MPEG)

MPEGDemux-
Node

MPEG
Time-

Shifting-
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MPEGAudio
Decode-
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MPEGVideo
Decode-

Node

DevNull-
Node

XDisplay-
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Playback-
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Figure4.11:Nodeconnectiongraphfor thetimeshiftingexample(livemode).

for userinteraction(rewind, stop,pause,play andfast-forward aremappedto the
keys “z”, “x”, “c”, “v” and“b”). TheVCR like controlis identicalto theTV state
of theMMBox-Application,describedlaterin section5.5.3.

Figures4.10and4.11show the �o w graphsof theexamplein “timeshifting”
respectively “li ve” mode.

4.7.5 dvd

dvdtest

This codedemonstratesthe useof the DVDReadNode(seesection4.1.2). With
thecommandline parameters“-t” and“-c” a speci�c title andchaptercanbeset
thatshouldbeplayed.Generallythestructureof thecodeis thesamelike thede-
mux example(seesection4.7.3) exceptthattheDVDReadNodeis usedassource.
Figure4.12shows the�o w graphof theexample.

Usage: dvdtest [options]

-d --device: Set the DVD device [/dev/cdrom]

XDisplay-
Node

Playback-
Node

AC3
(MPEGAudio)
DecodeNode

DVDRead-
Node

MPEGDemux-
Node

MPEGVideo-
DecodeNode

Figure4.12:Nodeconnectiongraphfor thedvdtestexample.
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Playback-
Node

DVDRead-
Node

Figure4.13:Nodeconnectiongraphfor thedvd2�le example.

-x --ratio-x: Set the horizontal component of the video aspect
-y --ratio-y: Set the vertical component of the video aspect
-a --audiostream: Set the audio stream number [0]
-t --title: Select title [0]
-c --chapter: Select chapter [0]
-f --fullscreen: Starts in fullscreen mode
-v --verbose: Verbose mode (lots of messages!)
-i --information: Shows number of title, chapters and stream

informations
-h --help: Shows this help and exits.

dvd2�le

With this demoit is possibleto save DVD-Video chaptersto a �le. Figure 4.13
shows the�o w graphof theexample.

Usage: dvd2file [options] [filename]

-d --device: Set the DVD device [/dev/cdrom]
-t --title: Select title [1]
-c --chapter: Select chapter [1]
-n --chapter-end: Select end chapter[0] 0 means: read all chapters
-v --verbose: Verbose mode (lots of messages!)
-i --information: Shows number of title, chapters and stream

informations
-h --help: Shows this help and exits.
filename: Set the filename of extracted data [dvd_dump.vob]

4.7.6 k�r

k�r2�le

TheexampleusingtheK�r cardsimplyconsistsof two nodes,aK�rReadNodeand
aRawWriteNode.TheK�rReadNodetakesthedatafrom av4l device. It forwards

RawWrite-
Node

KfirRead-
Node

Figure4.14:Nodeconnectiongraphfor thek�r2�le example.
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XDisplay-
Node

Playback-
Node

MPEGAudio-
DecodeNode

KfirRead-
Node

MPEGDemux-
Node

MPEGVideo-
DecodeNode

Figure4.15:Nodeconnectiongraphfor thek�rtest example.

thedatato theRawWriteNodethatwritesthedatato a�le. Thev4l deviceis passed
asthe�rst commandline argument,the�le to bewrittenasthesecond.

Thedatadeliveredby theK�r cardis a streamalreadyin MPEG2format. So
the dataof the buffers passingthroughthis NMM graphcanbe written to a �le
withoutaddingany headers.Figure4.14shows the�o w graphof theexample.

Usage : kfir2file device filename

device: device to read data from
filename: file to write data to

k�rtest

Thesecondexampleconsistsof a morecomplex nodeconnectiongraph(see�g-
ure4.15). TheK�rReadNodeforwardsits outputto theMPEGDemuxNode,which
splits theMPEG2streaminto anaudioanda videostream.Thevideois decoded
by the MPEGVideoDecodeNodeandsentto the XDisplayNode,whereit is dis-
played.Theaudiocomingfrom theK�r cardis in compressedMP3 format,so it
is sentto theMPEGAudioDecodeNode,andthedecompressedraw audiois played
backvia thePlaybackNode.Hencethis examplesdoesa live captureof audioand
videofrom theK�r card.

Differentcommandline optionscanbe passedto this example. The �rst and
only necessaryone is the device namefor the v4l device. The secondone is a
switchto decidewhethertheXDisplayshouldrun in fullscreenmodeor not. With
the third andfourth commandline argument,you candeterminethedisplayratio
theXDisplayNodeshouldset(e.g.16 and9 for 16:9format).

Usage : kfirtest device [fullscreen ratio_x ratio_y]

device: device to read data from
fullscreen: playback in fullscreen mode (1) or window (0)
ratio_x: set ratio for screen: x-value
ratio_y: set ratio for screen: y-value
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4.7.7 lcd

To show off all thecapabilitiesof theLCD thattheLCD driver (seeappendixA.5)
supports,anexamplenamedlcd wascreated.It makesuseof theLCDWriter (see
section4.6.2).

First, theexampleshows a standard“Hello World”-Text, which is setthrough
thesetText () methodandlastsfor onesecond.Then,dateandtimeareshown in
the�rst text line, which is doneby thesetDateTime () method,andtheprogress
bar runsfrom 0 to 100percentin thesecondline, which happensdueto multiple
callsof thesetProgressBar () method.After that,amoving characteris shown
in thesecondline, usingsetChar () , andat last,an examplefor scrollinga text
longerthan20 charactersin softwareis shown.

4.7.8 lir c

TheLIRC example(nmmlirc)doesthesameastheexamplethat is deliveredwith
LIRC. Thereareno NMM nodesin this example. It just handlessomekeys from
the remotecontrolanddisplaystheappropriateoutput. Theoutputis determined
from thecon�guration �le, which canbepassedastheonly commandline option
for this example. If no con�g �le is given, theLIRC-library tries to readthe �le
“.lircrc” from your homedirectory. If “.lircrc” doesnot exist in this case,the
examplewill provide anerror. Thedescriptionfor theLIRC con�guration�le can
befoundin D.2.

4.7.9 mp3console

The mp3consoleexampleis – as the namemay suggest– a consolebasedMP3
player. A CD �ling applicationdescribedin [32] served as sourcefor all the

Used optionally

XDisplay-
Node

OSDOverlay-
Node

Playback-
Node

PNGReadNode

MPEGAudio-
DecodeNodeMP3ReadNode

Figure4.16:Nodeconnectiongraphfor themp3consoleexample.
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“curses”functions[3]. Figure4.16shows thenodeconnectiongraphfor this ex-
ample.

Theexampleis ableto browsethroughdirectories(only �les endingin “mp3”
or “MP3” areshown), selecta songfor playback,browsethroughfurtherdirecto-
rieswhile thesongis playedback,selecta new songandsoon. Also, at theend
of a �le, the next �le in the currentlist is selectedandplayedback. The “Up”
and“Down” arrow keys areusedto move up anddown, the“Enter” key is usedto
selectanentry. Thekeys “0” to “9” areusedto selecttheentrywith theaccording
number.

To startthis example,you have to passit a “mp3rootpath”,which is thepath
underneathwhich all your MP3 �les canbe found. Of course,this pathcanvary
everytimeyoustarttheexample.Thefurthercommandline optionsare“-l” for en-
ablingLIRC support,“-g” for enablinganauxiliary graphicaluserinterface.This
is anuncommonfeaturefor a consolebasedMP3 player, but it proved asa good
testfor theOSDOverlayNode(see4.4.3). Thenext option,“-f ” tellstheapplication
to runwith thegraphicaluserinterfacenot in windowedbut in fullscreenmode.So
it implies“-g”.

Usage: mp3console [options] mp3rootpath

-f --fullscreen: enable fullscreen, implies '-g'
-g --graphics: enable graphical User Interface
-h --help: print this help screen
-l --lirc: enable Lirc
mp3rootpath: The path to all your mp3-files

4.7.10 mp3dec

A programto test the capabilitiesof our MPEG audio decoderis mp3play. It
decodesan MPEG 1 (Layer 2,3) audiostreamandsendsit to the playbacknode
that is staticallysetto 44.1kHz, 16 bit, stereo.It canalsohandleWAV �les that
containMP3 streamsby simply skippingtheWAV header. Figure4.17shows the
�o w graphof theexample.

Usage: mp3dec filename

4.7.11 mpeg

A exampleto testtheMPEG1/2videodecoderissoft_mpeg (see�gure 4.18). It can
readanMPEGvideoelementarystream(thatmeansa purevideostreamwithout

Playback-
Node

MPEGAudio-
DecodeNode

MP3-
ReadNode

Figure4.17:Nodeconnectiongraphfor themp3playexample.
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XDisplay-
Node

MPEGVideo-
DecodeNode

MPEGRead-
Node

Figure4.18:Nodeconnectiongraphfor thesoft_mpeg example.

muxedaudiodata),decodesit andoutputsit on theXDisplay.

Usage: soft_mpeg filename

4.7.12 osd

The osdoverlay exampleshows most of the capabilitiesour OSDOverlayNode
(see4.4.3) has. It shows thealphablendingof graphicalOnScreenelements,and
alsothe possibility to updateon “still” and“moving” backgrounds.Figure 4.19
explainshow thenodesareconnectedin thisexample.

While runningtheexample,therearedifferentelementsshown on thescreen,
sometext items,somegraphicalitems(logos)and four timbersthat representa
samplemenu.Theitemsin themenuareturnedon andoff by beingreplacedwith
different pictures. Eachmenutimber picture was put to the OSDOverlayNode
twice,oncecoloredin white andoncecoloredin yellow (selectedstate).To select
onetimber, every of theyellow items(or pictures)is setdisabledbut theonethat
shouldbeselected,andevery of thewhite itemsis setenabledbut thethatshould
beselected.

The examplebegins with a moving background,whereall 4 menuitemsare
selectedoneby one. Then,theWhiteNoisenode(see4.19) is stoppedin orderto
geta still background,andonceagain,all 4 menuitemsareselectedoneby one.
This procedureis beingrepeatedonce,andthentheexampleis �nished.

Usage: osd

4.7.13 pngread

To beableto geta backgroundpicturein theMultimedia-Boxmainapplication,a
picture�le mustbe readandconvertedto a raw image. This functionality is im-

XDisplay-
Node

OSDOverlay-
Node

WhiteNoise

Figure4.19:Nodeconnectiongraphfor theosdoverlayexample.
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XDisplay-
Node

PNGReadNode

Figure4.20:Nodeconnectiongraphfor thepngreadtestexample.

plementedin thePNGReadNode(seesection4.1.4), which is usedin theexample
pngreadtest,andconnectedto aXDisplayNode(compare�gure 4.20).

The�rst commandline optionof theexampleis the�lenameof thePNGimage
to beread.This �lename is givento thePNGReadNode,which loadsthe�le. The
producedbuffer is forwardedto theXDisplayNodeanddisplayed.

Usage: pngread filename
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Chapter 5

The Multimedia-Box Application

In thepreviouschapters,plug-insfor playingaudioandvideoandexampleshow
to usethem wereshown. In the following sectionsthe MMBox-Application is
described. It consistsof a MP3 player, a CD player, a DVD player and a TV
player.

TheMMBox-Applicationhasamenudrivenhandlingto simplify theusageon
theTV set. Thedifferentmodules– like MP3 playeror DVD player– arerepre-
sentedby iconsin thesemenus.To browsethroughthem,a remotecontrolor the
PCkeyboardcanbeused.Themenusaregeneratedby theXMLMenuParser(see
section5.4). Usingdifferentcon�guration�les theXMLMenuParsercangenerate
differentskinsfor theMMBox-Application.

Thedesignof thecompleteapplicationismadeextendablefor programmers.In
thefollowing, theseprogrammersarecalledMMBox developers.They canmake
useof someclassesandmechanismsthathelpto createextensionsfastandeasily.

As the MMBox-Application is recon�gurable,all con�guration options– in-
cludingthemenulayout– areexportedoutof themaincode.A XML documentis
usedfor nearlyall con�gurationsexpectsomeof theusedcomponents– likeLIRC
or theDVB API – whichusetheirown con�guration�les. Theusageof thisXML
�le makesit easilypossibleto createown skinsfor theapplication.

Figure5.1shows thestructureof theMMBox-Application. It consistsof sev-
eralmodules:

� GlobalnodesincludinganOnScreendisplay(seesection5.1)

� XML menuparser(seesection5.4)

� Statemachine(seesection5.3)

� States(seesection5.5)
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Application
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global nodes

User input

 Auto-
MenuXML Configuration

File

XML Menu
Parser generates

Figure5.1: Architectureof theMMBox-Application.

5.1 Global nodes

Theenduserof theMultimedia-Boxhasthepossibilityto switchbetweenseveral
applicationslike DVD, MP3,CD or TV player. Whenswitchingto theseapplica-
tions eitheraudio,video or both arepresented.That meansin every application
anaudioand/orvideosinkareneeded.Thesenodes– providedby themainappli-
cation– arepermanentandglobal. A MMBox developerdoesnot needto create
thesenodes,hecansimply connectto them.An advantageof theglobaldisplayis
to avoid �ick eringthathappenedif thewindow is closedandthedesktopappears
shortlyuntil thewindow is reopenedagain.

Besidesthesetwo nodes,theOnScreendisplaynode(seesection4.4.3) is per-
manentandglobalaswell becauseevery applicationmusthave thepossibility to
print its statusinformation(e.g.tracklists,errormessages)on thescreen.

5.2 MMBox-A pplication menu

The usercan selectthe different playersby browsing (section5.2.1) througha
menu.Figures5.2and5.3show possiblemainmenusof theMMBox-Application.
Menuscanhaveseveralsubmenusagain.It hasatree-likestructure.Menusconsist
of entriesthatarepresentedby images.Theusercannavigatebetweenthesemenu
entriesandsubmenus.

5.2.1 Menu Navigation

While auseris in a menu,hecaninteractwith thekeyboardor remotecontrol.As
the buttonson the remotecontrol canbe freely programmed,only the keyboard
keys arereferred:
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Figure5.2: Themainmenuwith iconstyle.

� Pressingtheleft andright keys thebuttonnext to theactualselectedmenuis
selected.

� If the menuconsistsof several rows (see�gure 5.2) the up anddown keys
canbeusedto jump into thenext or previousline.

� Whenpressingthekey “q”, it will beswitchedto theparentmenu,if thiskey
is pressedin themainmenu,nothingwill happen.

� With thekey “ESC” theapplicationis �nished.

5.2.2 Building a MMBox-A pplication menu

A MMBox-Applicationmenuis generallyacollectionof buttonsthatcanbeplaced
overabackgroundgraphic.If abutton(menuentry)is selectedthebuttonchanges

Figure5.3: Themainmenuwith styleneon(left) andstyletimber(right).
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Figure5.4: The submenuafterpressingtheCD button with style neon(left) and
styleicon (right).

its shape.Thatmeansit is replacedby anothergraphicto indicatethat thebutton
is selected.

A button canbe selectedby pressingthe cursorkeys on the keyboardor by
usingthe correspondingbuttonson the remotecontrol. Only onebutton canbe
selectedat onetime. If a button is selectedall otherbuttonsaredeselected.Such
buttonsarecalledradiobuttons.

If a menuis enteredby pressingthe “Enter” key on the keyboardor remote
controlanothermenuis displayedor anapplicationlike theCD playeris started.

A MMBox-Applicationmenuis generatedby theXMLMenuParser thatreads
themenudescriptionout of an XML document.The documentthat containsthe
MMBox-Application menudescriptionconsistsof differenttags. The root tagof
this documentis the “con�guration” tag. In this con�guration part, “menu” tags
canbeplaced.Each“menu” sectiondescribesa menuwith differentbuttons.The
menutagmusthave an id attribute that is usedto referencethemenu.Within the
menusection,“entry” tagsareplacedthatdescribeeachmenubutton.Thecontent
of thetagmaybetheid of anothermenuwhich is activatedif thedescribedbutton
is pressed(see�gure 5.4). It may also be the id of a registeredstatewhich is
activatedthen(seesection5.5). Thelook andthepositionof a button is speci�ed
by theattributesof the“entry” tag.Following attributescanbeset:

<entry index = "2"
on = " icon/tv .2.png "
off = " icon/tv .1.png "
x = " 446"
y = " 50" >DVB-TV</ entry >

The“on” attributepointsto abitmap�le (PNG�le format)thatis usedto paint
the button if it is selected,the “off ” attribute points to a bitmap that shows the
button with its unselectedstate. “x” and“"y” arescreencoordinatesof the left
uppercornerwherethebuttonshouldbeplaced.

The“index” attributeis anumberwhich is usedfor navigation.First thebutton
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with index 1 is selected,the next button that is selectedis the button with index
2, etc. Generallyif the right or down (respectively left or up) key is pressed,the
buttonwith thenext higher(respectively lower) index accordingto theindex of the
currentlyselectedbuttonis selected.

Figure5.2 shows a menuwherethe buttonsareplacedin lines andcolumns.
Theupperleft buttonhasindex 1, theupperright index 2, etc. In thecasebutton
with index 1 is selectedandkey down is pressed,thebuttonwith index 3 should
be selected.In that casethe menutag canhave a columnsattribute that setsthe
numberof columnsperline, sothatif key up or down is pressedthecorrectindex
is used.

Building a MMBox-A pplication menu: an example

Building a menuasshown in �gure 5.2 on page48 �rst needssomegraphicsfor
showing the buttons. The graphicscanbe paintedwith any tool that canexport
its imagesto PNG format. The backgroundscreenhasa size of 720x576pix-
els. So the sizeof a button shouldnot extend this boundary. To place4 menu
buttonson thescreeneachbutton shouldbe about190x190pixels,but this value
canbe adjustedindividually. Figures5.5, 5.7, 5.9 and5.11 show the unselected
menubuttonsfor the DVD player, CD player, TV playerandMP3 player. Fig-
ures5.6, 5.8, 5.10and5.12show its correspondinggraphicsif they areselected.

Now anXML �le mustbecreatedwheretheindex andpositionof eachmenu
buttonis set.In thefollowing XML �le it is assumedthatthePNG�les arestored
in thelocal “icon” directory.

<?xml version =" 1.0" ?>

<configuration >
<menu id ="MainMenu " columns =" 2" >
<entry index = "1"

on = "icon /dvd .2.png "
off = "icon /dvd .1.png "
x = "86"
y = "50" >DVDPlayer </ entry >

<entry index = "2"
on = "icon /tv .2.png "
off = "icon /tv .1.png "
x = "446"
y = "50" >DVB-TV</ entry >

<entry index = "3"
on = "icon /cd .2.png "
off = "icon /cd .1.png "
x = "86"
y = "338" >AudioCD </ entry >
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Figure5.5: UnselectedDVD Menu-
Button.

Figure 5.6: SelectedDVD Menu-
Button.

Figure 5.7: UnselectedCD Menu-
Button.

Figure5.8: SelectedCD Menu-But-
ton.

Figure 5.9: UnselectedTV Menu-
Button.

Figure5.10:SelectedTV Menu-But-
ton.

Figure5.11: UnselectedMP3 Menu-
Button.

Figure 5.12: SelectedMP3 Menu-
Button.
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<entry index = "4"
on = "icon /mp3 .2.png "
off = "icon /mp3 .1.png "
x = "446"
y = "338" >MP3Player </ entry >

</ menu>
</ configuration >

This XML �le describesone menuwith 4 menubuttons. Each“entry” tag
describesonebutton. For examplethe �rst button thatshouldrepresenttheDVD
playertakesits graphicfrom the�les “icon/dvd.2.png”and“icon/dvd.1.png”(see
�gures 5.5, 5.6). It is placedat position86, 50 with index 1. This meansit is the
�rst buttonthatis selectedif themenuisentered.Themenuitself hasgotacolumns
attribute with a valueof 2 becausethebuttonsarearrangedin a square,so that it
canbenavigatedcorrectlyup,down, left andright likementionedin section5.2.2.

The contentof the “entry” tag is setto “DVDPlayer” that meansif thereis a
menuwith this id, it will beenteredif the“Enter” key is pressed.If this id isn't a
menuid, thestatethatis registeredwith this id is called.This will bedescribedin
section5.3. If this id is neitheramenunora registeredstate,nothingwill happen.

5.3 Statemachine

Sofar thereareseveral independentsub-parts(MP3-,DVD-, CD-PlayerandTV),
eachof themwith a specialbehavior. Somecanplay �les from disk andtherefore
they needa selectionbox (seesection4.6.1) wherethe usercanselectthe �les,
othersneedto display titles of an AudioCD. But also the user input differs: a
pushon the pausebutton simply pausesa playing AudioCD, but a pushon the
samebuttonin theTV applicationstartsthecompletetimeshiftingmechanism(see
section5.5.3). In thefollowing eachsub-partof theMMBox-Application is called
state.

The stateexpressionis usedbecausethe MMBox-Application switchesto a
completelynew behavior if it is switchedfrom amenuto aplayeror from aplayer
to anotherplayer. So if a key is pressedit mustbe decidedwhich stateshould
receive this key. A variant of the statepatterndesignthat is describedin [14]
is usedto alter the behavior of the MMBox-Application. Figure 5.13shows the
generalstructureof userinputs.

Theclass MMBoxApplication hasfunctionslike Up() , Down() , Left() ,
Right () , etc.

class MMBoxApplication {
public :

Result Up( MMBoxApplication * );
Result Down( MMBoxApplication * );
Result Left ( MMBoxApplication * );
Result Right ( MMBoxApplication * );
Result Return ( MMBoxApplication * );
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Figure5.13:TheMMBox-ApplicationStateMachine.

Result Back ( MMBoxApplication * ) ;
Result doInitialize ( MMBoxApplication * );
Result doUninitialize ( MMBoxApplication * );

};

This functionsarecalledif thecorrespondingkey on thekeyboardor remotecon-
trol is pressed.Thereforea keyboardproducer, a remotecontrol producer(see
section4.5) andaneventdispatcher(seesection2.2) areused.Thedispatchercalls
thefunctionof theclass MMBoxApplication , soeacheventis registered:

( EventDispatcher *) dispatcher ->registerEvent ("KEY_Up " ,
new TEDObject0 <MMBoxApplication >(

(MMBoxApplication *) app ,
&MMBoxApplication ::Up ));

The KEY_Upstring is generatedby producers.So eachproduceris �rst con-
nectedto theeventdispatcher:

Xproducer .registerXDisplayNode (
(XDisplayNode *) app-> getDisplayNode () );

Xproducer .readConfig ("configurationfile .xml" );
Xproducer .connectTo ((EventDispatcher *) dispatcher );
Xproducer .start () ;
LircProducer .readConfig ("remote .conf " );
LircProducer .connectTo ( dispatcher );
LircProducer .start ();

All statesaresubclassesfrom the class MMBoxState thathasthesamein-
terfacefor the userinput like the class MMBoxApplication . The latter class
delegatesstate-speci�crequeststo the actualselectedstate. Internally the class
storesthestateswith a stringidenti�er, sofor examplea DVD-Playerstateis reg-
isteredwith its correspondingMMBoxState objectby calling:

MMBoxApplication app;
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app. registerState ("DVDPlayer " ,
new DvdState ("DVDPlayer " , &app));

“DVDPlayer”is astringidenti�er for thestate.Thatcanalsobeusedto activate
thisstatefrom anautomaticallygeneratedmenu(seesection5.2.2).

The class DvdState is a subclassof MMBoxState andcontainsall func-
tionsthatareneededto playaDVD-Video(chapterselection,NMM nodeconnec-
tions,etc).Thisclassstructurecanlook like:

class DvdState : public MMBoxState {
public :

Result Up( MMBoxApplication * );
Result Down( MMBoxApplication * );
Result Left ( MMBoxApplication * );
Result Right ( MMBoxApplication * );
Result Return ( MMBoxApplication * );
Result Back ( MMBoxApplication * );
Result doInitialize ( MMBoxApplication * ) ;
Result doUninitialize ( MMBoxApplication * );

};

As theMMBox-Applicationstoresall globalnodesandsomeusefulfunctions
for nodehandling,a pointer to the MMBox-Application instancemustbe given
to thestate,so it hasaccessto this functions. Therea two specialmethods.The
�rst oneis calleddoInitialize () andcouldbecomparedwith theconstructor
of a class. It is alwayscalledat thebeginningwhenswitchingto thegiven state.
The secondone is calleddoUninitialize () and it is calledbeforeswitching
to anotherstate.It couldbecomparedwith thedeconstructorof a class.Thestate
switchingisdoneby callingthechangeState methodthatneedsastringidenti�er
of astate.

5.4 XMLMenuP arser

Theclass XMLMenuParser cangeneratea menuautomaticallywheredifferent
buttonscanbeselected.It takesacon�guration�le (seesection5.2.2) wherethese
menusare speci�ed. The parsergeneratesfor eachmenua specialstatecalled
AutoMenu.

class AutoMenu : public MMBoxState {

public :

/��
� constructor needsa string id that identi�es the class
� \ paramid the menuid string
� /

AutoMenu ( string , MMBoxApplication * );
~AutoMenu ();
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void addButton ( int buttonid , string label, int x, int y,
string unselected_id , string selected_id );

void setStep ( unsigned int s );

Result Up() ;
Result Down();
Result Left ();
Result Right ();
Result Return ();
Result Back ();
Result doInitialize ( string );
Result doUninitialize ();

};

TheXML �le describedin 5.2.2is parsedandfor each“entry” tagthemethod
addButton (...) is calledthataddsa buttonto themenuwith thegivenbitmap
�les (unselected_id,selected_id) at thegiven position(x andy). The “buttonid”
containstheindex of thebuttonandthe“label” getstheid of thestatethatshould
beenteredif thebuttonis pressed.

5.5 States

Statesaretheimplementationof theindividualplayersof theMMBox-Application.
In thefollowing sectionseachstateis described.

5.5.1 AutoMenu

Like seenin section5.4, the XML menuparsergeneratesthe AutoMenu state
(or states)automatically. It representsa whole menuwherethe usercanbrowse
throughandswitchto anothermenuor player. Theuserinputcandiffer depending
on thelook of themenu(seesection5.2.1).

5.5.2 DVD-Player

TheMultimedia-BoxDVD playercanplay DVD-Videos.It outputsthemovie on
the displayanddown-mixesthe AC3 soundto stereo,so it canbe playednearly
on all soundcards.Eachtitle andchapterof the DVD-Video canbe selectedby
theremotecontrol.Theselectionof chapterandtitle is realizedby aselectionbox
wherethedifferentchapters/titlescanbeviewedby pressingtheup/down andplay
buttonon theremotecontrol.

� By pressingtheupanddown keysthechapterandtitle selectionmenupopps
up (�gure 5.14). A new chapter/titlecanbeselected.

� Whenpressingthekey “Return” theselectedchapter/titlewill beplayed.
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Figure5.14:DVD Selectionof title andchapter.

� Whenpressingthekey “q”, it will beswitchedto themainmenu.

Thegraphicalselectionmenuslike thoseof a stand-aloneDVD playerarenot
implementedyet,but will beaddedin thefuture.

Besidetheglobalnodestheplayerconsistsof 4 nodes:

� DVDReadNode(seesection4.1.2)

� MPEGDemuxNode(seesection4.3.1)

� MPEGVideoDecodeNode(seesection4.4.1)

� AC3DecodeNode(seesection4.2.4)

The connectionof thesenodesis shown in �gure 5.15. The DVDReadNode
readsandparsestheDVD-VideostreamandoutputsanMPEG2programstream.

XDisplay-
Node

Playback-
Node

AC3-
DecodeNode

Nodes of mmbox application
DVDReadNode MPEGDemux-

Node

MPEGVideo-
DecodeNode

OSDOverlay-
Node

Figure5.15:Nodeconnectiongraphfor DVD application.
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TheMPEGDemuxNodesplits this streaminto anaudioandvideostreamthatare
sentto thecorrespondingdecoders.These�nally sendthedecodedstreamdatato
theoutputnodes.

5.5.3 DVB-TV

TheMultimedia-BoxTV-applicationcurrentlysupportsdigital satellitetelevision
(DVB-s) including timeshiftingcapabilities(pauseandseeking).Becauseof the
limitations of the currentLinux DVB driver (seesection4.1.3) hardwareMPEG
decodingis only possiblefor live-pictures(if the usedDVB cardhasan MPEG
decoder).So live andtimeshiftingmodesneeddifferent�o w graphswhich must
beswitchedaccordingto theactionsausercaninitiate.

TheTV-applicationconsistsof 7 nodes:

� DVBReadNodein YUV-mode(seesection4.1.3)

� DVBReadNodein MPEG-mode(seesection4.1.3)

� MPEGTimeshiftingNode(seesection4.3.2)

� MPEGDemuxNode(seesection4.3.1)

� MPEGVideoDecodeNode(seesection4.4.1)

� MPEGAudioDecodeNode(seesection4.2.3)

� DevNullNode(simplydiscardsincomingbuffers)

The applicationstartsin live-mode(see�gure 5.16) wherethe hardware-de-
codedYUV-framesare simply forwardedto the OSDOverlayNode. To support

DVBRead-
Node

(YUV)

DVBRead-
Node

(MPEG)
MPEGDemux-

Node

MPEG
Time-

Shifting-
Node

MPEGAudio
Decode-

Node

MPEGVideo
Decode-

Node

DevNull-
Node

XDisplay-
Node

OSDOverlay-
Node

Nodes of mmbox application

Playback-
Node

Figure5.16:Flowgraphfor DVB state(live).
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Figure5.17:Flowgraphfor DVB state(timeshifting).

'instant-replay' (watchingapproximatelythe last 30 secondsagain)a secondin-
stanceof theDVBReadNodeproducingMPEGbuffersis connectedto theMPEG-
TimeshiftingNode.Although thenodeis connectedto theMPEGdecodergraph,
in live-modeno bufferswill leave theMPEGTimeshiftingNode.

Calling pauseor instant-replay(mappedto the rewind key), timeshifting is
startedandtheinitial �o w graph(see�gure 5.16) is switchedto theoneshown in
�gure 5.17. This is doneby disconnectingtheOSDOverlayNodefrom theDVB-
ReadNodein YUV-modeandconnectingit to theMPEGvideodecoderwhereit
replacesthe DevNullNode. In timeshifting-modethe playbackcanbe controlled
like a VCR. The playbackcanbe paused,fast-forwardedor rewindedusing the
VCR controlkeys on theremotecontrol(if usingthedefault con�guration). Fast-
forwardingof courseworksonly until the' live-position'is reachedandonrewind,
playbackstartsat the positionwhentimeshiftingwasstarted.The stopkey tem-
porarydisablestimeshifting. This meansa live pictureis shown andpressingthe
playkey startsplaybackat thepositionwhenstopwaspressed.If pressingstopfor
a secondtime, the�le thatwasusedfor databuffering is deletedanda livepicture
canbewatched.

Channel-switchingis only allowedwhile in live-mode.Thiswasdonebecause
a userexpectsa responseif pressinga key and it would not be intuitional if a
channel-switchcould be seen�rst minutesafter the key waspressed(maybeby
mistake). Live-modecanbe reachedeitherby stoppingtimeshifting(deletesthe
buffer-�le) or by fast-forwarding to live-position(without destroying the previ-
ouslyrecordeddata).Thefull statetransitiondiagramis shown in �gure 5.18.

Keyboardcontrolis doneusingthefollowing keys:

� Up anddown keys areusedfor channelswitching.

� The“p” key togglespausemode.

� Pressingthe“l” key (live) stopstimeshifting.If pressedtwice thebuffer �le
is deleted.
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Figure5.18:Statetransitiondiagramfor TV application.

� Forwardandbackwardseekingis doneusing“f ” and“r” keys.

� The“Enter” key startsnormalplaybackif seekingor enablestimeshiftingif
it wasstoppedbefore.

� Whenpressingthekey “q”, theTV applicationis stoppedandtheMultime-
dia-Boxshows up themainmenu.

5.5.4 CD-Player

A basicneedfor theMultimedia-Boxis a CD-Player(�gure 5.20shows a screen-
shot). The stateinstantiatesa CDDANode (seesection4.1.1), connectsit to the
globalPlaybackNodeandstartsthis �o w graph.

As playinganAudioCD doesnot producevideodata,thedefault background
is kept. Thecontentsof the AudioCD – provided by theCDDANodevia CDDB

XDisplay-
Node

OSDOverlay-
Node

Playback-
Node

PNGReadNode

CDDANode

Nodes of mmbox application

Figure5.19:Nodeconnectiongraphfor CD-Playerstate.
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Figure5.20:TheCD-Playerin action.

– is presentedin a List Box (seesection4.6.1) via theOSD.Thecurrentlyplayed
trackof theAudioCD is indicatedby a signin this List Box. Above theList Box,
theartistandtitle – providedby CDDANode– of theAudioCD is displayed.The
connected�o w graphfor theCD-Playercanbeseenin �gure 5.19.

Two entriesin thecon�guration�le (seesectionD.1) areusedin theCD-Player
state.The�rst oneis “cddb” whichmustbesetto “true” if theuserwantsto query
a CDDB server to get informationson theAudioCD. This optionwasintroduced
to avoid problemsonmachinesnotconnectedto theinternet.Thesecondoptionis
called“cddbserver”. If it is setto a value,this valueis usedashostnamefor the
CDDB server to contactto insteadof thedefault one.

While playingtheAudioCD, theuserhasdifferentpossibilitiesto interact.As
the buttonson the remotecontrol canbe freely programmed,only the keyboard
keys arereferredfor this interactions:

� Pressingtheup anddown keys will tell theCD-Playerto switchto thenext
respectively previoustrackon theCD. If thecurrenttrackis thelastrespec-
tively �rst track of the AudioCD, it will automaticallyswitch to the �rst
respectively lasttrack.

� Pressingthekey “p” oncewill pausetheplayback.Pressingit anothertime
will continueplayback.

� Theusercanseekforward(key “f ”) andbackward(key “r”) by 4 seconds.

� Thekey “l” startslivemode.

� Whenpressingthekey “q”, the CD-Playeris stoppedandtheMultimedia-
Box is switchedto theCD-Player's parentmenu.
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Figure5.21:Nodeconnectiongraphfor CD-Grabberstate.

5.5.5 CD-Grabber

TheCD-Grabberconvertsthetracksof thecurrentlyinsertedAudioCD into MP3
�les, sothatthey canbelistenedto laterusingtheMP3-Player.

Thevisual interfaceis basedon thatof theCD-Player. Currently, theuserhas
nopossibilityto interactwith theCD-Grabberbut to stopencodingby pressingthe
key “q”. This will notify themainapplicationto returnto thepreviousmenuand
leave theaudio�les asalreadywritten.

Internally, the CD-Grabberinstantiatesthe CDDANode for readingthe Au-
dioCD dataandconnectsit via the MPEGAudioEncodeNodeto a GenericWrite-
Node. As in the CD-Player, the CD-Grabberutilizes the CDDB capabilitiesof
theCDDANodeto generate�le namesanddirectorieswith artistandtracknames
for its outputinsteadof namingthe �les with “Track 01.mp3”for example. The
complete�o w graphof the stateis shown in �gure 5.21. As no audibleoutput
is generated,thePlaybackNodefrom themainapplicationis not connected.The
video�o w graphworksthesamewayasin theCD-Playerstate(seesection5.5.4).

The CD-Grabberis alsocapableof writing “playlist �les” readableby most
desktopMP3 playersto play thegeneratedaudio�les in theorder, in which they
appearon the AudioCD. Theseplaylist �les aretext �les with the suf�x “.m3u”
with one�lename per line in the desiredorder. The CD-Grabberstategenerates
this �le whenit startsand�lls it with all MP3 �lenamesto bewritten. It getsthe
informationneededthereforewhenit generatesthelistbox for theOSD.The�le is
thenstoredwith a �lename generatedfrom theartist andtitle of theAudioCD in
thesubdirectory“playlists” from thedirectory, wheretheaudio�les arewritten to.

As theCD-Grabberusespartsof theCD-Playerstate,it usesthesettingsfrom
thecon�guration �les (seesectionD.1) for theCD-Playeraswell assomespecial
settingsfor this state. To be able to listen to the recordedaudio, it even usesa
settingfrom theMP3 state.Thesettingsusedare:

� “grabmp3bitrate”is usedto setthebitrateof theMP3 �les whenencoding.

� “grabmp3quality”is usedto specifythe encodingformat. The valuerange
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Figure5.22:Nodeconnectiongraphfor MP3 state.

goesfrom 0 up to 9. A highervaluemeansabetterquality.

� “grabdestinationdirectory” speci�es the directoryunderthe “mp3rootpath”
(seesection5.5.6), wheretheoutput�les shouldbestored.

� “grabcreateplaylist” is usedto decidewhetherto createplaylistsfor desktop
MP3 playersor not.

� “cddb” shouldindicatethataCDDB query(seesection4.1.1) shouldbeused
to getartistandtracknames.Thisoptionis reusedfrom theCD-Playerstate.

� “cddbserver” is alsoreusedfrom theCD-Playerstatewith thesameseman-
tics.

� “mp3rootpath”indicateswheretheaudio�les shouldbewritten to.

5.5.6 MP3-Player

TheMultimedia-BoxMP3 playeris thepartof theapplicationthatis ableto play-
backtheMP3�le ontheharddiskof thebox(ascreenshotis shown in �gure 5.23).
It displaysthecontentof a folder in a ListBox (seesection4.6.1). Onecanmove
aroundwith the remotecontrol or the keyboardandselectthe �le to play or the
folder to enter. Figure5.22shows how thenodesareconnectedin thisstate.

The MP3 player statereadsa variablefrom our commoncon�guration �le,
(seeappendixD.1), which is called“mp3rootpath”there. This variablecontains
the basedirectory for all mp3 �les the box canplay. Knowing this initial path,
all entriesin this directoryarescanned.The entriesaresortedby �rst taking all
sub directoryentries,sorting them alphabetically, then taking all entriesending
with “.mp3”, sortingthemalphabeticallyandappendingthemto thelist of (sorted)
directories.

The sortedlist is thenaddedto an OSD List Box which is displayedvia the
OSDOverlayNode.With thefunctionalityof thisList Box (comparesection4.6.1)
the usercanmove up anddown in the list andselectthedifferententries.When
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Figure5.23:TheMP3 playerplayingaMP3 �le.

a directoryis selected,the actualpath is set to this directoryandits own entries
aredisplayed.Thereis alwaysanentrycalled“..” to go up to theparentdirectory
(theroot directoryhasno parent).WhenaMP3 �le is selected,theevent“use�le”
is sentto theMP3ReadNode,which tells it to usetheactual�le for reading.All
nodesin theaudiopartof thechainarestartedthen,andtheMP3 �le is decoded
andplayedback.

While the �le is beingplayed,it is still possibleto navigatethroughtheMP3
directory tree, and look out for other songs. The nameof the currentlyplayed
�le is alwaysshown at thebottomof thedisplay. If anotherMP3 �le is selected,
theplaybackof thecurrent�le is stoppedandtheselected�le is setastheactual
oneandplayedback. If theendof a �le is reached,theMP3 playerreactsto the
event “end_track”. The next �le in the list is selectedandplayed. This is useful
for playingwholedirectoriesandavoidsthattheuserhasto selectanew songeach
timetheold oneends.A list of thepossiblekeysandtheaccordingactionsfollows.
As thebuttonsontheremotecontrolcanbefreelyprogrammed,only thekeyboard
keys arereferred:

� Theup anddown keys areusedto scroll throughthelist of �les.

� To pausethe playback,the key “p” hasto be pressedonce. To continue
playback,it hasto bepressedagain.

� Seekingforwardcanbedoneby pressing“f ”, seekingbackwardby pressing
“r”.

� To leavetheMP3-Player, thekey “q” hasto bepressed.TheMultimedia-Box
is switchedto theMP3-Player's parentmenuthen.
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5.5.7 Adding a new state

TheMMBox-Application canexpanededwith new players,encoders,etc. There-
fore thenew statemustbederivedfrom theclass MMBoxState :

class NewState : public MMBoxState {

public :

NewState ( string , MMBoxApplication * );
~NewState ();

Result Up();
Result Down() ;
Result Left () ;
Result Right () ;
Result Return ();
Result Back () ;
Result doInitialize ();
Result doUninitialize ();

protected :
OSDOverlayNode * osd_node ;

};

The constructorneedsa string id that identi�es the stateandit getsa pointer
to theMMBoxApplication. In theconstructura pointerto theOSDOverlayNode
shouldberequestedfrom theMMBoxApplication:

NewState :: NewState ( string id, MMBoxApplication * _app ):
MMBoxState ( id, _app ){

osd_node = app->getOsdNode ();
}

So the capabilitiesof the OSDOverlayNode(section4.4.3) canbe usedfor own
purposes.If the new stateis activatedthe doInitialize () methodis called.
As thereis no graphthat is connectedat this point, theMMBoxApplicationoffers
the methodcreateDefaultGraph () to createa default graphandthe method
startDefaultGraph () to startthisgraph.Figure5.24shows thisdefault graph.
The PNGReadNodereadsa imageandsendsthe RGB datato the RGBtoYV12-
ConverterNodewherethedatais convertedto YV12. Thisdatais sentto theOSD-
OverlayNodeand�nally sentto theDisplayNode.

Hereis a framework for thedoInitialize () method:

Result NewState ::doInitialize () {

if ( FAILURE == app->createDefaultGraph () ){
return FAILURE;

}
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Figure5.24:Nodeconnectionof theMMBox default graph.

if ( FAILURE == app-> startDefaultGraph () ){
return FAILURE;

}

return ( SUCCESS);
}

If a new video sourceshouldbe connected,it shouldbe connectedto the OSD-
OverlayNode.First thePNGReadeNodeandRGBtoYV12ConverterNodeshould
bestopped,deactivatedanddisconnectedfrom theOSDOverlayNode.With

disconnectDefaultGraph ()

thedefault graphshouldbedisconnectedif thestateis �nished:

Result NewState :: doUninitialize () {

app-> disconnectDefaultGraph ();

return ( SUCCESS);
}

At lasttheXML �le mustbeadjusted.A new menubuttonfor theNewStatemust
beaddedbetweena “menu” tag:

<entry index = "1"
on = " onpicture .png "
off = " offpicture . png"
x = " 10"
y = " 10" >NewState </ entry >

To make thenew stateknown to theMMBox-Application,it is registeredwith:

MMBoxApplication app;
app .registerState ("NewState " ,

new NewState ("NewState " , &app)) ;

65



Appendix A

Operating Systemand Dri vers

Obviously, beforerunningany of thedescribedsoftware,onehasto installandcon-
�gure Linux on thedestinationcomputer. Therearemany waysto install a Linux
system. One of most con�gurable ways is to usethe free Debiandistribution1.
Detailsabouttheinstallationcanbefoundat [5].

TheNMM softwareis not boundto theDebianlinux distribution andcanalso
becompiledandexecutedon any otherLinux distribution.

Thefollowing descriptionof how to install therequireddriversis basedon the
assumptionthattheuserhasinstalledaDebianLinux system.Somethingsmaybe
handleddifferentlyin otherdistributions.

A.1 Matr ox Mar vel G400dri ver

XFreeaswell asMatroxprovideX11 driversfor theG400.But bothof themsuffer
supportfor Xv-ExtensionandhaveblackbordersaroundthescreenonTV-Output.
To useTV-Out with scalabilityandfullscreenin overscanmode,the framebuffer
device is used.If thekernelhasno framebuffer support,a new onemustbecom-
piled like this:

1. switchto /usr/src/linux

2. type: make menuconfig

Hereis a list whatshouldbeenabledin a 2.4kernel. (M) indicatesthatthis
driver shouldbeamodule:

� Codematuritylevel options->Promptfor development. . .

� Processortypeandfeatures->MTRRsupport

� (M) CharacterDevices->I2CSupport

� (M) CharacterDevices->I2Cbit-banginginterfaces

1http://www.debian.org/
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� Consoledrivers->Frame-buffer support->Supportfor frame.. .

� Consoledrivers->Frame-buffer support->VESAVGA . . .

� Consoledrivers->Frame-buffer support->Matroxacceleration

� Consoledrivers->Frame-buffer support->G100/G200/.. .

� Consoledrivers->Frame-buffer support->MatroxI2C support

� (M) Consoledrivers->Frame-buffer support->G400second. . .

� (M) Consoledrivers->Frame-buffer support->G450second. . .

� Consoledrivers->Frame-buffer support->Multiheadsupport

3. Save thecon�guration

4. type: make-kpkg --revision=1 buildpackage

5. switchto /usr/srcandinstall thenew kernelwith

dpkg -i kernel-doc-2.4.x_1_all.deb \
kernel-headers-2.4.x_1_i386.deb \
kernel-image-2.4.x_1_i386.deb

6. run lilo again

Thena X11 con�gurationcanbecreatedwith a framebuffer driver (by chang-
ing the “driver mga” entry with “driver fbdev” entry). On the Multimedia-Box
therearetwo X11 con�guration layouts. With startx,the normalMGA driver is
used,if theX server is startedwith

startx -- -layout TV

the framebuffer driver is used. To usethe TV output,someregistersof the
Matroxcardmustbechangedwith thecommands“fbset” and“matroxset”.These
can be found in the “TVout” directory from MPlayer [27]. First the command
“mga_modules”mustbe startedto loadsomespecialMatrox modules.ThenTV
outputcanbe startedwith “mga_cloning”. Now the TV screenshouldshow the
samethingslike themonitor. If not, probablythetiming of theX con�guration is
wrong.Goodtiming valuesareshown below.

Mode "720x576"
DotClock 42.5
HTimings 720 720 766 784
VTimings 576 586 590 629
Flags "-HSync" "-VSync"

EndMode

That meansa resolutionof 720x576is usedif TV output is active. With the
DotClock settingthe frame rate can be adjusted(hereit is 85Hz). The H- and
VTimingsshouldnot bechanged.If TV outputis activatedwith “mga_cloning”,
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the framerateof themonitor is adjustedto the framerateof theTV. That means
about50Hzon the monitor. The disadvantageof the TV outputmodeis that the
framebuffer devicecannotusetheXv-extensionwith its YV accelerationandhard-
warescaling.But thereisaspecial“Matrox acceleration”with adriverthatis found
in the “drivers” directoryof theMPlayeraswell to load this driver the following
hasto bedone:

1. type: insmod mga_vid.o mga_ram_size=16

2. type: mknod /dev/mga_vid c 178 0

3. with mga_vid_test thedriver canbetestedif it workscorrectly

In thefollowing, thereis aninstructionhow theabove driversanddevicescan
beloadedandcreatedautomaticallywhile booting:

1. copy all drivers(for examplemga_vid.o)thatareneededto:

/lib/modules/<kernel_version>/misc/

2. type: depmod -a

3. insertneededmodulesin /etc/modules:

mga_vid #needed for acceleration
i2c-matroxfb #needed for TV out
matroxfb_maven #needed for TV out

4. createa �le /etc/modutils/mgawith following content:

options mga_vid mga_ram_size=16

5. type: update-modules , sotheparameterwill beenteredin modules.conf

6. to createthe/dev/mga_viddevice,aninit scriptis created:

� switchto: /etc/init.d

� createanew �le (calledmmbox)with following content:

###########################################
#! /bin/sh
#
# This is an init script for the MMBox.
#
MGADEV=/dev/mga_vid

case "$1" in
start)

echo -n "Applying MMBox patches: "
echo -n "Creating mga device"
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if [ ! -c $MGADEV]; then
mknod $MGADEVc 178 0

fi
chmod 664 $MGADEV
chgrp mmbox $MGADEV
echo "."
;;

stop)
echo -n "Disapplying MMBox pacthes"
echo "."
;;

reload|force-reload)
$0 stop
$0 start
;;

restart)
$0 stop
$0 start
;;

*)
echo "Usage: /etc/init.d/mmbox
{start|stop|reload|restart|force-reload}"
exit 1
esac

exit 0
########################################### #

Hereall commandscanbeenteredthatshouldbeexecutedon startup,shut-
down etc.

7. type: update-rc.d -n mmbox defaults 90 to generatesymlinksfor thediffer-
entrun levels.

A.2 LIRC dri ver

TheLIRC packagecanbe obtainedasa Debianpackagewhich canbe easilyin-
stalled.

To learnmoreaboutLIRC, we decidedto get the sourcepackagefrom [11].
It canbe easilyunpacked, andsimply be build with ./configure , make and make

install asroot.
Thelircd shouldbestartedautomaticallyat boottime. This is only possibleif

theserialportsarecon�gured into thekernelasa module.Additonally, thedevfs
entrieshave to bemodi�ed, soa /dev/ttyS0doesexist.

Thereis a standardLIRC startupscriptdeliveredwith theDebianLIRC pack-
age. As lircmd isn't needed,this scriptwaschanged.Below is the init script for
lircd thatwasadaptedfrom thestandardDebianscript:

#! /bin/sh
#
# This is an init script for Debian 2.1 Slink distribution.
# Copy it to /etc/init.d/lirc and type
# > update-rc.d lirc defaults 20
#
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# modified by Patrick Cernko and Markus Sand
#

test -f /usr/local/sbin/lircd || exit 0

setserial /dev/ttyS0 uart none || exit 0

case "$1" in
start)

echo -n "Loading lirc module: lirc_serial"
modprobe lirc_serial 2>&1 > /dev/null
echo "."
echo -n "Starting lirc daemon: lircd"
start-stop-daemon --start --quiet \

--exec /usr/local/sbin/lircd \
-- --device=/dev/lirc

echo "."
;;

stop)
echo -n "Stopping lirc daemon:"
echo -n " lircd"
start-stop-daemon --stop --quiet \

--exec /usr/local/sbin/lircd
echo "."
echo -n "Unloading lirc module: lirc_serial"
modprobe -r lirc_serial 2>&1 > /dev/null
echo "."
;;

reload|force-reload)
start-stop-daemon --stop --quiet \

--signal 1 \
--exec /usr/local/sbin/lircd

;;
restart)

echo -n "Stopping lirc daemon:"
echo " lircd"
start-stop-daemon --stop --quiet \

--exec /usr/local/sbin/lircd
echo -n "Unloading lirc module: lirc_serial"
modprobe -r lirc_serial 2>&1 > /dev/null
echo "."
sleep 1
echo -n "Loading lirc module: lirc_serial"
modprobe lirc_serial 2>&1 > /dev/null
echo "."
echo -n "Starting lirc daemon: lircd"
start-stop-daemon --start --quiet \

--exec /usr/local/sbin/lircd \
-- --device=/dev/lirc

echo "."
;;

*)
echo "Usage: $0 {start|stop|reload|restart|force-reload}"
exit 1

esac

exit 0

Whenstarting,the modulefor LIRC, the “lirc_serial” moduleis loaded�rst
and then the lircd is started. Whenstopping,�rst lircd is stoppedand then the
moduleis unloaded.
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A.3 DVB dri ver

Linux driversfor SiemensDVB cardscanbedownloadedat linuxtv.org2 assource
codeor asDebianpackage.After compilingthedriverswith ./configure andmake,
a make insmod (asroot) installsthemuntil thenext reboot.

A.4 Sounddri ver

Thekernelbuild-in driver isn't usedasthedriverprovidedby theALSA-project[1]
offersbettersupportandmore�e xibility.

To install this driver, thefollowing �les from theALSA-projecthomepage[1]
mustbedownloaded:

� alsa-driver-X.tar.bz23

� alsa-lib-X.tar.bz23

� alsa-utils-X.tar.bz23

� alsa-tools-X.tar.bz23

� alsa-oss-X.tar.bz23

Installingall packagescanbedoneby extractingthem,changingto thecreated
directoryandtyping ./configure; make; make install (thelastcommandmustbe
doneasroot).

If devfs is used,addthefollowing to the�le /etc/devfs/devices:

#alsa sound devices
admmidi0 c 14 14 root audio 0666
admmidi1 c 14 30 root audio 0666
admmidi2 c 14 46 root audio 0666
admmidi3 c 14 62 root audio 0666
adsp0 c 14 12 root audio 0666
adsp1 c 14 28 root audio 0666
adsp2 c 14 44 root audio 0666
adsp3 c 14 60 root audio 0666
aloadC0 c 116 0 root audio 0666
aloadC1 c 116 32 root audio 0666
aloadC2 c 116 64 root audio 0666
aloadC3 c 116 96 root audio 0666
aloadSEQ c 116 1 root audio 0666
amidi0 c 14 13 root audio 0666
amidi1 c 14 29 root audio 0666
amidi2 c 14 45 root audio 0666
amidi3 c 14 61 root audio 0666
amixer0 c 14 11 root audio 0666
amixer1 c 14 27 root audio 0666
amixer2 c 14 43 root audio 0666
amixer3 c 14 59 root audio 0666

2http://www.linuxtv.org/dvb/siemens_dvb.x ml
3TheX in thenamecouldbeany currentversionnumber
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audio0 c 14 4 root audio 0666
audio1 c 14 20 root audio 0666
audio2 c 14 36 root audio 0666
audio3 c 14 52 root audio 0666
dmfm0 c 14 10 root audio 0666
dmfm1 c 14 26 root audio 0666
dmfm2 c 14 42 root audio 0666
dmfm3 c 14 58 root audio 0666
dmmidi0 c 14 9 root audio 0666
dmmidi1 c 14 25 root audio 0666
dmmidi2 c 14 41 root audio 0666
dmmidi3 c 14 57 root audio 0666
dsp0 c 14 3 root audio 0666
dsp1 c 14 19 root audio 0666
dsp2 c 14 35 root audio 0666
dsp3 c 14 51 root audio 0666
midi0 c 14 2 root audio 0666
midi1 c 14 18 root audio 0666
midi2 c 14 34 root audio 0666
midi3 c 14 50 root audio 0666
mixer0 c 14 0 root audio 0666
mixer1 c 14 16 root audio 0666
mixer2 c 14 32 root audio 0666
mixer3 c 14 48 root audio 0666
music c 14 8 root audio 0666
sequencer c 14 1 root audio 0666
sndstat c 14 6 root audio 0666

To let devfs rereadthiscon�guration,theeasiestway is to rebootthesystem.
Beforethesoundcardcanbeused,thein- andoutputshasto beenabledasthey

aredisabledby default. Thiscanbedoneby usingamixer:

� type: amixer

A list of “groups”with their settingwill beseen.

� for eachgroupnamedo: amixer set <groupname> unmute

Now, thesoundcardshouldbereadfor a test.

A.5 LCD dri ver

The driver for the LCD was written from scratchby AndreasPomi and further
developedby us.Help how to write adriver wasmainlyprovidedby [28].

The header�le for the driver – lcd_2x20 .h – providesa structLCDctrl for
deliveringdatato thedisplay, andsomede�nesto specifythedifferentcommands
andthepositionsof theuserde�ned characters:

#define LCD_WRITE 10
#define LCD_CLEAR20
#define LCD_WRITE_CHAR30
#define LCD_DEC_USE_COUNT40
#define CHARNUM_UP_ARROW0x0
#define CHARNUM_DOWN_ARROW0x1
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#define CHARNUM_TRADEMARK_T0x2
#define CHARNUM_TRADEMARK_M0x3
#define CHARNUM_BAR10x4
#define CHARNUM_BAR20x5
#define CHARNUM_BAR30x6
#define CHARNUM_BAR40x7
#define CHARNUM_BAR50xff // can' t write more than8 user
// de�ned characters , and" all pixels on" wasalready de�ned as 0 xff .

const unsigned char LCD_CHAR_BAR1[] = {
0x10, // ��� 10000
0x10, // ��� 10000
0x10, // ��� 10000
0x10, // ��� 10000
0x10, // ��� 10000
0x10, // ��� 10000
0x10, // ��� 10000
0x10 // ��� 10000

};

[...]

struct LCDctrl
{

unsigned char line0 [41];
unsigned char line1 [41];
int posx ;
int posy ;
unsigned char ch ;

};

Thecharacterpositionsdescribewhichvalueyouhave to setascharactervalue
to obtaintheaccordingcharacter. E.g. if youset

line0 [0]= CHARNUM_DOWN_ARROW

andsendthestructto thedriver, youwill seeadown arrow on thedisplay. The
down arrow is setasthesecondentryin thedisplaysinternalcharacterset(counted
from 0).

The struct LCDctrl can be usedto display arbitrary strings(build from
the charactersetof the display)on the display, clear the displayor seta single
characterat a given position. If you assumethat fd is the �le descriptorfor the
device /dev/ lcd/lcd_2x20 , youcansendtext with thefollowing command:

ioctl (fd , LCD_WRITE, &l );

In this case,the driver takes the two �leds from the struct LCDctrl and
displaysthem. The �elds posx , posy , andch areignoredhere. If you want to
write a singlecharacter, you have to provide thepositionof thecharacterin posx
andposy , andprovide thecharacterin ch . With thefollowing command,thechar
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andpositionarereadfrom struct LCDctrl andthecharis placedto thegiven
position.The�elds line0 andline1 areignoredhere:

ioctl (fd, LCD_WRITE_CHAR, &l);

To clearthewholedisplay, simplysend:

ioctl (fd, LCD_CLEAR, &l);

Thedriver is availableat [24].

A.6 KFIR dri ver

Thedriver for theKFIR cardcanbeobtainedfrom linuxtv.org4. It wasstill under
developmentwhile workingwith theKFIR card.

At thebeginningof this advancedpracticalproject,thedriver would only run
with kernel2.4.5or earlier. Dueto changesin thevideodev structurein thekernel's
“video for Linux” (v4l) interface, the driver would not work with newer kernel
versions.As therewerealreadynewer kernels,only kernel2.4.5wastestedin the
beginning. After sometime, a patchwasdonein theKFIR driver's CVS version
thatmadeit possibleto loadtheKFIR driver into thecurrentkernel(2.4.18at this
time). Thedriver canbeeasilycompiledif thekernelsourcesof thecurrentkernel
areinstalled.

Thereare still someannoying points when loading the driver: The system
freezesfor about10secondswhenloadingthedriver, andfor another2or 3seconds
whenclosingthe accordingvideodevice (e.g. by pressingCTRL-C while doing
a cat /dev/v4l/video0 > outfile.mpg ). This grievanceis dueto somesleep ()
andusleep () commandsin thedriver code.Accordingto thedriver developers,
thesesleepcommandsavoid acompletesystemlock uponsomesystems.Finding
thevaluesin thetargetsystemwhichareminimal to avoid “systemlockups”is left
opento thereader.

SomeproblemsoccurredalsowhenloadingtheDVB andtheKFIR driver to-
gether. The K�r driver hasto be loaded�rst, otherwisethe KFIR cardwill not
work correctly.

Thereare no ioctl () calls for passingoptionsto the card. Everything is
speci�edby moduleoptionswhenloadingthedriver. Thepossibleoptionscanbe
foundin sectionD.4.

4http://linuxtv.org/mpeg2/
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Appendix B

Cir cuit diagramsand device lists

B.1 Infrar ed receiver

Figure B.1 shows the circuit diagramfor a minimum IR receiver. Beneatha 9
pin SUB-D socket boardfor the solderedjoint the deviceslisted in table B.1 are
needed.This list wastaken- andtranslated- from [2].

TableB.2 shows thepin assignmentof theserialinterface.

B.2 LCD

In �gure B.2 youcanseethecircuit diagramof theLCD display, asit is connected
to theparallelport. All informationsabouttheLCD circuit weretakenfrom [30].
Thereadermaybeadvisedto checkthepin assignmentwhenusingothercircuits.
Theabove circuit is working, but therearesomefaulty circuits to befoundin the
internet.

OurLCD displayis astandardcharacterdisplaywith 2 lineswith 20characters
each,drivenbyaKS0076BchipfromSamsungElectronics.It canbeboughte.g.at

FigureB.1: Circuit diagramfor anIR receiver, takenfrom [2]

75
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Component Speci�cation

Diode(D1) 1N4148
Resistor(R1) 4,7kOhm
IR receiver module(IC1) TSOP1738oderSFH506-38
Potentialtransformer(IC2) 78L05,100mA
Condenser(C1) 10 � F, 16 V
Condenser(C2) 100nF

TableB.1: Device list for theIR receiver, takenfrom [2].

Name 25-Pin 9-Pin Explanation
RTS 4 7 RequestTo Send(power supply)
GND 7 5 Ground
DCD 8 1 DataCarrierDetect(IR signal)

TableB.2: Pinassignmentof theserialinterface,takenfrom [2].

FigureB.2: Connectioncircuit for theLCD - parallelport, takenfrom [30]

Component Speci�cation

Potentiometer 100Ohm
Potentiometer 10kOhm

TableB.3: Device list for theLCD displayconnectioncircuit.
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B.3.VGA-to-SCART converter

14
-VS

13
-HS

10
Gnd

BC 548 B3k3

1k2 820

68

optional:

VGA SCART

1
2
3
6
7
8
5
11

Connector
Shell

5,6,7,
8,Shell

15 R
11 G
7 B
13 R Gnd
9 G Gnd
5 B Gnd

21 Connector
Shell

20
-CS

17
Gnd

5,9,13,
17,21

16

1.5 V
Gnd

specific to our TV:

FigureB.3: Circuit diagramfor theVGA-to-SCART Converter, takenfrom [34].

ReicheltElectronics,Germany1, with theordernumber“LCD 202A”. Thedevice
list for thedisplaycanbefoundin tableB.3.

B.3 VGA-to-SCART converter

FigureB.3 shows thecircuit diagramof theVGA-to-SCART Converter. This in-
formationwastaken from [34]. Thedevice list for this convertercanbefound in
tableB.4.

Accordingto [34], for someTVs pin 16 of thescartconnectormustbeforced
high to beableto useRGB Scartinput. A voltageof 0.9to 3 V mustbeappliedto
thispin. That's why astandardbatterywith avoltageof 1.5V is connected.

1http://www.reichelt.de/
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CIRCUIT DIAGRAMSAND DEVICE LISTS

Component Speci�cation

Resistor 3.3kOhm
Resistor 1.2kOhm
Resistor 820Ohm
Resistor 68Ohm
Transistor BC 548B

TableB.4: Device list for theVGA-to-SCART Converter.

Below arethepin assignmentsfor theSCART andVGA plug,takenfrom [33].

SCART

2 1
0 8 6 4 2 0 8 6 4 2

+----------------------+
\ | | | | | | | | | | |

| | | | | | | | | | ||
+--------------------+
2 1
1 9 7 5 3 1 9 7 5 3 1

1 Right out 2 Right in
3 Left out 4 Audio Gnd
5 B Gnd 6 Left in
7 B 8 Source select (High = Video, Low = RF)
9 G Gnd 10 Reserved

11 G 12 Reserved
13 R Gnd 14 Reserved
15 R 16 Insert (High = RGB, Low = Video)
17 Sync / Video Gnd 18 Insert Gnd
19 Sync / Video out 20 Sync / Video in
21 Screen

VGA

1 R 6 R ret 11 MID 0
2 G 7 G ret 12 MID 1
3 B 8 B ret 13 HSYNC
4 MID 2 9 key 14 VSYNC
5 GND 10 SYNC ret 15 reserved
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Appendix C

SourceCode

As thereis not enoughroom to list all sourcesof the Multimedia-Boxsoftware,
only thenamesof thesource�les arelistedhere.Thesource�les areall contained
in theNMM 1 softwaredistribution.

� AC3AudioDecodeNode(seesection4.2.4)

– nmm/plugins/audio/ac3dec/AC3DecodeNode.cpp

– nmm/plugins/audio/ac3dec/AC3DecodeNode.hpp

� CDDANode(seesection4.1.1)

– nmm/plugins/audio/cdda/CDDANode.cpp

– nmm/plugins/audio/cdda/CDDANode.hpp

– nmm/plugins/audio/cdda/TableOfContents.cpp

– nmm/plugins/audio/cdda/TableIfContents.hpp

– nmm/plugins/audio/cdda/CDDBServer.cpp

– nmm/plugins/audio/cdda/CDDBServer.hpp

� DVBReadNode(seesection4.1.3)

– nmm/plugins/video/tv/dvb/DVBReadNode.cpp

– nmm/plugins/video/tv/dvb/DVBReadNode.hpp

– nmm/plugins/video/tv/dvb/vdr/channel.conf

– nmm/plugins/video/tv/dvb/vdr/dvbapi.cpp

– nmm/plugins/video/tv/dvb/vdr/dvbapi.h

– nmm/plugins/video/tv/dvb/vdr/recording.cpp

– nmm/plugins/video/tv/dvb/vdr/recording.h

1http://www.networkmultimedia.org/NMM/Dow nload/
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– nmm/plugins/video/tv/dvb/vdr/remux.cpp

– nmm/plugins/video/tv/dvb/vdr/remux.h

– nmm/plugins/video/tv/dvb/vdr/ringbuffer.cpp

– nmm/plugins/video/tv/dvb/vdr/ringbuffer.h

– nmm/plugins/video/tv/dvb/vdr/setup.conf

– nmm/plugins/video/tv/dvb/vdr/thread.cpp

– nmm/plugins/video/tv/dvb/vdr/thread.h

– nmm/plugins/video/tv/dvb/vdr/tools.cpp

– nmm/plugins/video/tv/dvb/vdr/tools.h

– nmm/plugins/video/tv/dvb/vdr/vdrcon�g.cpp

– nmm/plugins/video/tv/dvb/vdr/vdrcon�g.h

– nmm/plugins/video/tv/dvb/vdr/videodir.cpp

– nmm/plugins/video/tv/dvb/vdr/videodir.h

� DVDReadNode(seesection4.1.2)

– nmm/plugins/�le/DVD/DVDReadNode.cpp

– nmm/plugins/�le/DVD/DVDReadNode.hpp

� MP3ReadNode(seesection4.1.5)

– nmm/plugins/�le/mpeg/MP3ReadNode.cpp

– nmm/plugins/�le/mpeg/MP3ReadNode.hpp

� MPEGAudioDecodeNode(seesection4.2.3)

– nmm/plugins/audio/mpegdec/MPEGAudioDecodeNode.cpp

– nmm/plugins/audio/mpegdec/MPEGAudioDecodeNode.hpp

� MPEGDemuxNode(section4.3.1)

– nmm/plugins/av/mpeg/MPEGDemuxNode.cpp

– nmm/plugins/av/mpeg/MPEGDemuxNode.hpp

� MPEGTimeshiftingNode(seesection4.3.2)

– nmm/plugins/�le/timeshifting/MPEGTimeShiftingNode.cpp

– nmm/plugins/�le/timeshifting/MPEGTimeShiftingNode.hpp

– nmm/plugins/�le/timeshifting/�leb uffer.cpp

– nmm/plugins/�le/timeshifting/�leb uffer.hpp
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� MPEGVideoDecodeNode(seesection4.4.1)

– nmm/plugins/video/mpegdec/MPEGVideoDecodeNode.cpp

– nmm/plugins/video/mpegdec/MPEGVideoDecodeNode.hpp

� XDisplayNode(seesection4.4.2)

– nmm/plugins/video/display/X/XDisplayNode.cpp

– nmm/plugins/video/display/X/XDisplayNode.hpp

– nmm/plugins/video/display/X/XImg.cpp

– nmm/plugins/video/display/X/XImg.hpp

– nmm/plugins/video/display/X/XShmImg.cpp

– nmm/plugins/video/display/X/XShmImg.hpp

– nmm/plugins/video/display/X/XVirtualImg.hpp

– nmm/plugins/video/display/X/XvShmImg.cpp

– nmm/plugins/video/display/X/XvShmImg.hpp

� MatroxDisplayNode(seesection4.4.2)

– nmm/plugins/video/display/matrox/MatroxDisplayNode.cpp

– nmm/plugins/video/display/matrox/MatroxdisplayNode.hpp

� Examples

– examples/ac3/ac3play.cpp

– examples/cdda/cddaplay.cpp

– examples/cdda/grab2mp3.cpp

– examples/demux/demux.cpp

– examples/dvb_ts/write�le.cpp

– examples/dvb_ts/dvtest.cpp

– examples/dvb_ts/timeshifting.cpp

– examples/dvd/dvd2�le.cpp

– examples/dvd/dvdtest.cpp

– examples/mp3dec/mp3play.cpp

� MMBox-Application(seechapter5)

– apps/mmbox/mmbox.cpp

– apps/mmbox/menu/application.cpp

– apps/mmbox/menu/application.hpp

– apps/mmbox/menu/automenu.cpp
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– apps/mmbox/menu/automenu.hpp

– apps/mmbox/menu/ListBox.cpp

– apps/mmbox/menu/ListBox.hpp

– apps/mmbox/menu/XMLMenuParser.cpp

– apps/mmbox/menu/XMLMenuParser.hpp

� DVB-TV state(seesection5.5.3)

– apps/mmbox/states/dvb-tv/dvb.cpp

– apps/mmbox/states/dvb-tv/dvb.hpp

� DVD-Playerstate(seesection5.5.2)

– apps/mmbox/states/dvd/dvd.cpp

– apps/mmbox/states/dvd/dvd.hpp

� CD-Playerstate(seesection5.5.4)

– apps/mmbox/states/cd/cd.cpp

– apps/mmbox/states/cd/cd.hpp

� CD-Grabberstate(seesection5.5.5)

– apps/mmbox/states/grab/grab.cpp

– apps/mmbox/states/grab/grab.hpp

� MP3-Playerstate(seesection5.5.6)

– apps/mmbox/states/mp3/mp3.cpp

– apps/mmbox/states/mp3/mp3.hpp

82



Appendix D

Con�guration �les

D.1 Multimedia-Box con�guration �le

TheMultimedia-Boxcon�guration �le containsall your personalsettingsregard-
ing theMultimedia-Boxapplication.It canresidein thehomedirectoryas“.mm-
boxrc”, or it canbepassedto theapplicationasa commandline option. Hereis a
smallexample:

# default .mmboxrc, copy to $HOMEas .mmboxrc
# lines begining with '#' are ignored, others must be of the
# form '<variable>=<value>', last assignment rules!
cddb=1
#cddb=0
cddbserver=freedb.freedb.org
#cddbserver=mmbox01.cs.uni-sb.de
mp3rootpath=/share/mp3
#mp3rootpath=/data/MUSIK
fullscreen=0
#fullscreen=1
resourcepath=${HOME}/nmm2/resources
configfile=${HOME}/nmm2/apps/mmbox/configu ration .xml
uselirc=false
background=${HOME}/nmm2/resources/mmbox/ne on/las _vegas. png

If you walk throughstepby step,you canseethattheapplicationis instructed
to useaCDDB server, andusefreedb.freedb.org for thiscase.Thenext thingsetis
themp3rootpath,which is therootdirectoryfor all youMP3 �les. Theapplication
is not startedin fullscreenin this con�guration. The resourcepath determines
wheretheneededresources- suchaspicturesor labels- canbefound.This leaves
you the possibility to write your own skins. The con�g�le directive determines
the path to a con�guration �le (seesection5.4), wherethe menustructureand
keyboardassignmentis stored.Theapplicationis told not to useLIRC, andtake
thespeci�edimageasbackgroundimagefor themainmenu.
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D.2 LIRC con�guration �le

The stepsto correctlycon�gure the lirc packageareexplainedat [11]. Here,a
small snippetfrom the “lircrc” �le neededfor theMultimedia-Boxapplicationis
shown to explain theconnectionbetweenlirc andtheapplication:

begin
remote = panasonic.lirc
button = POWER
prog = nmmlirc
repeat = 0
config = KEY_ESC

end

begin
remote = panasonic.lirc
button = POWER_VCR
prog = nmmlirc
repeat = 0
config = KEY_q

end

...

The begin andendkeywordsclaspthedescriptionfor onekey on the remote
control.With eachsection,onekey from oneremotecontrolis mappedto astring.

The namebehindthe “remote” statementis the nameyou gave your remote
control whenyou con�gured LIRC. As LIRC canhandlemorethanoneremote
control, this nameis neededto determinewhich remotecontrol the signalcame
from. The “button” statementsdetermineswhich button you want to map. The
“prog” statementis neededasthenameof theapplication.This stringis passedto
theLIRC library with thecall of the lirc_init method.The“repeat”statement
is a boolean�ag (0 or 1). If set to 1, the event from the IR control is passedto
theapplicationmultiple times,aslong astheusersholdsdown thekey on the IR
control. If set to 0, the event is only passedonce. The “con�g” statementtells
theLIRC library which stringto deliver backto theapplication,soyoucoulddo a
switch/casethereto �nally decidewhichactiontoexecuteif acertainkey ispressed
on theIR control.

D.3 K�r card make�le

Below you seethe Make�le for extracting the microcodefrom the DLL of the
WindowsTMdriver. Themicrocodeis neededfor operatingtheKFIR cardproperly
andmustbeloadedinto thecard.As therewasnomicrocodesuppliedindividually,
but only insidetheWindowsTMdriver, someclever peoplefounda way to extract
themicrocodeoutof thisdriver. TheMake�le wastakenfrom linuxtv.org1:

SYSTEM=<#YOURDOS PARTITION>/windows/system/

1http://linuxtv.org/mpeg2/
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MICRO=$(SYSTEM)/KfirMicroCode

all: clean altera_keb_plx_5e.rbf MPEG1_6.HLD kfir_micro.h

altera_keb_plx_5e.rbf:
dd bs=1 if=$(SYSTEM)/KfirLib.dll skip=1700008 count=32385 \
of=altera_keb_plx_5e.rbf

MPEG1_6.HLD:
echo -n -e "\x52\x4b\xeb\x74\x00\x00\x0f\x3c\xfc\x00" \
> MPEG1_6.HLD
dd bs=1 if=/dos/c/windoze/system/KfirLib.dll \
skip=1449200 count=59862 >> MPEG1_6.HLD

kfir_micro.h: cmicro
-./cmicro $(MICRO)/vt.v vtv > kfir_micro.h
-./cmicro $(MICRO)/vt.v_8 vtv8 >> kfir_micro.h
-./cmicro $(MICRO)/vt.v1 vtv1 >> kfir_micro.h
-./cmicro $(MICRO)/vt.v1_8 vtv18 >> kfir_micro.h
-./cmicro $(MICRO)/vt.v2 vtv2 >> kfir_micro.h
-./cmicro $(MICRO)/vt.v2_8 vtv28 >> kfir_micro.h

clean:
rm -f altera_keb_plx_5e.rbf MPEG1_6.HLD kfir_micro.h

D.4 K�r module options

Thereareseveralmoduleoptionsthatcanbepassedto thedriver while loadingit.
You candeterminethe video norm, video outputmode,picturesize, type of the
resultingMPEGstream,andsoon (takenfrom [22]):

loaded If thisoptionis setto “1”, it indicatesthatthealterais alreadyloadedwith
microcode.Thedriver thendoesnot try to load it again,asreloadingtakes
timeandcanlock your machine.

vidinmode Thevideonormof theanaloginput. Possiblevalues:

� vidinmode=0for PAL (default)

� vidinmode=1for NTSC

� vidinmode=2for SECAM

vidoutmode Thevideonormof thedigital output.Possiblevalues:

� vidoutmode=0for NTSC

� vidoutmode=1for PAL (default)

vidsize Theimagesizeof thedigital output.Thevalueis computedby theformula
(cf. K�r .h):

vidsiz e = (vertical _mode� 4) j horizontal_mode
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E.g. to getaresolutionof 352x288pixels,searchthe�le K�r .h for thevalues
KFIR_H_352(=2) andKFIR_V_288(=1) andcalculate:

vidsiz e = (KFIR_V_288� 4) j KFIR_H_352

= (1 � 4) j 2

= 0x12

0x12is CIF (quarterof PAL), 0x26is PAL, thedefault is fullsize.

vidrate Thevideobitrate(e.g.4500000for 4.5MBit/s).

vidinput Theinputplug to use.Possiblevalues:

� vidinput=0for composite(default)

� vidinput=1for S-VideoY/C

mpeg1modeIf setto “1”, theoutputstreamis anMPEG1stream.

streamtype Thetypeof theoutputMPEGstream.Possiblevalues:

� streamtype=0for AUDIO_ES

� streamtype=1for VIDEO_ES

� streamtype=2for A_V_ES

� streamtype=3for PROGRAM (default)

� streamtype=4for TRANSPORT

� streamtype=5for PACKET_VES

� streamtype=6for PACKET_AES

� streamtype=7for KFIR_SYSTEM

sndfreq Thesamplerateof theaudiostreamin theoutput.Possiblevalues:

� sndfreq=0for 5.5125kHz

� sndfreq=1for 8.0000kHz

� sndfreq=2for 11.025kHz

� sndfreq=3for 16.000kHz

� sndfreq=4for 22.050kHz

� sndfreq=5for 32.000kHz

� sndfreq=6for 44.100kHz

� sndfreq=7for 48.000kHz(default)
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D.5.DVB LNB con�guration

D.5 DVB LNB con�guration

Primary LNB setupis donevia vdr's setup.conf. The �le is precon�guredfor
a (digital) standardLNB andrecon�gurationshouldnot be necessary. Only the
following entriesareevaluated:

LnbSLOF Theswitchingfrequency (in MHz) betweenlow andhigh LOF

LnbFr equLo TheLNB' s low localoscillatorfrequency

LnbFr equHi TheLNB' shigh local oscillatorfrequency

Curr entChannel Thechannelthatwill betunedon next start

D.6 DVB channelcon�guration

Channel-con�gurationis donevia the�le channel.conf.It is alreadycon�guredfor
ASTRA (themostpopularsatellitein germany). Eachline representsonechannel,
which is speci�edby thefollowing parameters,seperatedby acolon(“:”):

1. station-name

Name,which is displayedby theapplication.

2. transponderfrequency

3. polarisation:

Horizontal(“h”) or vertical(“v”).

4. DiSEqC-id

If usingmultiplesatellitedishes,this id selectsthedishto usefor this chan-
nel.

5. symbolrate

6. video-pid

Programid of thevideostreamto use.

7. audio-pid:

Programid of theaudiostreamto use.

8. teletext-pid

Programid of theteletext to use.

9. conditional-access

Id of theDVB card,thatis ableto decodethechannel.
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10. pnr

This parameteris notused.

Hereis anexample:

ARD:11837:h:0:27500:101:102:0:0:28106
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