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Disclaimer

Thesoftwaredescribedn this documenis undercontinuousdevelopment.
Someconceptsandsoftwarecomponentshereforemay be differentin the
software distributions available on the internet. For further information
aboutthe currentstateof the projectandthe softwaredistribution see[23].
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Chapter 1

Intr oduction

Thereis ahugevarietyof digital multimediasourcegor todayshomeentertainment
systems.The CompactDisacan containaudio or video data(AudioCDs, Video-
CDs, Super\ideoCDs)or a lesystem with multimediadata,e.g. MP3 or video
les. Moreandmoremoviesarepublishedon DVD-Video,containinghighquality
digital videodata.TV andradiobroadcastsanalsobereceveddigitally today

For eachof thesemediathereareproprietaryplayersthatcanplaybacka lim-
ited setof them. Theseplayersoften have additionalfeaturesspecializedor their
supportednedia,e.g.aCD playercandisplayartistandsongtitle oraDVD player
canalsoplaybackMP3 CD-ROMs or VideoCDs. One of the newestinventions
arereceversfor Digital Video Broadcast¢DVB), which canevenrecordthe re-
ceived dataon aninternalstoragemedia. Someof themeven offer the possibility
to playbackabroadcastvhile recordingit. But noneof theplayersaboveis ableto
provide all thedescribedunctionalityin onedevice.

Ontheotherhand thereis the PC.For acurrentPC,it would be possibleto 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 recever cardonecanwatchor recordTV broadcastsSoa PC
would unite all functionality in one device. But thereare also mary disadwan-
tagedik e noise remotecontrollability or problemsin connectingaPCtoaTV set.
Hencea standardPC is a very uncomfortablesolutionfor a homeentertainment
system.

Thegoalof this projectis thedevelopmenbf afully functionalhomeentertain-
mentsystembasedon a standardPC, calledthe Multimedia-Box. To compensate
the disadwantagesof a standardPC, it will be describedhow to build additional
usefulhardware. Also, the hardware usedto reducenoiseis described.An open
multimediamiddlevarefor Linux — calledNMM [23] — is usedasthe main soft-
warepart. This middlevareguaranteeiighest e xibility andextensibility These
aredesiredfeatureso be ableto integratenenv modulesinto the Multimedia-Box
easily All multimediahardwarecomponentareintegratedin NMM by usingfree
opensourcesoftware. Basedon NMM, the neededsoftware componentsaind a




INTRODUCTION

uniform softwareuserinterfaceweredeveloped.

The restof this reportis organizedasfollows. First, NMM is describedn
chapter2. Chaptet3 describeghe hardwarewe useandhave built. It is followed
by a descriptionof the developedsoftware componentsn chapterd. We nally
describehedevelopmentof anapplication which usesall thesecomponentsyith
auni ed userinterfacein chaptefb.




Chapter 2

The Network-Integrated
Multimedia Middleware

The“Network-IntegratedM ultimediaM iddleware” (NMM) is beingdevelopedfor
thelast2 yearshy the computergraphicsgroupfrom the University of Saarlandn
Germany. Information aboutthe projectin generalandits currentstatecan be
foundontheinternet[23].

NMM is a C++ framework for developingmultimediasoftwarefor Linux. One
aim of NMM is to simplify the accesgo differentkinds of hardwareanddifferent
multimediaformats.

Themajorelementof NMM arenodesjacksandmessges

Nodesarethefunctionalelementof NMM. In generab nodeinteractswith
a device or standsfor a function, e.g. collectingdatafrom a sourceor pic-
ture manipulation.But nodescanaswell have transporfobsonly like split-
ting/meping incomingdataor network transport.

Jacksarethe inputsandoutputsof the nodes.They establistthe connection
with othernodesandin generakhey do nothingelsebut passingdatato the
nodes.Assaociatedvith eachjack areits supportedormats,which precisely
describewvhatkind of dataa nodecanhandle.

Messagesepresenall kind of informationswhich o ws throughthe graph.
Thesecanbe eithermultimediadataor metainformations(socalledevents).

Nodesgetconnectedn a graph,whosepartscanrun on differentcomputers.

2.1 Nodesand Jacks

In generala noderecevesdatafrom its previous node,processest andsendshe
processediatato its succeedingode. Figure2.1 shavs a detaileddiagramof a
node.Eachnodecanhave zero,oneor moreinputsor outputs eachrepresentetly

3
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Figure2.1: NMM nodewith in-streamevents,buffersandout-of-bandeventssent
from or to theapplication("E” event,”B” buffer). Buffersareprocesseihsidethe
nodeandeventsarehandledwith registeredmethods.

ajack. In orderto connectsereralnodedo agraph theiroutputjackswith speci ¢
formatsareconnectedo othernodes'inputjackswith the sameformat.

Figurel2.2 shavs a simple NMM graphfor a MP3 playerwith threenodes.
The MP3ReadNode readsa MP3 le from disc and sendsit stepby stepto the
MPEGAudioDecodeNode via its outputjack. Thisnoderecevesthe MP3 dataand
decodest. The decodedaudio samplesare sentto the PlaybackNode . When
the samplesarrive atthe PlaybackNodé¢hey arewritten to the sounddevice which
malkesthemaudible.

( Application >

MPEG
Audio
Decode
Node

Playback
Node

Figure2.2: A simpleMP3 playerrealizedwith the NMM framework.




2.1.NodesandJacks

2.1.1 Classi cation of nodes

Nodescanbeclassi ed by their numberof inputsandoutputs.

SourceNode A sourcenodehasnoinputandoneoutputjack. It isadataproducer

In the MP3 playerexample(see gure [2.2) the MP3ReadNodés a source
node.

Sink Node A nodewith oneinputandno outputjackis calleda sink node. Such

nodesconsumehe data. The PlaybackNodédrom the examplein gure (2.2
isasinknode.

Processomode A processonodehasoneinput andoneoutputjack. The node

readdatafrom its input, processe#t andsendst to the output.

Basedon the input and outputformats,two subtypescanbe distinguished:
converternodesand Iter nodes.

A corverternodereadsrom theinputwith acertainformatandcorvertsit to
anoutputformatwhichis differentto theinputformat. The MPEGAudioDe-
codeNoden the MP3 player example(see gure [2.2) is sucha corverter
node.It convertstheincomingMP3 audiodatato raw audiodatawhich can
be playedby the PlaybackNodeAnotherexampleis a nodewhich cornverts
incomingvideodatafrom onecolor spacegeg. RGB)to another(eg. YUV).

A Iter nodehasthe sameformaton its input and outputjack. An exam-
ple for this type of nodeis a BrightnessNodelt increase®r decreasethe
brightnesof incomingvideodatawithout changingthevideoformat.

Multiplexer Node If a nodehasseveralinputsandone outputthenit is calleda

multiplexer node.A multiplexer nodecanreaddatafrom its inputsto gener
ateoneoutput. An examplefor thistype of nodewould beanOverlayNode,

Figure2.3: A videoplayerrealizedwith theNMM framewvork.
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which takestwo video streamsandoutputsonewhereaghe secondnput is
“overlaid” overthe rst.

Demultiplexer Node The oppositeof the multiplexer nodeis the demultiplexer
node. This nodesplits one input to seseral outputs. An examplecanbe
foundin gure which shavs thediagramfor asimplevideoplayer The
ReadNodeeadsa video from somesourceandsendsit stepby stepto the
DemuxNode.The DemuxNodesplitsthe incomingdatastream.The video
partis sentto theVideoDecodeNodandtheaudiopartto the AudioDecode-
Node.Thedecodedlatais transferedo the correspondingink nodes.

2.2 Messages

To enablecommunicatiorwithin theNMM architectureéhereis auniformmessage
system.This systemconsistf two typesof messagebjects.

All kind of multimediadatageneratedy the nodesis placedinto messages
of typeBuffer . Buffersareforwardedfrom nodeto nodealongconnectedacks.
Whena buffer arrivesat a jack it is enqueuedo an incomingqueuebeforeit is
forwardedto the processingnethodof thenode(see gure [2.1).

Thesecondnessagebijectis calledCEvent . It is usedto controlthebehaior
of anode. CEvent standsfor CompoundEvent. A CEvent canincludeseveral
events.In thefollowing the simpletermeventis usedfor all CEvents .

Therearetwo differenteventtypes.The rst typeis calledin-streameventand
it is forwardedandenqueuedik e a buffer. An exampleis the “start” eventwhich
is sentby theMP3ReadNodéo indicateanew le. With the out-of-bandeventsan
applicationcansetor retrieve nodespeci ¢c parametersAn exampleis the event
to seta lename in the sourcenode. Eachevent consistsof a key andadditional
values.Theeventkey is a stringto identify the event. To be ableto handleevents,
anodehasto registerhandlingmethods An eventdispatcheautomaticallycallsa
handlemethodsubjectedo the eventkey whenreceving anevent(cf. gure 2.1).

More information aboutthe event mechanisncanbe foundin [25] (only in
german).

2.3 Developing nodeswith NMM

All nodesarederivedfrom thebasicclassNode andhave aninternalstatemachine.
ThestatesandthedependencieBetweerthemareshavn in gure

In orderto simplify the nodeprogrammingthereexist several subclassesde-
rived from basicclassNode. This group of classegepresentshe differentnode
typesasclassi edin section2.1.] like GenericSourceNode  for a sourcenode
or GenericProcessorNode  for a processonode. A nodeprogrammeiderives
his nodefrom one of theseclassesand hasto implementthe functionality of the
new nodeonly.

6



2.3.Developingnodeswith NMM

connect{Outpytnput}To() ush()
get{OutpuiInput}Jack() doFlush() processBljér()
Contructor() init() actwate() start()
dolnit() doActlvate() doStart()
n|t|aI|zeAct|vate
deinit() deactvate() stop()
doDeinit() doDeactiate() doStop()

Figure2.4: Statesandstatetransitionsof NMM nodes.

Themethods

init () stop () flush ()
activate () deactivate ()

start () deinit ()

internally call the correspondingnethods

dolnit () doStop () doFlush ()
doActivate () doDeactivate ()
doStart () doDeinit ()

All do-method$avetoreturnaResult . Whenado-methodeturnsa Result
different from SUCCESS0 indicate an error, the corespondingstate transition
methodthrowns anexception.

A nodeprogrammeimplementshe do-methodsieededor the nodespeci ¢
functionalityanda methodcalledprocessBuffer () :

Constructor In the Constructor  the nodeshouldsetall its variablesto well
de ned values. Potentialresourcereserationswhich are neededfor the
functionality of the nodearenot allowed. The event registration(seesec-
tion|2.2) shouldalsobedoneatthattime.

Result dolnit () Whenthedolnit () methodis called,the nodeshouldre-
sene potentialresourcesindspecifyall its inputandoutputformats.

Result doActivate () Within thedoActivate () methodresourceghatare
speci ¢ to theconnectiorformatsshouldberesered.




NMM

MP3ReadNode| MPEGAudio- PlaybackNode
DecodeNode
Constructor initialize all variablesto well de ned values
dolnit () open le setin openMPEG opensound
CONSTRUCTED decoddibrary device setin
statecheck le CONSTRUCTED
format,set statecheck
outputformat capabilities
doActivate () — setdecode setplayback
parameters parameters
basedninput basedninput
format format
processBuffer () sentstartevent, decode write incoming
readbuffers incoming buffersto sound
from le buffers,send device
decodeduffers
doDeactivate () —
doDeinit () close le closelibrary closedevice
doFlush () — ush library ush sound
Table 2.1: Examplesfor somemethodsfor the MP3 player example shawn in
gure
Result doStart () After callingthestart () methodthenodestartsprocess-

ing and forwarding messageg¢seesection2.2). A nodeprogrammemor
mally doesnot needto implementdoStart () for nodespeci ¢ functional-
ity.

Message* proccessBuffer  (Buffer *) If anoderecevesa newv buffer, the
processBuffer () methodis called. The methodshouldreturna pro-
cesseduffer. Insteadof a buffer, thenodecanalsoreturnaneventto sendit
in-stream.If anincomingbuffer cannotbe processedmmediatelyor com-
pletely the“working ag” canbeset.ThentheprocessBuffer () method
is calledagainwithout a nev buffer until the ag is unset. To setor unset
this ag, thesetWorkingFlag ( bool ) methodcanbeused.

As sourcenodesdo not receve buffers, their processBuffer () method
is called continuouslywithout a buffer. The methodshouldthengeneratea
new buffer usingalibrary, le, device,...

Result doStop () If thestop () methodis called,the nodestopsprocessing
andforwardingmessagesSimilarto doStart () , anodeprogrammerdoes
normallynot needto implementthe doStop () method.

Result doFlush () Within the doFlush () methodthe node shouldclearits
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implementatiorspeci c buffers, ush usedlibrariesandsoon.

Result doDeactivate () Inthismethodthenodereleasedsresourceshatare
reseredin thedoActivate () method.

Result doDeinit () Thenodeshouldfreeits resourceseseredin dolnit () .

Table2.1 shavs an examplefor somedo-methoddor the nodesin the MP3
playerexample.




Chapter 3

Hardware DesignDecisions

3.1 Requirementsfor living-roomneeds

Giventhe factthatthe Multimedia-Boxshouldbe placedin theliving roomthere
aresomerequirement# shouldmeet:

Thecaseshould t into theliving room optically, soa designercasecanbe
agoodchoice.

SincetheMultimedia-Boxis astandard®Csomemodi cation mustbemade
to reducenoise.

A standard'V setshouldbeusedo interactwith theuser—noextramonitor

To have the ability to controlthe Multimedia-Boxwith a remotecontrolthe
box shouldhave a built-in infraredrecever.

Figure3.1: The prototypeof Multimedia-Box.

10



3.2.Components

Using an LCD, the Multimedia-Box shoulddisplay all kind of additional
informations.Theusershouldalsobeableto listento an AudioCD without
having to switchonthe TV setto controlthe Multimedia-Box.

Figure3.1 shaws the prototypeof the Multimedia-Box. Onecanseethe con-
nectedstandardl'VV setandthe MMBox-Application (seechapter5) runningonit.
Thespeakrsfrom the extra soundsystemareplacedasidethe Multimedia-Box.

Below the oppy discdrive the LCD is placedandleft to the drive the small
holefor theinfraredrecever canbe seen(seesections3.3.1and3.3.2.

Ontheleft side of the Multimedia-Box,you canseethe DVD drive with the
blackfront (see3.2.5.

3.2 Components

3.2.1 CPU and mainboard

As thepercentagef IntelT-optimizedprogramsandlibrariesis muchlargerthan
for ary otherprocessofamily, a Pentiumlll CPUis usedin the Multimedia-Box
prototype.Somecalculationsandtests— especiallyfor decodingMPEG2Streams
of aDVD in software— yieldedto a CPU frequeng of about800MHz. To have
somereseres,the prototypeof the Multimedia-Boxusesa CPUwith 866MHz.

Theprototypeof the Multimedia-Boxusesamain-boardrom AOpent, exactly
themodel“AOpenAX3SP”.

3.2.2 Network

As it shouldbe possibleto connectthe Multimedia-Boxto the LAN, a 100MBit
network adaptelis integratedto getinternetandremoteaccesdgor ef cient devel-
opment.Thisis anoptionalpartof the hardware,whichis not neededor the nal
system.Somepartsof thedevelopedsoftwaremake useof thenetwork connection,
e.g. for gettingthe title namesof aninsertedAudioCD via aninternetdatabase.
But thesepartsarealsooptionalandwill work with every otherinternetconnection
e.g.overmodems.

3.2.3 Graphics cards

As the Multimedia-Box shouldbe capableto play videos,a graphicscard with
somespecialfunctionsis neededTherequirement®ntheboardare:

Scalingthe outputvideo
Supportof the YV12 colorformat

FullscreenTV output

http:/www.aopen.com.tw/
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The scalingof the videois requiredbecausesomevideosare saved in small
resolutions.Thesevideoshave to be enlagedto t to the screen.Anotherusage
for the scalingcapabilitiesis the adjustmenbf the aspectratio. For examplethe
channelf digital TV aresentwith differentpicture sizes. Someare sentusing
720x576,0thersuse 480x576,but the aspectratio might be 4:3 for both. That
meanghattheimagehasto bescaledsothatthe correctaspectatiois established.

TheYV12 colorformatis the mostcommoncolor formatusedby mary video
compressiomlgorithms.lt is describedn detailin section4.4.4

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

As the Multimedia-Boxshouldbe connectedo a TV, the graphicscard must
have afullscreenTV output.

Many cardsful Il the rst two requirementsndare supportedoy Linux but
theTV outputis supportednly by afew of them.Dependingon the graphicscard
therearedifferentwaysto getthe pictureto thetelevision.

Graphics cardswithout built in TV output

The rst graphicscardtestedn the Multimedia-Boxwasa Xentor“Maxi Gamer”
cardwith a Nvidia TNT-2 chip set. Theinstallationof the boardis trouble-free.lt
is instantlysupportedy the X-Sener [35] (version4.0.2).

Thiscarddoesnothave a TV output,hencetheconnectiorto the TV sethasto
bedonevia aVGA-to-SCART Corverter e.g.theonedescribedn section3.3.3

Theremainingproblemis to nd a modeline for the X-Senerto geta stable
pictureon the TV set. Whenusingthe standardnodeline for a PAL TV setas
describedn section3.3.3 anunusualick eringof the TV picturecanbeobsenred.
This leadsto the assumptiorthat the graphicscard— despiteall ags in the X-
Sener con guration— doesnot produceaninterlacedsignal.

Theonly possibleway to geta properpictureonthe TV setwith this graphics
cardis to usethe modeline with half the numberof linesonly (seesection3.3.3.
Thisis not satisfyingfor the Multimedia-Box,soa bettersolutionhadto befound.

Accordingto several sourceson the internet, the older ATI-Rage-Il graphic
cardsare ableto producean interlacedsignal. Thesecardsare so old that they
cannotbepurchasedrom retailersary more,but they still cane.g.beauctionedat
e-bay.

The card could also be installedtrouble-free,and got connectedo the TV
setvia a VGA-to-SCART corverter usingthe standardPAL modeline (seesec-
tion[3.3.3. Theresultingpictureis stable,sothe cardproducesaninterlacedsig-
nal.

But becausé¢he Rage-Ilchipsetis thatold, the combinationXFree4.xx—Rage-
Il is not ableto scalemoving picturesin hardware. As alreadydescribedabove,

2http:/www.ebay.com/
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somedigital TV programsarenotdistributedin PAL formatandhave to bescaled.
They couldbescaledn software,but thereis notenoughperformancéeft from the
Multimedia-BoxCPU.Sothis solutionis alsonot suitablefor the Multimedia-Box.

Graphics cards with build in TV output

The Matrox Marvel graphicscardsare well supportedby Linux (especiallythe
G200and G400([36]), but with the XFreedriver aswell asthe original Matrox
driver for the X-Sener, thereare someproblemswith the TV output. First, Xv-
acceleratiomnthe TV outputisn't supportedy thedriver, secondthe TV picture
hasablackborderthatappearsf theoverscarmodeis notactivated. Theoverscan
is neededo stretchthe TV screento its full size,sothaton every television the
blackborderdisappears.

Insteadof using XFree, one canusethe Matrox graphicscards frametuffer
device for video output[26]. The driver for this device is part of MPlayer[27].
It makesuseof the BES (Back End Scalerthe YUV scaleron Matrox cards)and
is a solutionfor accelerateddUV scalingandTV outputwith overscan.Detailed
installationhintsfor Matrox graphicscardscanbefoundin appendixA.1.

3.2.4 Sound

The Multimedia-Boxusesa Soundblastetive! 1024 soundcard. It providesex-
cellentsoundoutputandis well supportedunderLinux.

Thecardadditionallyprovidesa secondine out connectoffor a primitive ver
sion of surroundsound. A digital audioout, with the possiblityto transferAC3
audiodatadirectly to anexternalamplifying decoderis alsoprovided.

To enablethis cardunderLinux, onecanusethe“AdvancedLinux SoundAr-
chitecture”[1], which supportsall featuresof the Soundblastekive! 1024. A de-
scriptionhow to installthedriver for this soundcardcanbefoundin appendixA.4.

3.2.5 DVD drive

Becausdhe Multimedia-Boxshouldhave the possibiltyto readDVDs, thereis a
needfor a DVD drive. In orderto avoid unwantednoisewhile readingfrom the
drive, it shouldbe quiet. If the drive is not silentenoughthe speedcanbe limited
to a speci ¢ valuewith the standardorogram“hdparm”[18]. With a speedactor
of 4x or 6x adrive shouldbe silentandstill fastenough.

The prototypeof Multimedia-Boxusesa “LG DVD-ROM DRD-8120B"with
ablackfront which ts totheblackcasecolor.

3.2.6 DVB card

To receve television a DVB-s (Digital Video BroadcastSatellite)card manufc-
turedby Fujitsu-Siemengsee gure [3.2) is used.lt is ableto decodethe MPEG2
audio/videcstreamfrom the satellitein hardware. A Linux driver for this cardthat

13
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Figure3.2: TheDVB-s cardthatrecevesanddecodeMPEG2audio/videcstreams
from satellite.

allows capturingthe hardware-decodegicturesvia video4linux(andof courseal-
lows accesgo the receved MPEG transportstream)is provided by Corvergence
Medi&.

Althoughthehardvaresupportgecordinga channeto harddiskwhile playing
anotherle (usingthehardwaredecoder)thelatestrevision of thedriver (currently
0.9.3)doesnot provide this supporthatwould have beennecessarfor “hardware-
timeshifting”. Thismadeit necessarjo useasoftwareMPEG2decodeto provide
timeshiftingcapabilitiesandsimoultanousecord/playback.

The Fujitsu-Siemengardalsohasa TV-out connectorthat supportsa (slow)
hardware OSD. The TV outputis limited to display only picturesgeneratedy
the hardware MPEG2decoderandthereforeit is not usableas TV outputfor the
Multimedia-Box.

It is also possibleto usea cheaperlow-budget) DVB card without TV-out
connectarCl interfaceor MPEG decodeibecausenostof themareusingsimilar
hardware (but arenot of cially supportedy CorvergenceMedia).

3.2.7 MPEG2 encoderboard

A furtheroptionto a DVB card (seesection3.2.6 could be an MPEG2encoder
cardwith abuild in TV tuner Thesecards—in oppositeto DVB cards—getanalog
input signals. The MPEG2encoderchip cancreatedigital MPEG2datafrom the

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

analogsignalin realtime. Sothe datareceved insidethe Multimedia-Boxis still
digital. Therefore,onewill have the sameopportunitiesin software aswith the
DVB Card(recordingto harddrive, timeshifting,...). But asthesecardshave an
analoginput, therearesomeadditionalpossibilities.E.g. you couldconnectt to a
standardanalogVCR andarchive your old videotapecollectionto CD-ROM that
way.

Unfortunatelynone of theseboardswas fully supportedunderLinux. But
in [22] onecan nd a hint, thatit would be possibleto connecta TV tunercard
to anMPEG2encodercard(withouttuner)by solderinga cablefrom theright pin
of thetunercardto theright pin of the MPEG2card.

Knowing that this could work was enoughmotivation to testan MPEG2en-
coderboard. Onethatwas saidto be working underLinux — andthe only one
thata Linux driveris actively developedfor —istheK r card(see gure 3.3) from
the germanmanufcturerBMK Electronicé. The boardhasa BNC connectorfor
compositevideoinput,aY/C connectoffor S-Videoinputanda 3.5mmsteregack
for audioinput. TheK r chipis developedby VisiontechLtd.>.

Thedriver is developedby the teamfrom linuxtv [21]. As they tell on their
site, they werenot allowed to distribute the K r microcode— which is necessary

“http://www.bmk- electronics.de/
Shttp:/iwww.visiontech- dml.com/
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to operatethe board— togetherwith the driver. But they founda way how to ex-
tractthe microcodefrom the Windows™ driver. Soafterdownloadingthis driver,
installingit on a Windows™ machine copying theinstalledDLL le to aLinux
machineandextractingthecodewith thehelpof theirMake le (seeappendixD.3),
themicrocodewasreadyto useandthedriver couldbe compiled.

Whenloading the module,one can passsomearguments,e.g. which video
input to use,whetherto encodeto MPEG1 or MPEG2, determiningthe bitrate
andsoon (seeappendixD.4). Thedriver —togethemwith videodlinux— provides
youadevice le, /dev/valivideoN,whereN is the numberof thevideodevice. To
getan MPEG-Streanout of the connectedanaloginput, you simply have to do a
cat /devivalivideoN > outfileempg , andavalid MPEG le is created.

So the MPEG encoderboardis working and MPEG2 les, MPEGL1 les or
even (Super)VideoCD datastreams(seeappendixD.4) can be createdwith its
help. The solderingof the cablebetweera TV tunercardandtheK r cardis left
openfor futurework.

3.2.8 TV set

Wantingto be ableto put everythingontoa TV screenpnething shouldnot have
beenmissing— the TV set. The prototypeof the Multimedia-Box usesa Pana-
sonicTX-21CK1Cwhichis ableto handlebothPAL- andNTSC-Formats.It hasa
SCART-, Composite-&- andan UHF/VHF-Connectar

3.3 Additional hardware

This sectiondescribeshe hardwarebuilt additionallyto the standardcomponents.
Thesepartsof hardwarehadto bebuild manuallywith thehelpof circuit diagrams.
Thebuilding processs alsodescribechere.

3.3.1 Infrar edrecever

A basicneedfor the Multimedia-Boxwasthepaossibilityto controleverythingwith
thehelpof aremotecontrol.

LIRC —thisshortcutstanddor “Linux InfraredRemoteControl”—is asoftware
thatis ableto interpretsignalsrecevedby a IR recever. Help on how to build the
neededand tting hardwareis providedatthe LIRC website[11].

Therecever for theprototypeof the Multimedia-Boxis describedn [2]. It isa
smallrecever which canbe connectedo the serialport of aPC.Figure 3.4 shavs
the probablysmallestversionof a recever onecanbuild from the circuit diagram
inB.1

The mostimportantcomponents an IR recever diode,which canbea TSOP
1738or a SFH506-38seeappendixB.1). It recevesthe|R signalsandtranslates
themto anelectricsignal,which is carriedto the serialport of the PC,andthere
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Figure3.4: An examplefor anIR Recevertakenfrom[2].

canbeinterpretedoy a driver. The othercomponentareneedednly to adaptthe
IR recever to the speci cationsof the serialport.

The IR recever shouldbe built into the Multimedia-Box, so a small hole is
drilled into the front side of the Multimedia-Box prototype$ case. This holeis
large enoughfor the recever to still properly receve the signals. The circuit is
x edattheinsideof the casewith someglue strip. As the serialport couldnot be
accessedrom the main boarddirectly, a dissectedserialcableis put throughan
emptyexpansioncardslot openingandconnectedo the serialport at the outside
of thecase(cf. gure 3.5).

The descriptionof the software that usesthe hardware canbe foundin sec-
tion4.5.1

Figure3.5: Thebackof the Multimedia-Boxwith the serialandthe LCD cable.
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Figure3.6: TheLCD shaving sometestdata.

3.3.2 Liquid crystal display (LCD)

To beableto displayadditionalinformationof ary kind, anLCD is useful. When
playingMP3 les from theharddrive or listeningto CD, onedoesnot nhecessarily
have to seea picture on the TV. It may — for mostpeople— be sufcient to see
thetitle of the songandthetime information,which both canbe displayedby the
LCD.

The LCD we choseis a text display with 2 lines, 20 charactereach. It is
connectedo the parallel port of the Multimedia-Box. The LCD is driven by a
KS0076Bchip from SamsungElectronics. It canbe boughtfrom all major elec-
tronic retailers. The displayitself is alreadymountedon a boardthat containsthe
neededlriver chips.It hasa small16 pin connectowhichis connectedo the par
allel port of the Multimedia-Boxvia a smallelectroniccircuit (seeappendixB.1).
Thepurposeof thiscircuitis to have aseparat@ower supplyfor theLCD backlight
andto beableto controlcontrastandbrightness.

Figure3.6shavstheassembled CD. It is built into thefront panelof the Mul-
timedia-Boxprototype. As normally thereis no openingin the panelthatwould
t theLCD exactly, anadditionalopeninghasto be saved. The connectiorof the
LCD to the parallelport leadsto the sameproblemasconnectinghe IR recever
(seesection3.3.]) to the serialport: Thereis no (proper)possibilityto accesghe
pinsof the parallelportfrom theinsideof thecomputercase.Soanothercablehas
to belaid throughthe emptyexpansiorslot, wherethe IR recever cableis already
laid through. To enhancehe look of the front panel,somerubberstripescould
be gluedaroundthe LCD sothatthe warpededgesn the front panelare hidden.
Figure3.7 shawvs the LCD built into the prototypeof the Multimedia-Box.

A driver, thatwasdevelopedespeciallyfor this LCD with muchhelp of An-

18



3.3.Additional hardware

Figure3.7: TheLCD built into the Multimedia-Box. The holefor the IR recever
is marked.

dreasPomi(seeappendixA.5), hasto beloadedto controlthe LCD.

It would alsobepossible- eventhoughabit circumstantiaperhaps-to control
thewholeMultimedia-Boxwithouta TV setconnectedpnly with theoutputonthe
LCD. All menuscouldbe displayedpartially andbe scrolledthrough. This is left
openfor futurework.

3.3.3 VGA-to-SCART corverter

Onemajor problemof this projectwasto be ableto displaythe VGA signalthat
the Multimedia-Box— respectiely its graphicscard— produceson the screenof
a standardTV set. More technicallythis means:How cana VGA signal with
horizontalandvertical sync-pulsede convertedto a signalwith composite-sync
neededn a SCART connector?

Thered,greenandblue partsof the signalarealreadydeliveredby the VGA-
Connectar So the problemis reducedto corverting the horizontaland vertical
syncsto acompositeone.

Somecommerciakonvertersweretestedduring this project,but noneof them
delivereda sufcient quality — at leastnoneof the cheapermnes. This leadsto a
selfmadesolution,which canbefoundin [34].

The TV set(seesection3.2.8§ needsa 0.5 to 1.0V signalto recognizethe
SCART InputasRGB (seesectionB.3). A smallbatteryfrom aremotecontrolin
line with asmallresistothelpsto solve this. Figure3.8 shavsthecircuitassembled
onapatchboard.
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Figure3.8: The VGA-to-SCART Corverter

As alreadydescribedn section3.2.3 someof thetestedgraphicscardscannot
produceaninterlacedsignal.But it is possibleto geta picturewith 288linesonly.
The following modelinemustbe usedin the XF86Con g-4 to sendsthe picture
bothfor the rst andthesecondeld of theinterlacedTV picture:

Themodelinesaretakenfrom [34].

Mode "736x288"

DotClock 14.16

HTimings 736 760 824 904

VTimings 288 290 292 312

Flags "-hsync"  "-vsync"
EndMode

Soonegetsa picturewith 288linesonly, whichis quite unsatisfying.
Othergraphicscardsproduceaninterlacedpicturewith the wanted576lines,
usingthefollowing modeline:

Mode "736x575i"

DotClock 14.16

HTimings 736 760 824 904

VTimings 576 580 584 624

Flags "Interlace" "-hsync"  "-vsync"
EndMode

The resultingpicture on the TV setis very smooth,which is a little surpise
taking this smalllow costciruit. The circuit diagramfor the circuit canbe found
inB.3.

Someadditionalhintsaboutthe corvertercanbefoundat[10].
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Chapter 4

Software Components

This chapterdescribeghe usedsoftware componentsgor the Multimedia-Boxap-
plication (seechapter5), in the following namedMMBox-Application. We rst
describeheNMM nodeddevelopedfor readingfrom the differentmultimediadata
sourcesThisis followed by a descriptionof the nodesprocessin@udioandvideo
data.After that,we describehe NMM eventproducersusedin the MMBox-App-
lication. Thechapterendswith adescriptionof miscellaneousthersoftwareparts
andalist of examplescreatedo testour components.

4.1 Sourcenodes

4.1.1 CDDANode

Theimplementatiorof the CDDANode asa sourcenodeis inspiredby kio_audio-
cd[9]. ThenodereadsCD audiodatadigitally from alocally insertedCD-ROM.
This is doneby usingthe librariesfrom the cdparanoigroject[6] which provide
aninterfaceexactly for this purpose.

Theimplementatiorof the corefunctionalityis nearlythe sameasin kio_au-
diocd. As theformatof AudioCD datais x edto 44100Hzwith 16 bits per sam-
ple, the nodesetsthe outputformatalreadyin its Constructar In the dolnit ()
method.,it intializesthelibrariesfrom cdparanoialf noinitialization problemoc-
curs,thenodeis readyto readthe datafrom thelibrariesafter dolnit () .

The rst improvementto this core functionality is the possibility to specify
tracksto play andto getinformationsaboutthe tracksof the currentAudioCD.
To enablethis, therearemethodsto getandsetthe currentlyreadaudiotrack. A
class TableOfContents is usedto manageandsave all informationsprovided
by cdparanoia.ln the initialization stepof the node,the numberof tracks,their
lengthsandstartingpointsarefetchedfrom the cdparanoidibrariesandsaved in
theTableOfContents  objectfor furtherusage.The startingpointsof thetracks
are called“sectors”. “Sectors”arereferencedyy cdparanoiaas single blocks of
extractableaudiodata.
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The CDDANode s alsoableto fetch the namesof the tracksfrom the inter
net. This is provided by freedborg [13], a AudioCD title namedatabase.The
class CDDBServer implementshe communicatiorwith thefreedbsener.

The completeimplementatioris split into differentclassesIn the CDDANode
aremethodsto enable/disabl€DDB usageandto setthe CDDB-sener — in the
internet—to contact.If CDDB usageis enabledthelookupis donein theinitial-
ization stepof the node. Becausell the fetcheddatashouldbe saved, the usage
of the CDDBServer objectis embeddedn the TableOfContents . The CDDB
requestis computedfrom the track lengthsof the AudioCD henceit is indepen-
dentof someproprietaryinformationsonthe CD. The CDDB protocolis asimple
request-answeprotocd whichis documentedn [17].

Anotherenhancemeris thepossibilityto seekto ary positionontheAudioCD.
The completetrack structureof the CD in the TableOfContents ~ objectis used
to implementthis. Whena“seek” eventis triggered the giventime (in secondsjs
translatedo asectorof the CD. This sectorpositionis usedfor the paranoidibrary
in the next datareading.|f the seekis acrosshe boundarie®f the currentlyread
track, in-streameventsare emittedbeforesendingthe new data. Thesein-stream
eventsare:

“seeked” Thiseventshouldindicatethatthe currentlysentdatais non-continous-
ly followed by someotherdata.Following nodeshenhave the possibilityto
react,e.g.in droppingthe sentdatainsteadof writing it asa le to disc.

“end_track” This eventindicatesthatthe currentlysentdatawaspartof an Au-
dioCDtrack,which doesnot continueary more.

“start_track” Thistrackindicateghatthefollowing datais partof anew track.

“incomplete” Thiseventis only emmitedif anewly startedAudioCD trackis not
sentfrom its baginning. As the “seeled” event, it shouldinform following
nodesaboutincompletedatasothatthey areableto react,e.g. by ignoring
this datato saveto a le.

The behaior of the CDDANode is controlledby a statemachine. The state
transitionfor this automatornis shavn in gure 4.1 Beginning with the “TOC”
state which indicatesthatthe nodeshouldemit anin-streameventwith a tableof
contentf the CD it reacheshe“Start” statewherethenodesendsa “start_track”
event(in-stream)with the currenttrackname.After that,it producegdatauntil the
currenttrackis nished andanin-streamevent“end_track”is emited. If the last
trackis reachedandthe CDDANodeis con guredto repeathe AudioCD,thenode
restartsplaybackfrom the beginning of the CD. Otherwiseit emitsa “ nished”
eventandstopsproducingary dataor events.

If a seekis triggered,the nodecontinuesin the seekstate,whereit emitsa
“seeled” event. If the seekdid not changethe positionto anothertrack,the node
continuesmmediatelywith readingaudiodata. In the othercase the nodeemits
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seeled externaly

Seeled

rst start within atrack ﬂeN track
always ametrack

lasttrack nished,

/N
alvvays begln of track new track norepeat

otherW|se

lasttrack nished, continuousplayback

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

an“end_track’anda “start_track”event. If the seekdid not endat the beginning
of thenew trackalsoan“incomplete”eventis sent.After theseevents,it continues
readingthe new audiodata.

4.1.2 DVDReadNode

TheDVDReadNodaodeis basedn libdvdread 4] andcanaccesa DVD-Video.
With themethods

getTitles ()
getChapters ()

getAngels ()

information of the DVD-Video contentcanbe obtainedby parsingthe “.ifo”
les thatarepartof every DVD-Video. In the versionof the DVDReadNodaused
for thisprojectonly little partsof these'.ifo” les andof thenavigationinformation
thatarepartof the datastreamareparsedsono graphicalnavigation of the DVD-
Videocontentis possible.
The DVDReadNodecanswitch to the differenttitles, chaptersandanglesby
callingits method

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

This methodtakesthetitle, chapterandangleasintegersaguments Thenodeout-
putsaDVD-VideoMPEGstream(MPEG2P Sstreamwith somespeciahavigation
paclets)thatcanbeprocessethy the MPEG demultipeer (seesection4.3.1).

Basically libdvdreadmakes no decryptionof encryptedDVD-Videos. But it
is ableto load libdvdcss[20] dynamically This meansif libdvdcssis installed
properlyon the underlyingsystem the DVDReadNodecanreadencrypteddVD-
Videosaswell.
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4.1.3 DVBReadNode

The DVBReadNodehandlescommunicatiorwith the DVB card usedto receve
digital TV broadcasfrom satelliteor cable. It supportswo differentoutputfor-
mats:

hardwaredecodedrVV12 pictures(YUV mode)

MPEG2pacletizedelementanstreamgwhich alsocontainaudio)

Two instancesof the nodecan be run simultaneouslyfor exampleto watch
a hardware-decodedive picture(YUV mode)while writing the MPEG streamto
disk.

YV12 picturesarecapturedvia video4linux(provided by thedriver from [ 21])
and sentin separatebuffers. The MPEG capturecapabilitiesare basedon the
dvbapitaken from vdr [31], an opensourcevideo recorderapplicationwith high
reliability. The main necessarynodi cation wasto changethe le outputmeth-
odsof vdr. Like theoutput les of vdr, eachbuffer sentby the nodestartswith
an I-frame, which is the only frametype in MPEG streamshat canbe decoded
independenthyfrom other frames. This simpli es playbackcontrol becauseghe
bufferscanbe processedlmostseperatelyexpectfor someB-framesthatmaybe
temporalreferringto framesin the foregoing buffer).

The framesin the MPEG streamare not necessarilyencodedn a resolution
correspondindo the aspectratio and mustthereforebe scaled. Changesn reso-
lution or aspecratio arediscoreredby the MPEG decoder(seesection4.4.1) and
scalingis doneby the displaynode(seesection4.4.2). CapturedyV12 framesdo
notvaryin sizebecausecalingto therequestedesolutionis doneby video4linux.

The con guration of the different TV stations(like channelfrequeng and
information aboutthe usedconditional-accessystem)and supportfor multiple
satellite-dishegDIiSEQC) is taken from vdr without modi cations and therefore
spreadover two les (channel.confindsetup.conf) For a shortdescriptionof the
les seeappendixD.5.

4.1.4 PNGReadNode

Thedifferentmenusn theMMBox-Applicationweresupposedo have someback-
groundpictureonwhichthemenuentriesshouldappearThePNGReadNodesads
a le with animagein the “PortableNetwork Graphics’[12] formatandsendsit
asaNMM buffer.

As thereareenoughtoolsto corvert betweerthe differentimageformats,and
asthealgorithmfor readingandcorvertingPNGimageso raw RGBA32is already
implementedn the OSDOerlayNode(seesection4.4.3, the nodereadsno other
but PNG les.

Thenameof the le whichthenodeshellusecanbesetvia theevent“use le”.
The nodethenusesthelibrary libpng [29] to openandreadthe le. It storesthe
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rows of theimagein a pointer eld, from whichthe pixel datais copiedto a NMM
buffer row by row.

Theproducedouffer cannow e.g.becorvertedto the YV12 color spaceby the
RGBtoYV12CowerterNodegseesection4.4.4. The convertedbuffer couldsene
asthebackgroundnput of the OSDOwerlayNode(seesection4.4.3.

415 MP3ReadNode

The MP3ReadNodeeadsa MP3 le andputsthe datainto buffers. The nameof
the le, which the nodeshouldread,canbe setwith the “use le” event. When
the lename is set,the nodeopensthe le andanalysest to determinethe output
format. This format containsthe numberof channelsandthe samplerate. When
the nodeis startedit rst sendsthis formatasanin-streamevent. Basedon this
format following nodescan settheir own parameterso handlethe input stream
correctly

4.2 Audio nodes

4.2.1 PlaybackNode

The PlaybackNodas responsibleor the soundoutput. It is a sink nodeand so
it hasonly aninput jack. The input formatdependsn the soundcardhardware.
For the mostpurposeshe soundcardshouldbe ableto handleup to 48kHz, 16 bit
steremutputbecauseligital TV andDVD-Videoaudiostream®ftencontainaudio
datawith thatformat. The Soundblastekive! 1024card(seesection3.2.4 andall
newer soundcardsareableto handlethis format. The mainfunctionsof the node
are:

checkingthesoundcardsapabilities
offering input formatsdependingon thesecapabilities
openingthesounddevice

writing theincomingaudiodatato the device

Datathatcontainsanaudioaswell asavideostreammustbetreatedspecially
becausaudioandvideomust t together The procesgshatmalkesaudioandvideo
t togetheris calledsynchronisationThe synchronisatioritself is alsodependent
ontheaudiohardwareanddriver. The audiodriver hasaninternalbuffer of some
microsecondsT his time mustbe consideredy the PlaybackNodéf the presenta-
tion timestampof anaudiobuffer is calculated More informationaboutthis topic,
canbefoundin [8].
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4.2.2 MPEGAudioEncodeNode

The MPEGAudioEncodeNod&s a corverternodewhich encodesaw audiodata
into the MPEG1layer 3 format (alsoknown as“MP3"). Theencodingprocesss
donewith thehelpof thelamelibrary [7].

Thenodeacceptsncomingraw audiodatawith sampleratesfrom 11025Hzup
to 48kHz. The audiostreamcanhave oneor two channels Becausdghe nodecan
encodeio MP3with differentbitratesthe outputformatmustcontaina paramtein
whichthedesiredbitrateis set.

When a “end_track” event is receved all remainingaudioin the library is
copiedto a buffer andreturnedbeforethe eventis handon to the following node.
This assureshatall incomigaudiois corverted.

4.2.3 MPEGAudioDecodeNode

The MPEGAudioDecodeNodis a converternode. It candecodethe well known
MP3 format. The input format of this nodeis speci ed partly. It is enoughto
connectwith a format desciptionof “audio/mpeg”. Bitrate, channelsand audio
frequeng are not neededbecausdahe decodetis ableto nd out this datafor it-
self by analysingthe audio stream. If all informationsare extracted,the event
“set_output_formatfs sentthatcontainssamplingrate,channelsandbits persam-
ple.

Theoutputformatof this nodeis araw monoor stereodPCM stream- depend-
ing ontheinput—thatcandirectly be processetby the PlaybackNode.

The decoderis basedon the madlibrary [19] that candecodeMPEG1 layer
1,2 and3 audio. MPEGL1layer 3 is the mostcommonaudiocompressioriormat
becauseof its high compressiorand good quality. MPEG layer 2 audiocanbe
foundin thedigital TV streamsyYideoCDsor Super\fdeoCDs.

4.2.4 AC3DecodeNode

The commonaudioformatthatis found on DVD-Videosis calledAC3. An AC3
streamis notlimited to two channelsA commonformatis Dolby Digital 5.1. That
meansb channelsanbecontrolledindividually aswell asonesubwooferchannel.
As mostsoundcardsonly supporttwo outputchannelsthe AC3 audiostream
hasto bemixeddown to two channelsThisis doneby the AC3DecodeNodeThis
corverternodegetsan AC3 input stream After dovnmixing it to two channelsy
usingliba52[15], the nodeoutputstheresultingsteredPCM stream.

4.3 Audio-Videonodes

4.3.1 MPEGDemuxNode

Digital TV and DVD-Video playerspresentvideo as well asaudio. Video and
audioarenotstoredseparatelpnthesemedia. Thewayvideoandaudioaremixed
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Figure4.2: Stateof the MPEGTimeshiftingNode.

togetheris calledmultiplexing. This meanghatthereis a datastreamcontaining
alternatingaudioandvideoparts.Theseaudioandvideopartsarestoredn paclets.
Eachpaclet cancontainonetype of data. Either audio, video or otherdata(for
examplesubtitleor navigationdataon a DVD-Video).

The purposeof a demultipeer is to analyzethe pacletsandto sendthemto
the accordingoutput. Thatis the aim of the MPEGDemuxNode.It parseshe
incomingbuffersandsendghemthroughthe audiorespectiely video outputjack
to its successonodes. Sofar it canhandleMPEG2 streamsonly and outputsan
MPEGelementaryideostreamandanaudiostream(MPEGaudioor AC3audio).

4.3.2 MPEGTimeshiftingNode

Timeshiftingprimarymeangplaybackcontrol(pauserewind, fast-forward)for live
sources. A live sourcecan of coursenot be fast-forwardedprior to pausingor
rewinding. ForanMPEGstream(like theonerecevedfrom aDVBReadNodesee
section4.1.3, the MPEGTimeshiftingNodamplementsexactly this functionality
asaprocessonode.

The nodestartsin live-modewherethe only possibleactionsare pausingor
“instantreplay”, which replaysthe last coupleof secondsandis implementedoy
keepinga x ednumberof data-liffersin memory In bothcasesthenodechanges
its stateto buffe-modewhereary newly arriving datais bufferedto disk. This
is doneby writing to a le which is separatedn blocksof x ed size(e.g. the
maximumsize of a group-of-picture{GOP)in a DVB streamis assumedo be
512kB). The default behaior of the nodeis to never reusea block that hasnot
beenplayedyet. Thusthesizeof the buffer le continouslygrows while in pause-
mode.For example,the le containss second®f videoafterrewinding5 seconds
(from live position)andthenkeepsits sizewhile playing.

To allow rewinding, alreadyplayedbackdatashouldnotbeimmediatelyfreed.
Thereforea thresholdcanbe speci ed telling the nodehow mary buffers should
bekeptin the le beforethey arereusedo save new data.This thresholddoesnot
imposeamaximum lesize onthebuffer le because asalreadymentionedabore
— ablock that hasnot beenplayedwill not be reused.To completelypreventthe
nodefrom reusingblocks (andthusallowing to rewind to the point wherepause
wasusedfor the rst time) arecording- agcanbeset.

While fast-forwarding or 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(the only

typeof framesin an MPEG streamthatcanbe decodedvithout the foregoing/fol-
lowing frames)aredisplayed.Becausesachbuffer from the DVBReadNodgsee
alsosection4.1.3 containsexactly onel-frame a correctdisplayorderon rewind

is guaranteed.

Theinterfaceof the DVBReadNodeonsistf the following methods:

setModeLive () returnsto live-modeanddeleteghebuffer le.

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

setModeRewind (int ) startsrewindingwith speednt

setModeFastForward (int ) startsfast-forvarding(if notin live-mode).

If End-Of-File(EOF)is reachedlive-position}thenodereturnsto live-mode
without deletingthe buffer le.

setModePlay () startsplaybackwith normalspeedrom pausefast-forward or
rewind.

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

4.4 Videonodes

4.4.1 MPEGVideoDecodeNode

In section4.2.3 compressioralgorithmsfor audio dataare introduced,but there
are variouscompressiormethodsfor video aswell. One commoncompression
algorithmis MPEG video. MPEG compressedideo canbe found on all DVD-
Videos,VideoCDsandin digital TV streams A compresse®MPEG videocanbe
decompressedith an MPEG videodecoder Thatis the aim of the MPEGMdeo-
DecodeNode.

ThenodetakesanincomingMPEG video buffer, decodeshe dataandreturns
the decodedrideo framesoneby one. Theframesarein YV12 color format(see
section4.4.4. The connectionto the input jack of the MPEGVideoDecodeNode
is possibleif the format matches'video/mpeay”. More informationisn't needed
becaus¢hedecodeitself nds outall additionaldatalik e bitrate resolution aspect
ratioandframerateby analysingheincomingvideostream.f all informationsare
extractedtheevent“resolution_chang¥ is sentthatcontainghewidth andheight
of thedecodedicturesaswell astheaspectatio.

The MPEGMdeoDecodeNodasedibmpeg2 [ 16] for decoding.
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4.4.2 Display nodes

To view thedecodedMPEGvideodataof aDVD-Videoor TV streamor to simply
outputa le list or MP3 playlist or other navigation data, a node for graphical
outputis neededThis sink nodeis calleddisplaynode.The capabilitiesandinput
formatsof this nodearerestrictedoy the graphichardwareandits driver.

TheRGB formatis oftenusedby graphicapplicationsasall colorcomponents
(red, greenandblue) canbetsetindividually for eachpixel. But the displaynode
(hardware anddriver) shouldbe ableto handlethe YV12 format. The reasorfor
this is, that the MPEGMideoDecodeNodéseesection4.4.1) hasa YUV output.
They valuedescribeshechromavalue(grey component)u andv valuesthecolor
partsof a pixel.

The YUV color formatis the mostoften usedon in video compressorsThe
origin of this lies in the way, the humaneye sensests ervironment. The eye
reactamoresensibldo brightnesglifferenceghanto color differencesSoin video
compressioralgorithms,not exactly this YUV formatis used,but a formatthatis
calledYV12 (or YUV420). Thereis ay valuefor eachpixel but only oneu and
onev value per 2x2 pixel block. Thatreducegdatasize for eachframeaswell.
DetailedinformationsaboutYUV colorformatscanbefoundin section4.4.4

Thegraphicscardshouldbeableto handlethis YV12 format. As mentionedn
section3.2.3the hardwareshouldbe capabalef scalingthe picture. Additionally
thedisplaynodemustbe ableto handlesomeevents. An eventthatis responsible
for the resolutionchangingis neededecausaligital TV video streamsanhave
differentresolutiondor eachchannel.Sothedisplaymustbeadjustedlynamically
if it is switchedbetweerchannelawith differentresolution.

XDisplayNode

Oneimplementationof the display nodeis the XDisplayNode. The “X” in the

namepointsout theuseof the Linux XFreeinterface[35]. Basicallythis nodecan

outputgraphicgo aX window. TheXDisplayNodemalkesuseof the Xv-Extension

to displaytheincomingframes(seesection3.2.3. Thequality andspeeddepends
onthegraphichardwareandthe X driver.

Matr oxDisplayNode

As mentionedn section3.2.3 the Matrox Marvel cardis the only onefound,that
hasasufcient TV outputin combinationwith the otherneededeatures With the
original X driver, no Xv-extensiononthe TV outputis possible.Thisfactreasons
theusageof the Matrox frameluffer driver anda specialMatrox driver thatis part
of MPlayer[27]. This driver canaccesshe hardwareregistersdirectly andoffers
full acceleratiorior displayingYUV framesandscalingon TV output.
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4.4.3 OSDOvwerlayNode

The OSDOwerlayNodecanblendtext andgraphicsover a backgroundlt canload
severalimages(in PNGformat)andcanprint text ontoanincomingframe. These
socalleditemshave anunigueidenti er. They canbe switchedon or off andcan
be placedeverywhereon the screen. So a pressedoutton can be visualizedby
switchinganitem off andactivatinganotheiitem atthe sameplacewith a different
shapesotheeffect of a pressedutton or activatedmenuentryis comingup.

As a basicfeature ,the OSDOerlayNodeshouldprovide an OSD (On-Screen
Display) thatcanbe displayedboth on a still anda moving background- e.g. an
applicationdisplayinga list of MP3 les could have a still backgroundwhereas
thechannekelectiorfor aTV applicationshouldhapperonamoving background.

Overlay in YV12 color space

The rst goalof the OSDO\erlayNodeis to do a correctoverlay of itemsin YV12

color space.As theformulato cornvert betweerRGB andYV12 or backconsists
of a matrix multiplication only, the formulato do overlayin YV12 is exactly the
sameasin RGB:

out = alpha ing+ (1 alpha) ing

Here,alphais a oating valuebetweer0 andl. in g is the valuetaken from
thebackgroundicture,in ; thevaluefrom theitemto be putontothebackground.
They rangefrom 0 to 255.

Becauseof the YV12 format, the u andv valuesare written only for every
othervaluein onerow in they plane. So actually we write the u andv values
two times,oncebeingin anoddy row andoncebeingin aneveny row. But this
ensureshatif anOnScreelitem hasanoddnumberof rows, theu andv valuesare
alsocalculatedrespectinghe u andv valuesfrom the OnScreeritem. This way,
theline directly belov the OnScreentem may suffer in quality, but this is nottoo
badandcannotbeseen.

For performancereasonsa mathematicallyoptimized version of the above
equationis used which consistf integeroperationnly andhasonemultiplica-
tion to be doneinsteadof two:

out = alpha (ing in;)=255+ in;

In differenceto thelastequationalpha is anintegervaluebetweerD and255
in thiscase.Thevaluesin g andin ; areasbefore.

The integer optimizationachiered about50% increaseof performanceyhich
thenwasenoughthat the usageof the OSDOverlayNodedid not leadto an over
load of our processor For morecomplex OnScreerrequirementspne could still
optimizethealgorithmby usingprocessopptimizedassemblecode,e.g. IntelT™™
MMX routines.
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Specialhandling of NMM buffers

A ag decidesvhetherthe nodeis currentlygettinga still or moving background.
This ag canbesetviathe NMM eventmechanismlf the ag is false,a moving
backgrounds expected(let's call this the“moving state”),andthereforethe over-
lay canbetriggeredto every new arriving backgroundgicture. Theoverlayis then
doneasdecribedabore andthe modi ed buffer is sentfurtheracrosshe graph.

If the ag is true,astill backgrounds expected(let's call thisthe“still state”).
Whendoingthe overlay on ary picture,the original buffer is modi ed andhence
not usablefor further overlay anymore. This is no problemin the moving state
wherethe next unmodi ed buffer will arrive soon. But on a still backgroundthe
lastunmodi ed incomingbuffer hasto be saved to reuseit whenfor examplean
updateis claimed. So, in this state the wholeincomingbuffer is copied,savedin
a privatevariableandthe overlayis doneon theincomingbuffer. Thenext time a
buffer from thenodeis required a new buffer is createdasa copy of thesavedone,
andtheoverlayis donetherewith the (new) items.

Therequesfor a new buffer canbe doneby sendinganeventcalled“update”
to thenode.In themoving state this hasno effectatall, becaus¢hebuffersshould
arrive with a certainframeratearyway, andshouldleave with the sameframerate.
In the still state,the “working ag” (seesection2.3) is setto true. Sothe next
time the processBuffer () methodis called, the nodeknows by meansof the
“working ag” thatanew buffer hadto be producedasdescribedabove.

Different OnScreenitems

The OSDOwerlayNodeis ableto overlay differentitemsonto the backgroundm-
age.Beneathtext itemsit canalsohandlesmallpictures(e.g.alogo) or aprogress
bar

Theitemsareableto overlay themselesonto the buffer containingthe back-
groundimageby gettingareferencdo it. They implementthecodefor theoverlay
in YV12 color spaceasdescribedhbore.

The codefor the text items andthe progressbar wastaken from [27]. One
specialtywith thetext itemsis thatthey consist- asthey aredeliveredby thecode
from[27] — only of ay andanalpha value. Sotheir overlay codesetstheiru and
v valuearesetto 128—whichrepresent80” in u andv —to do a correctoverlay

The progressbar itself consistsof specialtext charactersonly, so the draw-
ing is the sameasfor text. The progressharis encapsulatetb have all wanted
functionality e.g.settingthe percentagef the progress.

Timer mechanism

Mostsettop boxesandnearlyevery computemmonitorhasthenicefeaturethatthe
OSDis disappearingftersomesecondsif the usersdoesnot pressanothemenu
key meanwhile.This featureis implementedn the OSDOwerlayNodetoo.
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Y(0,0) Y(n-1,0)

Y(0,1)

Y(0,m-1) ' Y(n-1,m-1)

V(0,0) V(n-1,0)

V(0,m-1) V(n-1,m-1)

U(0,0) U(n-1,0)

U(,m-1) U(n-1,m-1)

Figure4.3: Structureof the YV12 color format.

If anitemis printedasa partof the OSD,a delaycanbe speci edtelling how
long theitem shouldlast. Thisis implementedisinga system-timethatsendsan
ALARM-signal backto the nodewhentriggered. A staticsignal-handlehandles
theasynchronousignalandclearstheitem again.

4.4.4 RGBtoYV12ConverterNode

YV12 is theformatof choicefor mary softwareMPEG codecsandfor our MPEG-
VideoDecodeNodaswell. It comprisesannxn y planefollowedby (n=2)x(n=2)
v andu planes(see gure 4.3). If we wantto overlay animagethatis in RGB
formatwith the video streamthatis in YV12 format, we mustcorvert the RGB
imageto YV12 rst. Thisis doneby theRGBtoYV12CormwerterNode.

Thenode rst calculategachy valuewith thecorrespondindgRGB valuesthen
for each2x2 blocktheaverageof ther, g andbvalueis calculatecandconvertedin
the correspondingl andv value. The RGB valuesaresaredin a“packed” format
thatmeansrst ther thenthe g andthenthe b valueis saved for the rst pixel
andsoon. TheYV12 is a“planar” formatthatmeansrst all y valuesaresaved,
followed by thev andu values.They, u andv valuesarein therangeof -127to
128andarecalculatedike this:

y=0:299 r + 0:587 g+ 0:114 b
u=( 0:169) r + ( 0:332) g+ 0:500 b+ 128
v=0500 r+ ( 0:419) g+ ( 0:0813) b+ 128
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4.5 Userinput

Therearemary inputdeviceslike mousekeyboardor remotecontrolsthatpossibly
canbe usedto control the MMBox-Application. The operatingsystemhandles
thesedevicesdifferently For exampleif akey onthekeyboardis pressedasystem
call like getchar () deliversthe pressedkey. If a key on the remotecontrolis
pressedanothemechanismmustbe usedto fetchthe pressedkey. That's why a
commoninterfacewashbuilt thatconsistsf socalledproducers.

Generallyproducergontainfunctionsto fetchinputsfrom deviceslike mouse,
keyboardor remotecontrol. If akey onthekeyboardor remotecontrolis pressed,
the correspondingroducercreatesan event and sendsit to the connectedavent
dispatcher Two producerswere built for the the Multimedia-Box, one for the
keyboardandonefor aremotecontrol.

4.5.1 Infrar ed support - Lir cProducer

ThelLircProducelis aLIRC applicationthatrecevesits inputfrom lircd, the LIRC
daemon(see[11]). The LircProducerrst hasto reada con guration le, which
tells him how to handlethe eventsit getsfrom thelircd (seeA.2).

Theproduceronly hasto ful Il the simpletaskof packingthe string obtained
asan event from the LIRC library into an NMM event. This is donesimply by
passinghestringto the eventconstructor:

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

The eventgetsthe stringonceasits own nameandsecondlyasits value. This
way, you canregisterseseralfunctionsfor the differentkeys on theIR control, by
registeringthemtakingthenameof theevent,but you canalsoregisteronefunction
for severalkeys andgetthe stringfor the key asanargument.Thisis usefulwhen
youhave afunctionthatdoes-asamatterof principle—thesamehingfor different
keys (e.g.keys“0” to“9” for selectingsomeentryin anumberedist). Soyouhave
thevalueasanargumentandcanpasst furthet

452 XProducer

ThesocalledXProduceris simply a producerfor keyboardevents,but it is called
XProducerbecausét doesnt receve the keyboardeventsfrom the keyboarddi-
rectly, but by the X window system.Thisis neededecausehe applicationsoften
runsin aX screerandtheonly wayto receve keyboardeventsis via the X window
system.The eventsthataresentcanbecon guredin 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_Dowrx/ event >

</ keyboard >

That meansfor exampleif the X window systemnoticesthatthe key “a” is
pressedthe XProducewill generatea “KEY_a” event.
Finally ashortovervien how to generateandstarta XProducer:

Firstcreatea new XProducemith

Xevents * xproducer = new Xevents ();

Then attacha displayto it. This is doneby giving the displayid to the
producer

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

Readthe XML con guration le

xproducer ->readConfig (" configuration xml");

Connectadispatcher

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

Startthe producer

xproducer ->start ();

4.6 Utilities

4.6.1 ListBox

An extensionfor the OSDOwerlayNode(seesection4.4.3 that is neededn the
MMBox-Application (sectionb) is a scrollabletext area.This functionalityis en-
capsulatednto a classcalledListBox

ThelListBox hasamethodvoid draw () whereit getsapointerto anOSD-
OverlayNodeto beableto draw its contentasitemsin the OSDOwerlayNode Ser-
eraltext itemscanbe addedto the ListBox by callingtheint add() method.
Thesetext itemsarethendisplayedasfar asthe sizeof thelist box allows it.

It canbe scrolledthrougha ListBox by callingits select () method.Then
the given entry numberis selectedoy scrolling to its position. The selectedext
item getsa smallmarker at the beginningandat theend,soit canbe seerthatit is
selectedTheotherway round,it canbefoundoutwhichitemis currentlyselected
by callingthe getSelecteditem () method.

With the help of this ListBox it is possibleto shav alist of MP3 les or the
list of thechaptersandtitles ona DVD-Videoasascrollablelist.
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4.6.2 LCDWriter

TheLCDWriter is thecomponenthatoffersall thefunctionalityneededo control
theLCD (seesection3.3.9.

Due to NMM designdecisions,the controlling classfor the LCD is imple-
mentedas a classof its own, not derived from class Node. To usethe LCD-
Writer, you have to createan instancein your applicationand control the LCD-
Writer manually A very comfortableway to do thisis to createan eventlistener
classin theapplicationwhichis derivedfrom class EventHandler . A method
canthenberegisteredat somenodesaslistenerfor a speci ¢ event. Soif thelis-
tenermethodis triggered,the contentof the event (e.g. some lename) is sentto
theLCD.

The LCDWriter classoffers somemore functionality than just displayinga
speci ¢ text in a speci c line. It also encapsulatemethodsto clearthe whole
display clearaspeci c line only, displaydateandtime continuouslyin a speci c
line, seta progresshar to a certainpercentagen a certainline, or seta single
characteto a certainposition.

4.7 Examples

Thissectioncontainsall thedifferentexamplesve wrotefor testingournodes.The
nameof the subsectionss taken from the correspondinglirectoriesin the NMM
softwaredistribution (seeappendixC).

47.1 ac3

Theac3playdemowaswrittento testthe AC3 decodethatis neededo play audio
streamsof DVD-Videos. Generallyrav AC3 streamsare not widely used,but
they canbefoundon every DVD-Videomultiplexed with thevideostream.Soone
possibilityto usethis demois to demultiplex the AC3 strearmout of theDVD-Video
dataandplay it afterwards.Figure4.4 shavs 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

Generic- AC3- Playback-

ReadNode DecodeNode Node

Figure4.4: Nodeconnectiorgraphfor theac3playexample.
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CDDANode Playback-

Node

Figure4.5: Nodeconnectiorgraphfor thecddaplayexample.

4.7.2 cdda
cddaplay

The programreadsthe audiodataof an AudioCD with the CDDANode andplays
the datawith the PlaybackNodésee gure 4.5).

Usage: cddaplay [options]

-c --cddb: use CDDB-Server for track names
-v  --verbose: enable debug output
grab2mp3

This programencodeghe read audio tracks of an AudioCD using the MPEG-
AudioEncodeNoddseesection4.2.2 andsavesthemin MP3- les on the hard-
disc. The o w graphof this exampleis shavnin gure 4.6.

Usage: cdda2mp3 [options]

-c --cddb: use CDDBserver to name tracks
-b --bitrate: set the bitrate for the mp3 file
-q --quality: set the quality 2=high,5=medium,9=low
-0 --output: set the output directory to write the files to
(must exists)
4.7.3 demux

Demuxis a smallMPEG2videoplayer Firstit wasonly a small programto test
the MPEGDemuxNoddseesection4.3.1), but it evolved to a smallvideo player
becausehe demultiplexed audio streamis decodedwith the AC3DecodeNode
(seesection4.2.4 respectiely MPEGAudioDecodeNodéseesection4.2.3 and
the video streamis decodedby the MPEGVideoDecodeNodéseesection4.4.1).

CDDANode MPEGAudio- Generic-

EncodeNode WriteNode

Figure4.6: Nodeconnectiorgraphfor thegrab2mp3xample.
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MPEGVideo-

XDisplay-
DecodeNode Node

MPEGRead-
Node

MPEGDemux-
Node

AC3
(MPEGAudio)
DecodeNode

Playback-
Node

Figure4.7: Nodeconnectiorgraphfor thedemuxexample.

The DecodeNodesre connectedwith the PlaybackNodeor soundoutputand
the XDisplayNodefor video output. The synchronizatiorof the audioandvideo
streamis doneby putting presentatiortimestampsnto both streams. The sink
nodesare connectedwith an audio/videosynchronizerthat makes t audioand
videotogethel 8]. Figure4.7 shavs 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
474 dvb_ts

This directorycontainghe examplesto testDVB andtimeshiftingfunctionality

write le

The write le example consistsonly of two nodes: a DVBReadNode(seesec-
tion 4.1.3 in MPEG mode and a RavWriteNode. The exampleis invoked by
write le  lename” and immediatelystartsrecordingthe active channelwhich
needsto be tunedin using an applicationlike dvtest(seebelav). Recordingis

DVBRead-

RawWrite-

Figure4.8: Nodeconnectiorgraphfor thewrite le example.
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MPEGVideo-

Yu DecodeNode

XDisplay-
Node

DVBRead-
Node

Playback-
Node

MPEGDemux-
Node

MPEGAudio-
DecodeNode

Figure4.9: Nodeconnectiorgraphfor the dvtestexample.

stoppedafterkey 'q' is pressed.Therecordedles canbe watchedfor example
usingthe demuxexample(seesection4.7.3. Figure4.8 shavs the two possible

o w graphsof theexample.

dvtest

Thisexampleimplementsavery simpleTV applicationwhich only allows channel
tuningusing+ and- keys. By default the examplestartsusinghardware MPEG-
decoding.Specifyingthecommandine option“-mpeg”, softwnareMPEGdecoding

is used.Figure4.9 shavsthe o w graphof theexample.
Usage: dvtest [options]

-f: Fullscreen

-mpeg: use mpeg output

-Irx: x-aspect ratio
-ry: y-aspect  ratio

timeshifting

ThetimeshiftingexampleprovidesplaybackcontrolsimilartoaVCR in aTV ap-
plication. Theexamplehasno OnScreerdisplayandusesonly a consoleinterface

MPEGVideo
Decode-
Node

XDisplay-
Node

MPEGAudio
Decode-
Node

MPEGDemux- Playback-
Nod Node

Figure 4.10: Node connectiongraphfor the timeshifting example (timeshifting

mode).
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DVBRead-

Node XDisplay-
(Yuv) Node

;' MPEGVideo % i
i Decode-  i-»t Deng;’!’
Node IR

B 5 i MPEGAudio "‘, s
g MPENGgemux- i-»  Decode-  i-»; Playback-
ode oy Node o Node

Figure4.11: Nodeconnectiorgraphfor thetimeshiftingexample(live mode).

for userinteraction(rewind, stop,pause play andfast-forvard are mappedo the
keys“z”, “x”, “c”, “v" and“b”). TheVCR like controlis identicalto the TV state
of the MMBox-Application, describedaterin section5.5.3

Figures4.10and4.11shav the o w graphsof the examplein “timeshifting”
respectiely “live” mode.

475 dvd
dvdtest

This codedemonstratethe useof the DVDReadNode(seesection4.1.2. With

the commandine parameters-t” and“-c” a speci c title andchaptercanbe set
thatshouldbe played. Generallythe structureof the codeis the samelike the de-

mux example(seesection4.7.3 exceptthatthe DVDReadNodéds usedassource.
Figure4.12shavsthe o w graphof theexample.

Usage: dvdtest [options]

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

MPEGVideo-

XDisplay-
DecodeNode Node

DVDRead-
Node

MPEGDemux-
Node

AC3
(MPEGAudio)
DecodeNode

Playback-
Node

Figure4.12: Nodeconnectiorgraphfor the dvdtestexample.
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DVDRead- Playback-

Node Node

Figure4.13: Nodeconnectiorgraphfor 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 chapterso a le. Figure4.13
shavsthe o w graphof theexample.

Usage: dvd2file [options] [filename]
-d --device: Set the DVD device [/dev/cdrom]
-t -itle: 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 kr
kr2le

TheexampleusingtheK r cardsimply consistof two nodesaK rReadNodeand
aRanvWriteNode. TheK rReadNodetakesthedatafrom av4l device. It forwards

KfirRead- RawWrite-

Node Node

Figure4.14:Nodeconnectiorgraphfor thek r2 le example.
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MPEGVideo-
DecodeNode

XDisplay-
Node

MPEGDemux-
Node

KfirRead-
Node

MPEGAudio-

Playback-
DecodeNode

Node

Figure4.15: Nodeconnectiorgraphfor thek rtest example.

thedatato theRavWriteNodethatwritesthedatato a le. Thev4l deviceis passed
asthe rst commandine agumentthe le to bewritten asthesecond.
Thedatadeliveredby theK r cardis a streamalreadyin MPEG2format. So
the dataof the buffers passingthroughthis NMM graphcanbe writtento a le
withoutaddingary headersFigure4.14shavs the o w graphof theexample.

Usage : kfir2file device filename

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

k rtest

The secondexampleconsistof a more complex nodeconnectiongraph(see g-
ure4.195. TheK rReadNodeforwardsits outputto the MPEGDemuxNodewhich
splitsthe MPEG2streaminto anaudioanda video stream.Thevideois decoded
by the MPEGVideoDecodeNodand sentto the XDisplayNode,whereit is dis-
played. Theaudiocomingfrom the K r cardis in compresse®P3 format, soit
is sentto the MPEGAudioDecodeNodendthe decompressedw audiois played
backvia the PlaybackNodeHencethis examplesdoesa live captureof audioand
videofrom theK r card.

Differentcommandine optionscanbe passedo this example. The rst and
only necessaryneis the device namefor the v4l device. The secondoneis a
switchto decidewhetherthe XDisplay shouldrunin fullscreenmodeor not. With
the third andfourth commandine argument,you candeterminethe displayratio
the XDisplayNodeshouldset(e.g. 16 and9 for 16:9format).

Usage : Kkfirtest 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 shaw off all thecapabilitiesof theLCD thatthe LCD driver (seeappendixA.5)
supportsanexamplenamedcd wascreated.lt makesuseof the LCDWriter (see
section4.6.2).

First, the exampleshawvs a standardHello World”-Text, which is setthrough
thesetText () methodandlastsfor onesecondThen,dateandtimeareshavnin
the rst text line, whichis doneby the setDateTime () methodandtheprogress
barrunsfrom 0 to 100 percentin the secondine, which happengiueto multiple
callsof thesetProgressBar () method.After that,amoving characteis shavn
in the secondine, usingsetChar () , andatlast,an examplefor scrolling a text
longerthan20 characterin softwareis shavn.

4.7.8 lirc

TheLIRC example(nmmlirc) doesthe sameasthe examplethatis deliveredwith
LIRC. Thereareno NMM nodesin this example. It just handlessomekeys from
the remotecontrolanddisplaysthe appropriateoutput. The outputis determined
from the con guration le, which canbe passedsthe only commandine option
for this example. If nocon g le is given,the LIRC-library triesto readthe le
“lircrc” from your homedirectory If “.lircrc” doesnot exist in this case,the
examplewill provide anerror Thedescriptionfor the LIRC con guration le can
befoundin D.2.

4.7.9 mp3console

The mp3consoleexampleis — asthe namemay suggest- a consolebasedMP3
player A CD ling applicationdescribedin [32] sened as sourcefor all the

— — -
- ~
s - ~
N
/ .
PNGReadNode XDisplay- )
\ Node
N s/
~ -~
~ —
- -
MP3ReadNode Playback-
Node

Figure4.16: Nodeconnectiorgraphfor the mp3consolexample.

—  TUsed optionally

OSDOverlay-
Node

MPEGAudio-
DecodeNode
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“curses”functions[3]. Figure4.16 shavs the nodeconnectiongraphfor this ex-
ample.

Theexampleis ableto brovsethroughdirectoriegonly les endingin “mp3”
or “MP3" areshawn), selecta songfor playback,browsethroughfurtherdirecto-
rieswhile the songis playedback,selecta nev songandsoon. Also, atthe end
of a le, thenext le in the currentlist is selectedand playedback. The “Up”
and“Down” arrowv keys areusedto move up anddown, the“Enter” key is usedto
selectanentry Thekeys“0” to “9” areusedto selectthe entrywith theaccording
number

To startthis example,you have to passit a “mp3rootpath”,which is the path
underneathwhich all your MP3 les canbe found. Of course this pathcanvary
everytimeyoustarttheexample.Thefurthercommandine optionsare“-I” for en-
ablingLIRC support,“-g” for enablinganauxiliary graphicaluserinterface. This
is anuncommonfeaturefor a consolebasedVIP3 player but it proved asa good
testfor theOSDOwerlayNodgseed.4.3. Thenext option,“-f” tellstheapplication
to runwith thegraphicaluserinterfacenotin windovedbut 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 testthe capabilitiesof our MPEG audio decoderis mp3play It
decodesan MPEG 1 (Layer 2,3) audiostreamand sendsit to the playbacknode
thatis staticallysetto 44.1kHz, 16 bit, stereo.It canalsohandleWAV les that
containMP3 streamdy simply skippingthe WAV header Figure 4.17 shaws the
o w graphof theexample.

Usage: mp3dec filename

4.7.11 mpeg

A exampletotesttheMPEG1/2videodecodeis soft_mpeg (seegure 4.18. It can
readan MPEG video elementarystream(that meansa purevideo streamwithout

MP3- MPEGAudio- Playback-

ReadNode DecodeNode Node

Figure4.17: Nodeconnectiorgraphfor the mp3playexample.
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MPEGRead- MPEGVideo- XDisplay-

Node DecodeNode Node

Figure4.18: Nodeconnectiorgraphfor thesoft_mpg example.

muxed audiodata),decodest andoutputsit onthe XDisplay.

Usage: soft_ mpeg filename

4.7.12 osd

The osdwerlay example shavs most of the capabilitiesour OSDOwerlayNode
(seed.4.3 has. It shawvs thealphablendingof graphicalOnScreerelementsand
alsothe possibility to updateon “still” and “moving” backgrounds.Figure 4.19
explainshow thenodesareconnectedn this example.

While runningthe example,therearedifferentelementshavn on the screen,
sometext items, somegraphicalitems (logos) and four timbersthat represent
samplemenu.Theitemsin themenuareturnedon andoff by beingreplacedwith
different pictures. Eachmenutimber picture was put to the OSDOwerlayNode
twice, oncecoloredin white andoncecoloredin yellow (selectedstate).To select
onetimber, every of the yellow items(or pictures)is setdisabledbut the onethat
shouldbe selectedandevery of the white itemsis setenabledbut the thatshould
beselected.

The examplebeggins with a moving backgroundwhereall 4 menuitemsare
selectecbneby one. Then,the WhiteNoisenode(see4.19) is stoppedn orderto
getastill backgroundandonceagain,all 4 menuitemsareselecteconeby one.
This procedurds beingrepeatednce,andthenthe exampleis nished.

Usage: osd

4.7.13 pngread

To beableto geta backgroungicturein the Multimedia-Boxmainapplication,a
picture le mustbe readand corvertedto a raw image. This functionality is im-

OSDOverlay- XDisplay-

Node Node

Figure4.19: Nodeconnectiorgraphfor the osdaerlay example.
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PNGReadNode| XDisplay-

Node

Figure4.20: Nodeconnectiorgraphfor the pngreadtestxample.

plementedn the PNGReadNodéseesection4.1.4, whichis usedin the example
pngreadtestaindconnectedo a XDisplayNode(comparegure 4.20).

The rst commandine optionof theexampleis the lename of thePNGimage
to beread.This lename is givento the PNGReadNodayhich loadsthe le. The
producedbuffer is forwardedto the XDisplayNodeanddisplayed.

Usage: pngread filename
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Chapter 5

The Multimedia-Box Application

In the previous chaptersplug-insfor playingaudioandvideo and exampleshow
to usethemwere shavn. In the following sectionsthe MMBox-Application is
described. It consistsof a MP3 player a CD player a DVD playeranda TV
player

The MMBox-Application hasa menudrivenhandlingto simplify theusageon
the TV set. The differentmodules- like MP3 playeror DVD player— arerepre-
sentedby iconsin thesemenus.To browsethroughthem,a remotecontrol or the
PCkeyboardcanbe used.The menusaregeneratedby the XMLMenuParser(see
section5.4). Usingdifferentcon guration les the XMLMenuParsercangenerate
differentskinsfor the MMBox-Application.

Thedesignof thecompleteapplicationis madeextendabldor programmersin
the following, theseprogrammersrecalledMMBox developers.They canmake
useof someclasseandmechanismshathelpto createextensiongastandeasily

As the MMBox-Application is recon gurable,all con guration options— in-
cludingthe menulayout— areexportedout of themaincode.A XML documents
usedfor nearlyall con gurationsexpectsomeof theusedcomponents-like LIRC
or theDVB API —which usetheir own con guration les. Theusageof this XML

le makesit easilypossibleto createown skinsfor theapplication.

Figure5.1 shawvs the structureof the MMBox-Application. It consistsof sev-
eralmodules:

GlobalnodesncludinganOnScreerlisplay(seesection5.1)
XML menuparser(seesection5.4)
Statemachine(seesection5.3)

Stategseesection5.5)
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Application

global nodes

DvdState 0SDOverlay
Display-
O—’O Node
Es—— >
User input layback:
6 Node

MP3State

XMLMenu | ) [ Auto- Auto- I

XML Configuration Parser generates | Menu
File

—_—_—— e e —_- — a

Figure5.1: Architectureof the MMBox-Application.

5.1 Global nodes

Theenduserof the Multimedia-Boxhasthe possibilityto switch betweerseveral
applicationdike DVD, MP3,CD or TV player Whenswitchingto theseapplica-
tions eitheraudio, video or both are presented.That meansin every application
anaudioand/orvideosink areneededThesenodes- provided by the mainappli-
cation— arepermanenandglobal. A MMBox developerdoesnot needto create
thesenodeshe cansimply connecto them. An adwvantageof the globaldisplayis
to avoid ick eringthathappenedf thewindow is closedandthe desktopappears
shortlyuntil thewindow is reopenedhgain.

Besideghesetwo nodesthe OnScreerisplaynode(seesection4.4.3 is per
manentandglobal aswell becauseavery applicationmusthave the possibility to
printits statusnformation(e.g.tracklists, errormessages)nthescreen.

5.2 MMBox-A pplication menu

The usercan selectthe different playersby browsing (section5.2.1) througha
menu.Figuresb.2 and5.3shav possiblemainmenusof the MMBox-Application.
Menuscanhave severalsubmenusagain.It hasatree-like structure Menusconsist
of entriesthatarepresentedby images.Theusercannavigatebetweerthesemenu
entriesandsubmenus.

5.2.1 Menu Navigation

While auseris in amenu,he caninteractwith the keyboardor remotecontrol. As
the buttonson the remotecontrol can be freely programmedpnly the keyboard
keys arereferred:
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Figure5.2: Themainmenuwith icon style.

Pressingheleft andright keys the buttonnext to the actualselectednenuis
selected.

If the menuconsistsof severalrows (see gure 5.2) the up anddown keys
canbeusedto jumpinto thenext or previousline.

Whenpressinghekey “q”, it will beswitchedto theparentmenui,if thiskey
is pressedn themainmenu,nothingwill happen.

With thekey “ESC” theapplicationis nished.

5.2.2 Building a MMBox-A pplication menu

A MMBox-Applicationmenuis generallya collectionof buttonsthatcanbe placed
over abackgroundyraphic.If abutton(menuentry)is selectedhebuttonchanges

Figure5.3: Themain menuwith styleneon(left) andstyletimber (right).
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Figure5.4: The submenuafter pressingthe CD button with style neon(left) and
styleicon (right).

its shape.Thatmeanst is replacedby anothergraphicto indicatethatthe button
is selected.

A button canbe selectedby pressingthe cursorkeys on the keyboardor by
using the correspondingputtonson the remotecontrol. Only one button canbe
selectecht onetime. If a buttonis selectedall otherbuttonsaredeselectedSuch
buttonsarecalledradiobuttons.

If a menuis enteredoy pressingthe “Enter” key on the keyboardor remote
controlanothemenuis displayedor anapplicationlike the CD playeris started.

A MMBox-Application menuis generatedby the XMLMenuParser thatreads
the menudescriptionout of an XML document.The documenthat containsthe
MMBox-Application menudescriptionconsistsof differenttags. The root tag of
this documentis the “con guration” tag. In this con guration part, “menu” tags
canbeplaced.Each“menu” sectiondescribesa menuwith differentbuttons. The
menutag musthave anid attribute thatis usedto referenceghe menu. Within the
menusection,‘entry” tagsareplacedthatdescribeeachmenubutton. The content
of thetagmaybetheid of anothemenuwhichis activatedif thedescribedutton
is pressedsee gure 5.4). It may alsobe the id of a registeredstatewhich is
activatedthen(seesection5.5). Thelook andthe positionof a buttonis speci ed
by the attributesof the“entry” tag. Following attributescanbe set:

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

The"on” attribute pointsto abitmap le (PNG le format)thatis usedto paint
the button if it is selectedthe “off” attribute pointsto a bitmap that shaws the
button with its unselectedstate. “x” and“'y” are screencoordinatesof the left
uppercornerwherethe buttonshouldbe placed.

The“index” attributeis anumbemwhichis usedfor navigation. Firstthe button
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with index 1 is selectedthe next button thatis selecteds the button with index
2, etc. Generallyif theright or down (respectiely left or up) key is pressedthe
buttonwith thenext higher(respectiely lower) index accordingo theindex of the
currentlyselectedouttonis selected.

Figure 5.2 shavs a menuwherethe buttonsare placedin lines and columns.
Theupperleft buttonhasindex 1, the upperright index 2, etc. In the casebutton
with index 1 is selectedandkey down is pressedthe buttonwith index 3 should
be selected.In that casethe menutag canhave a columnsattribute that setsthe
numberof columnsperline, sothatif key up or down is pressedhe correctindex
is used.

Building a MMBox-A pplication menu: an example

Building a menuasshovn in gure 5.2 on page48 rst needssomegraphicsfor
shaving the buttons. The graphicscan be paintedwith ary tool that can export
its imagesto PNG format. The backgroundscreenhasa size of 720x576pix-
els. Sothe size of a button shouldnot extend this boundary To place4 menu
buttonson the screeneachbutton shouldbe about190x190pixels, but this value
canbe adjustedindividually. Figures5.5, 5.7, 5.9 and5.11 shav the unselected
menubuttonsfor the DVD player CD player TV playerand MP3 player Fig-
ures5.6, 5.8, 5.10and5.12shaw its correspondingraphicsf they areselected.

Now anXML le mustbecreatedvheretheindex andpositionof eachmenu
buttonis set.In thefollowing XML le it is assumedhatthe PNG 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 5.7: UnselectedCD Menu-
Button.

Figure 5.9: UnselectedTV Menu-
Button.

Figure5.11: UnselectedP3 Menu-
Button.

Figure 5.6: SelectedDVD Menu-
Button.

Figure5.8: SelectedCD Menu-But-
ton.

Figure5.10: Selected’V Menu-But-
ton.

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
describenebutton. For examplethe rst buttonthat shouldrepresenthe DVD
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 meanst is the
rst buttonthatis selectedf themenuis entered Themenuitself hasgotacolumns
attribute with a valueof 2 becausehe buttonsarearrangedn a square sothatit
canbenavigatedcorrectlyup, down, left andright like mentionedn section5.2.2

The contentof the “entry” tagis setto “DVDPlayer” that meansf thereis a
menuwith thisid, it will be enteredf the“Enter” key is pressedlIf thisid isn't a
menuid, the statethatis registeredwith thisid is called. Thiswill bedescribedn
section5.3. If thisid is neitheramenunor aregisteredstate nothingwill happen.

5.3 Statemachine

Sofarthereareseveralindependensub-part§MP3-, DVD-, CD-PlayerandTV),
eachof themwith a specialbehaior. Somecanplay les from disk andtherefore
they needa selectionbox (seesection4.6.1) wherethe usercanselectthe les,
othersneedto displaytitles of an AudioCD. But also the userinput differs: a
pushon the pausebutton simply pausesa playing AudioCD, but a pushon the
samebuttonin the TV applicationstartsthe completeimeshiftingmechanisnisee
section5.5.3. In thefollowing eachsub-pariof the MMBox-Applicationis called
state.

The stateexpressionis usedbecausehe MMBox-Application switchesto a
completelynew behaior if it is switchedfrom a menuto aplayeror from a player
to anotherplayer Soif akey is pressedt mustbe decidedwhich stateshould
receve this key. A variant of the statepatterndesignthat is describedn [14]
is usedto alterthe behaior of the MMBox-Application. Figure 5.13 shavs the
generaktructureof 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 * );

52



5.3.Statemachine

MMBoxApplication MMBoxState

— - —upo <> Up0
Downt

wn() ) Down()
registerState(string, MMBoxState)

_ state->Up() l

CdsState DvbState DvdState MP3State AutoMenu

Up() Up() Up() Up() Up()
Down() Down() Down() Down() Down()

Figure5.13: The MMBox-Application StateMachine.

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

k

This functionsarecalledif the correspondindcey onthe keyboardor remotecon-
trol is pressed. Thereforea keyboard producer a remotecontrol producer(see
sectiord.5) andaneventdispatche(fseesection2.2) areused.Thedispatcheralls
thefunctionof theclass MMBoxApplication , soeacheventis registered:

( EventDispatcher  *) dispatcher ->registerEvent ("KEY_Up ",
new TEDObject0 <MMBoxApplication >(
(MMBoxApplication  *) app,
&MMBoxApplication ::Up ));

The KEY_Upstring is generatedy producers.So eachproduceris rst con-
nectedo 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 statesaresubclasseffom theclass MMBoxState thathasthe samein-
terfacefor the userinput like the class MMBoxApplication . The latter class
delayatesstate-speci crequestdo the actualselectedstate. Internally the class
storesthe stateswith a stringidenti er, sofor examplea DVD-Playerstateis reg-
isteredwith its corresponding/iIMBoxState objectby calling:

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

“DVDPlayer”is astringidenti er for thestate.Thatcanalsobeusedo actvate
this statefrom anautomaticallygenerateanenu(seesection5.2.2.

Theclass DvdState is a subclasf MMBoxState and containsall func-
tionsthatareneededo play a DVD-Video(chapterselectionNMM nodeconnec-
tions, etc). This classstructurecanlook 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  dolnitialize ( MMBoxApplication * );
Result  doUninitialize ( MMBoxApplication * );

);
);

As the MMBox-Application storesall globalnodesandsomeusefulfunctions
for nodehandling,a pointerto the MMBox-Application instancemustbe given
to the state,soit hasaccesdo this functions. Therea two specialmethods.The

rst oneis calleddolnitialize () andcouldbe comparedwith the constructor
of aclass.lt is alwayscalledat the beginning whenswitchingto the given state.
The secondoneis called doUninitialize () andit is calledbeforeswitching
to anotherstate.It could be comparedvith the deconstructoof a class.The state
switchingis doneby callingthechangeState methodthatneedsastringidenti er
of astate.

54 XMLMenuP arser

Theclass XMLMenuParser cangenerate menuautomaticallywheredifferent
buttonscanbeselectedlt takesacon guration le (seesection5.2.2 wherethese
menusare speci ed. The parsergeneratedor eachmenua specialstatecalled
AutoMenu.

class AutoMenu : public MMBoxState {
public

/
constructor needsa string id that identies the class
\paramid the menuid string
/
AutoMenu ( string , MMBoxApplication * );
~AutoMenu ();
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void addButton ( int buttonid , string label, int x, int v,
string unselected id , string  selected id );
void setStep ( unsigned int s );

Result  Up() ;

Result Down();

Result Left ();

Result Right ();

Result Return ();

Result Back();

Result  dolnitialize ( string );
Result  doUninitialize 0;

TheXML le describedn 5.2.2is parsedandfor eachentry” tagthe method
addButton (...) is calledthataddsa buttonto the menuwith the given bitmap
les (unselected_idselected_ig atthe given position(x andy). The “buttonid”
containgheindex of the buttonandthe “label” getstheid of the statethatshould
beenteredf thebuttonis pressed.

5.5 States

Statesaretheimplementatiorof theindividual playersof theMMBox-Application.
In thefollowing sectionsachstateis described.

55.1 AutoMenu

Like seenin section5.4, the XML menu parsergenerategshe AutoMenu state
(or stateslautomatically It represents whole menuwherethe usercanbrowvse
throughandswitchto anothemenuor player Theuserinput candiffer depending
onthelook of the menu(seesection5.2.7).

5.5.2 DVD-Player

The Multimedia-BoxDVD playercanplay DVD-Videos. It outputsthe maovie on
the display and down-mixesthe AC3 soundto stereo,soit canbe playednearly
on all soundcards.Eachtitle and chapterof the DVD-Video canbe selectedby
theremotecontrol. Theselectionof chapterandtitle is realizedby a selectionbox
wherethe differentchaptersi/tittesanbeviewedby pressinghe up/davn andplay
buttonon theremotecontrol.

By pressingheup anddown keys the chapterandtitle selectiormenupopps
up ( gure 5.14). A new chapter/titlecanbe selected.

Whenpressinghekey “Return” the selectecchapteri/titlewill be played.
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Figure5.14:DVD Selectionof title andchapter

Whenpressinghekey “q”, it will be switchedto themainmenu.

Thegraphicalselectionmenusdlik e thoseof a stand-alond®VD playerarenot
implemented/et, but will beaddedn thefuture.
Besidethe globalnodesthe playerconsistf 4 nodes:

DVDReadNoddseesection4.1.2
MPEGDemuxNoddseesection4.3.])
MPEGMdeoDecodeNodéseesection4.4.])

AC3DecodeNodéseesectiond.2.4

The connectionof thesenodesis shawvn in gure 5.15 The DVDReadNode
readsandparseghe DVD-Video streamandoutputsan MPEG2programstream.

OSDOverlay-
Node

XDisplay-
Node

MPEGVideo-
DecodeNode

MPEGDemux-

Node Nodes of mmbox application

AC3-

»| Playback-
DecodeNode »

Node

7

Figure5.15: Nodeconnectiorgraphfor DVD application.
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The MPEGDemuxNodssplits this streaminto anaudioandvideo streamthatare
sentto the correspondinglecodersThesenally sendthe decodedstreamdatato
theoutputnodes.

5.5.3 DVB-TV

The Multimedia-Box TV-applicationcurrently supportsdigital satellitetelevision

(DVB-s) including timeshifting capabilities(pauseand seeking). Becauseof the

limitations of the currentLinux DVB driver (seesection4.1.3 hardware MPEG

decodingis only possiblefor live-pictures(if the usedDVB cardhasan MPEG

decoder).So live andtimeshiftingmodesneeddifferent o w graphswhich must

be switchedaccordingto theactionsa usercaninitiate.
TheTV-applicationconsistof 7 nodes:

DVBReadNodén YUV-mode(seesectiond.1.3
DVBReadNodén MPEG-modgseesection4.1.3
MPEGTimeshiftingNodgseesection4.3.2)
MPEGDemuxNodéseesection4.3.1)
MPEGMdeoDecodeNodéseesection4.4.])
MPEGAudioDecodeNodéseesection4.2.3

DevNullNode (simply discardancomingbuffers)

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

DVBRead-

OSDOverlay-
Node

y
)

XDisplay-
Node

. MPEGVideo
i Decode- - Demr;gg—
Node ;

Nodes of mmbox application

" MPEGAudio : \
MPEGDemux- ' [ h 3
-»  Decode- ..,( ....................... P Playback- |

Node i Node 10 \ Node :

DVBRead-

Figure5.16: Flowgraphfor DVB state(live).
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MPEGVideo

XDisplay-
Decode-Node 'ﬁ,‘;gg

MPEGDemux-
Nod

Nodes of mmbox application

MPEGAudio
Decode-Node

»| Playback-
v Node

7/

Figure5.17: Flowgraphfor DVB state(timeshifting).

'instant-replay' (watchingapproximatelythe last 30 secondsagain)a secondin-
stanceof the DVBReadNoderoducingMPEGbuffersis connectedo the MPEG-
TimeshiftingNode.Although the nodeis connectedo the MPEG decodergraph,
in live-modeno bufferswill leave the MPEGTimeshiftingNode.

Calling pauseor instant-replay(mappedto the rewind key), timeshifting is
startedandtheinitial o w graph(see gure 5.16 is switchedto the oneshavn in
gure 5.17 Thisis doneby disconnectinghe OSDO\erlayNodefrom the DVB-
ReadNoden YUV-modeandconnectingt to the MPEG video decodemhereit
replaceghe DevNullNode. In timeshifting-modehe playbackcanbe controlled
like a VCR. The playbackcan be paused fast-forvardedor rewinded using the
VCR controlkeys on theremotecontrol (if usingthe default con guration). Fast-
forwardingof courseworksonly until the'live-position'is reachedandon rewind,
playbackstartsat the positionwhentimeshiftingwas started. The stopkey tem-
porarydisablegimeshifting. This meansa live pictureis shovn andpressinghe
play key startsplaybackat the positionwhenstopwaspressedlf pressingstopfor
asecondime, the le thatwasusedfor databuffering is deletedanda live picture

canbewatched.

Channel-switchings only allowedwhile in live-mode.Thiswasdonebecause
a userexpectsa responsdf pressinga key andit would not be intuitional if a
channel-switctcould be seen rst minutesafter the key was pressedmaybeby
mistale). Live-modecanbe reacheckitherby stoppingtimeshifting (deletesthe
buffer- le) or by fast-forvarding to live-position(without destrging the previ-
ouslyrecordeddata). Thefull statetransitiondiagramis shovnin gure 5.18

Keyboardcontrolis doneusingthefollowing keys:

Up anddown keys areusedfor channekwitching.
The“p” key togglespausanode.

Pressinghe*l” key (live) stopstimeshifting. If pressedwice thebuffer le
is deleted.
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.
. .

- LS
s ’

allowed

Rewind

Rewind
(Instant Replay)

FORWARD

FastForward

Figureb5.18: Statetransitiondiagramfor TV application.

Forwardandbackward seekings doneusing“f” and“r” keys.

The“Enter” key startsnormalplaybackif seekingor enabledimeshiftingif
it wasstoppedoefore.

Whenpressinghekey “q”, the TV applicationis stoppedandthe Multime-
dia-Boxshavs up themainmenu.

5.5.4 CD-Player

A basicneedfor the Multimedia-Boxis a CD-Player( gure 5.20shaws a screen-
shot). The stateinstantiatesa CDDANode (seesection4.1.1), connectst to the
globalPlaybackNodandstartsthis o w graph.

As playingan AudioCD doesnot producevideo data,the default background
is kept. The contentsof the AudioCD — provided by the CDDANode via CDDB

PNGReadNode] OSDOverlay- XDisplay-
Node Node
Nodes of mmbox application

CDDANode Playback-
Node

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

—is presentedn a List Box (seesection4.6.]) via the OSD. The currentlyplayed
track of the AudioCD is indicatedby a signin this List Box. Above the List Box,
theartistandtitle — provided by CDDANode— of the AudioCD is displayed.The
connectedo w graphfor the CD-Playercanbeseenn gure 5.19

Two entriesin thecon guration le (seesectionD.1) areusedn theCD-Player
state.The rst oneis “cddb” which mustbesetto “true” if theuserwantsto query
a CDDB sener to getinformationson the AudioCD. This optionwasintroduced
to avoid problemson machineshot connectedo theinternet. The secondptionis
called“cddbserer”. If it is setto a value,this valueis usedashostnamefor the
CDDB senerto contactto insteadof thedefault one.

While playingthe AudioCD, the userhasdifferentpossibilitiesto interact. As
the buttonson the remotecontrol can be freely programmedpnly the keyboard
keys arereferredfor this interactions:

Pressinghe up anddown keys will tell the CD-Playerto switchto the next
respecirely previoustrackonthe CD. If the currenttrackis thelastrespec-
tively rst track of the AudioCD, it will automaticallyswitch to the rst
respectrely lasttrack.

Pressinghekey “p” oncewill pausethe playback.Pressingt anothertime
will continueplayback.

Theusercanseekforward (key “f ") andbackward (key “r") by 4 seconds.
Thekey “I" startslive mode.

Whenpressinghe key “q”, the CD-Playeris stoppedandthe Multimedia-
Box is switchedto the CD-Players parentmenu.
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PNGReadNode] OSDOverlay- XDisplay-
Node Node

Nodes of mmbox application

CDDANod MPEGAudio- Generic- Playback-
WriteNode ( Node

Figure5.21: Nodeconnectiorgraphfor CD-Grabbeistate.

5.5.5 CD-Grabber

The CD-Grabbercorvertsthe tracksof the currentlyinsertedAudioCD into MP3
les, sothatthey canbelistenedto laterusingthe MP3-Player

Thevisualinterfaceis basedon thatof the CD-Player Currently the userhas
no possibilityto interactwith the CD-Grabbeibut to stopencodingoy pressinghe
key “q”. Thiswill notify the mainapplicationto returnto the previous menuand
leave theaudio les asalreadywritten.

Internally the CD-Grabberinstantiategshe CDDANode for readingthe Au-
dioCD dataand connectst via the MPEGAudioEncodeNod® a GenericWrite-
Node. As in the CD-Player the CD-Grabberutilizes the CDDB capabilitiesof
the CDDANodeto generatele namesanddirectorieswith artistandtracknames
for its outputinsteadof namingthe les with “Track 01.mp3”"for example. The
complete o w graphof the stateis shavn in gure 5.21 As no audibleoutput
is generatedthe PlaybackNoddrom the main applicationis not connected.The
video o w graphworksthesameway asin the CD-Playerstate(seesection5.5.4).

The CD-Grabberis also capableof writing “playlist les” readableby most
desktopMP3 playersto play the generatecudio les in the order in which they
appearon the AudioCD. Theseplaylist les aretext les with thesufx “.m3u”
with one lename perline in the desiredorder The CD-Grabberstategenerates
this le whenit startsand lls it with all MP3 lenamesto be written. It getsthe
informationneededhereforewhenit generatethelistbox for theOSD.The le is
thenstoredwith a lename generatedrom the artistandtitle of the AudioCD in
thesubdirectory'playlists” from thedirectory wheretheaudio les arewrittento.

As the CD-Grabbemusespartsof the CD-Playerstate it usesthe settingsfrom
thecon guration les (seesectionD.1) for the CD-Playeraswell assomespecial
settingsfor this state. To be ableto listen to the recordedaudio, it even usesa
settingfrom the MP3 state.The settingsusedare:

“grabmp3bitrate’is usedto setthe bitrateof the MP3 les whenencoding.

“grabmp3quality”is usedto specifythe encodingformat. The valuerange
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PNGReadNode] OSDOverlay- XDisplay-
Node Node

Nodes of mmbox application

MPEGAudio- Playback-

Figure5.22: Nodeconnectiorgraphfor MP3 state.

goesfrom O upto 9. A highervaluemeansa betterquality.

“grabdestinationidectary” speci esthe directoryunderthe “mp3rootpath”
(seesection5.5.6, wherethe output les shouldbe stored.

“grabcreateplayli$ is usedto decidewhetherto createplaylistsfor desktop
MP3 playersor not.

“cddb” shouldindicatethata CDDB query(seesectior4.1.]) shouldbeused
to getartistandtracknames.This optionis reusedrom the CD-Playerstate.

“cddbserer” is alsoreusedrom the CD-Playerstatewith the sameseman-
tics.

“mp3rootpath”indicateswheretheaudio les shouldbewrittento.

5.5.6 MP3-Player

TheMultimedia-BoxMP3 playeris the partof theapplicationthatis ableto play-
backtheMP3 le ontheharddiskof thebox (ascreenshas shavnin gure 5.23.
It displaysthe contentof afolderin aListBox (seesection4.6.]). Onecanmove
aroundwith the remotecontrol or the keyboardand selectthe le to play or the
folderto enter Figure5.22shavs how the nodesareconnectedn this state.

The MP3 player statereadsa variablefrom our commoncon guration le,
(seeappendixD.1), which is called“mp3rootpath”there. This variablecontains
the basedirectoryfor all mp3 les the box canplay. Knowing this initial path,
all entriesin this directoryare scanned.The entriesare sortedby rst takingall
sub directory entries, sorting them alphabetically then taking all entriesending
with “.mp3”, sortingthemalphabeticallyandappendinghemto thelist of (sorted)
directories.

The sortedlist is thenaddedto an OSD List Box which is displayedvia the
OSDOvwerlayNode With thefunctionality of this List Box (comparesection4.6.])
the usercanmove up anddown in the list andselectthe differententries. When
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Figure5.23: TheMP3 playerplayingaMP3 le.

a directoryis selectedthe actualpathis setto this directoryandits own entries
aredisplayed.Thereis alwaysanentrycalled“..” to go up to the parentdirectory
(therootdirectoryhasno parent). WhenaMP3 le is selectedtheevent“use le”
is sentto the MP3ReadNodewhich tells it to usethe actual le for reading.All
nodesin the audiopart of the chainarestartedthen,andthe MP3 le is decoded
andplayedback.

While the le is beingplayed,it is still possibleto navigatethroughthe MP3
directory tree, andlook out for other songs. The nameof the currently played
le is alwaysshavn atthe bottomof thedisplay If anotheMP3 le is selected,
the playbackof the current le is stoppedandthe selectedle is setasthe actual
oneandplayedback. If theendof a le is reachedthe MP3 playerreactsto the
event“end_track”. Thenext le in thelist is selectedandplayed. This is useful
for playingwholedirectoriesandavoidsthatthe userhasto selectanewv songeach
timetheold oneends.A list of the possiblekeys andtheaccordingactionsfollows.
As thebuttonsontheremotecontrolcanbefreely programmedonly thekeyboard
keys arereferred:

Theup anddown keys areusedto scrollthroughthelist of les.

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

Seekingorwardcanbedoneby pressing'f”, seekingoackwardby pressing

ur .

ToleavetheMP3-Playerthekey “q” hasto bepressedTheMultimedia-Box
is switchedto the MP3-Players parentmenuthen.
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5.5.7 Adding anew state

The MMBox-Application canexpanededvith new players,encodersetc. There-
fore thenew statemustbedervedfrom theclass MMBoxState :

class NewState : public MMBoxState {
public

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

Result  Up();

Result Down() ;
Result Left () ;
Result Right () ;
Result Return ();
Result Back() ;

Result  dolnitialize 0;

Result  doUninitialize 0;
protected

OSDOverlayNode * osd_node ;

The constructomeedsa stringid thatidenti es the stateandit getsa pointer
to the MMBoxApplication. In the constructura pointerto the OSDOwerlayNode
shouldberequestedrom the MMBoxApplication:

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

osd_node = app->getOsdNode ();

}
So the capabilitiesof the OSDOvwerlayNode(section4.4.3 canbe usedfor own
purposes.If the new stateis activatedthe dolnitialize () methodis called.

As thereis no graphthatis connectedt this point, the MMBoxApplication offers
the methodcreateDefaultGraph () to createa default graphandthe method
startDefaultGraph () tostartthisgraph.Figure5.24shavsthisdefaultgraph.
The PNGReadNodeeadsa imageand sendsthe RGB datato the RGBtoYV12-
CorverterNodewvherethedatais corvertedto YV12. Thisdatais sentto the OSD-
OverlayNodeand nally sentto the DisplayNode.

Hereis aframework for the dolnitialize (0 method:

Result NewsState ::dolnitialize 0 {

if ( FAILURE == app->createDefaultGraph 0 X
return FAILURE;

}
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PNGRead- RGBtoYV12- OSDOverlay- XDisplay-

Converter- Node Node

Node Node

Playback-
Node

Figure5.24: Nodeconnectiorof the MMBox default graph.

if ( FAILURE == app-> startDefaultGraph 0 X
return  FAILURE;

}

return ( SUCCESS);
}

If a new video sourceshouldbe connectedit shouldbe connectedo the OSD-
OverlayNode.First the PNGReadeNodand RGBtoYV12CowerterNodeshould
be stoppeddeactvatedanddisconnectedfom the OSDOwerlayNode With

disconnectDefaultGraph 0
thedefault graphshouldbedisconnectedf the stateis nished:

Result NewsState :: doUninitialize 0 {
app-> disconnectDefaultGraph 0;

return ( SUCCESS);
}

At lastthe XML le mustbeadjusted A nev menubuttonfor the NewStatemust
beaddedbetweera“menu”tag:

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

To make the new stateknown to the MMBox-Application, it is registeredwith:

MMBoxApplication app;
app .registerState ("NewState ",
new NewState ("NewState ", &app)) ;

65



Appendix A

Operating Systemand Drivers

Obviously, beforerunningary of thedescribedoftware,onehasto installandcon-
gure Linux onthedestinatiorcomputer Therearemary waysto install a Linux
system. One of mostcon gurable waysis to usethe free Debiandistribution®.
Detailsabouttheinstallationcanbefoundat[5].

The NMM softwareis not boundto the Debianlinux distribution andcanalso
be compiledandexecutedon ary otherLinux distrikution.

Thefollowing descriptionof how to install therequireddriversis basedn the
assumptiorthatthe userhasinstalleda DebianLinux system.Somethingsmaybe
handleddifferentlyin otherdistributions.

A.1 Matr ox Mar vel G400driver

XFreeaswell asMatrox provide X11 driversfor the G400.But bothof themsuffer
supportfor Xv-Extensionandhave blackbordersaroundthe screeron TV-Output.
To useTV-Out with scalabilityandfullscreenin overscanmode,the frameluffer
device is used.If thekernelhasno frameluffer support,a nev onemustbe com-
piledlike this:

1. switchto /usr/src/linux

2. type:make menuconfig

Hereis alist whatshouldbe enabledn a 2.4 kernel. (M) indicatesthatthis
driver shouldbea module:

Codematuritylevel options->Promptfor development ..
Processotypeandfeatures->MTRRsupport

(M) CharacteDevices->12CSupport

(M) CharacteDevices->I12Cbit-banginginterfaces

http:/iwww.debian.org/
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A.1. Matrox Marvel G400driver

Consoledrivers->Frame-liffer support->Suppoffor frame...
Consoledrivers->Frame-tiffer support->VESAVGA ...
Consoledrivers->Frame-lffer support->Matroxacceleration
Consoledrivers->Frame-ffer support->G100/G200/.
Consoledrivers->Frame-tiffer support->MatroXd2C support
(M) Consoledrivers->Frame-tiffer support->G40Gecond ..
(M) Consoledrivers->Frame-tiffer support->G45Gecond . .
Consoledrivers->Frame-liffer support->Multiheadupport

3. Savethecon guration
4. type: make-kpkg --revision=1 buildpackage

5. switchto /usr/srcandinstall the new 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. runiioc again

ThenaX11 con guration canbe createdwith a frametuffer driver (by chang-
ing the “driver mga” entry with “driver fodes” entry). On the Multimedia-Box
therearetwo X11 con guration layouts. With startx,the normalMGA driver is
used,f theX seneris startedwith

startx - -layout TV

the frametuffer driver is used. To usethe TV output, someregistersof the
Matrox cardmustbe changedvith thecommandsfbset” and“matroxset”. These
canbe found in the “TVout” directory from MPlayer[27]. First the command
“mga_modules’mustbe startedto load somespecialMatrox modules. ThenTV
outputcanbe startedwith “mga_cloning”. Now the TV screenshouldshav the
samethingslike themonitor If not, probablythetiming of the X con gurationis
wrong. Goodtiming valuesareshavn 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 outputis actve. With the
DotClock settingthe frame rate can be adjusted(hereit is 85Hz). The H- and
VTimings shouldnot be changed.If TV outputis actvatedwith “mga_cloning”,
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the framerate of the monitoris adjustedo the framerateof the TV. Thatmeans
about50Hz on the monitor The disadwantageof the TV outputmodeis thatthe
framehuffer device cannotusethe Xv-extensionwith its YV acceleratiomndhard-
warescaling.Butthereis aspecial'Matrox accelerationiwith adriverthatis found
in the “drivers” directory of the MPlayeraswell to load this driver the following
hasto bedone:

1. type:insmod mga_vid.o mga_ram_size=16
2. type:mknod /devimga_vid ¢ 178 0

3. with mga_vid_test thedriver canbetestedf it workscorrectly

In thefollowing, thereis aninstructionhow the above driversanddevicescan
beloadedandcreatecautomaticallywhile booting:

1. copy all drivers(for examplemga_vid.oxhatareneededo:
/lib/modules/<kernel_version>/misc/

2. type: depmod -a

3. insertheedednodulesin /etc/modules:

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

4. createa le /etc/modutils/mgavith following content:

options mga_vid mga_ram_size=16

5. type: update-modules , SOthe parametewill beenteredn modules.conf
6. to createthe/dev/imga_viddevice, aninit scriptis created:

switchto: /etc/init.d
createanen le (calledmmbox)with following content:

# This is an init script for the MMBox.
#
MGADEV=/dev/imga_vid

case "$1" in

start)
echo -n "Applying MMBox patches:
echo -n "Creating mga device"
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A.2.LIRC driver

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

#

Hereall commandsanbe enteredhat shouldbe executedon startup, shut-
down etc.

7. type:update-rc.d  -n mmbox defaults 90 t0 generatesymlinksfor thediffer-
entrunlevels.

A.2 LIRC driver

The LIRC packagecanbe obtainedasa Debianpackagewhich canbe easilyin-
stalled.

To learnmoreaboutLIRC, we decidedto getthe sourcepackagefrom [11].
It canbe easily unpacled, and simply be build with configure , make andmake
install  asroot.

Thelircd shouldbe startedautomaticallyat boottime. Thisis only possibleif
the serialportsarecon gured into the kernelasa module. Additonally, the devfs
entrieshave to bemodi ed, soa/dev/ttySOdoesexist.

Thereis a standard.IRC startupscriptdeliveredwith the DebianLIRC pack-
age. As liremd isn't neededthis scriptwaschanged.Below is the init scriptfor
lircd thatwasadaptedrom the standardDebianscript:

#! /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 O
setserial /dev/ttySO uart none || exit O

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 /ust/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 /ust/local/sbin/lircd
restart)
echo -n "Stopping lirc  daemon:"
echo " lircd"
start-stop-daemon --stop  --quiet \

--exec /usr/local/shin/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/shin/lircd \

- --device=/dev/lirc
echo "."

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

When starting,the modulefor LIRC, the “lirc_serial” moduleis loaded rst
andthenthe lircd is started. When stopping, rst lircd is stoppedandthenthe
moduleis unloaded.
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A.3 DVB driver

Linux driversfor Siemen®DVB cardscanbe downloadedat linuxtv.org? assource
codeor asDebianpackage After compilingthedriverswith .jconfigure ~ andmake,
amake insmod (asroot)installsthemuntil the next reboot.

A.4 Sounddriver

Thekernelbuild-in driverisn't usedasthedriver providedby the ALSA-project[ 1]
offersbettersupportandmore e xibility.

To install this driver, thefollowing les from the ALSA-projecthomepagél]
mustbe downloaded:

alsa-diver-X.tarbz2
alsa-lib-X.tathz2
alsa-utils-X.tabz23
alsa-tools-X.tabz2®
alsa-oss-X.tanz23

Installingall packagesanbe doneby extractingthem,changingo thecreated
directoryandtyping ./configure; make; make install  (thelastcommandnustbe
doneasroot).

If devfsis usedaddthefollowing tothe le /etc/defs/devices:

#alsa sound devices

admmidio c 14 14 root audio 0666
admmidil 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
adspl c 14 28 root audio 0666
adsp2 c 14 44 root audio 0666
adsp3 c 14 60 root audio 0666
aloadCoO 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
amidio c 14 13 root audio 0666
amidil c 14 29 root audio 0666
amidi2 c 14 45 root audio 0666
amidi3 c 14 61 root audio 0666
amixerQ c 14 11 root audio 0666
amixerl 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

3The X in thenamecouldbeary currentversionnumber
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audio0 c 14 4 root audio 0666
audiol c 14 20 root audio 0666
audio2 c 14 36 root audio 0666
audio3 c 14 52 root audio 0666
dmfmO 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
dmmidio c 14 9 root audio 0666
dmmidil 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
dspl 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
midil c 14 18 root audio 0666
midi2 c 14 34 root audio 0666
midi3 c 14 50 root audio 0666
mixerQ c 14 0 root audio 0666
mixerl 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 rereacthis con guration,the easiestvay is to rebootthe system.
Beforethe soundcardcanbeused,thén- andoutputshasto beenabledasthey
aredisabledby default. This canbe doneby usingamixer:

type: amixer
A list of “groups” with their settingwill beseen.

for eachgroupnamedo: amixer set <groupname> unmute

Now, the soundcardshouldbereadfor atest.

A.5 LCD driver

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

The headerle for thedriver—lcd_2x20 .h — providesa structLCDctrl for
delivering datato thedisplay andsomede nesto specifythe differentcommands
andthe positionsof theuserde ned characters:

#define  LCD_WRITE 10

#define  LCD_CLEAR20

#define  LCD_WRITE_CHAR30
#define LCD_DEC_USE_COUNZ0
#define  CHARNUM_UP_ARRGA0
#define  CHARNUM_DOWN_ARROW
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#define CHARNUM_TRADEMARKOX?2

#define CHARNUM_TRADEMARKOKB

#define CHARNUM_BARDx4

#define CHARNUM_BAR®x5

#define CHARNUM_BARBx6

#define CHARNUM_BAROx7

#define CHARNUM_BARDBXff // carit write morethan8 user

/I de ned characters, and" all pixels on" wasalready de ned as 0 xff .

const unsigned char LCD_CHAR BARl = {
ox10, /I 10000
ox10, // 10000
ox10, /I 10000
ox10, // 10000
ox10, /I 10000
ox10, /I 10000
ox10, // 10000
ox10 // 10000

k
[.]

struct LCDctrl
{

unsigned char line0 [41];
unsigned char linel [41];

int  posx;
int posy ;
unsigned char ch;

Thecharactepositionsdescribevhich valueyou have to setascharactewalue
to obtaintheaccordingcharacterE.g. if you set

line0 [0]= CHARNUM_DOWN_ARROW

andsendthestructto thedriver, youwill seeadown arrov onthedisplay The
down arraw is setasthesecondentryin thedisplaysinternalcharacteset(counted
from 0).

Thestruct  LCDctrl can be usedto display arbitrary strings (build from
the characterset of the display) on the display clearthe display or seta single
charactenat a given position. If you assumehatfd is the le descriptorfor the
device/dev/ Icd/lcd_2x20 , youcansendtext with the following command:

ioctt (fd , LCD_WRITE &l);

In this case,the driver takesthe two leds from the struct  LCDctrl and
displaysthem. The elds posx, posy , andch areignoredhere. If you wantto
write a singlecharacteryou have to provide the positionof the charactein posx
andposy , andprovide thecharactein ch. With thefollowing commandthechar
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andpositionarereadfrom struct  LCDctrl andthecharis placedto the given
position.The elds line0 andlinel areignoredhere:

ioctl (fd, LCD_WRITE_CHAR &l);
To clearthewholedisplay simply send:
ioctl (fd, LCD_CLEAR &l);

Thedriveris availableat[24].

A.6 KFIR driver

Thedriver for the KFIR cardcanbe obtainedfrom linuxtv.org*. It wasstill under
developmentwhile working with the KFIR card.

At the beginning of this advancedpracticalproject,the driver would only run
with kernel2.4.50r earlier Dueto change$n thevideode structurein thekernels
“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 the KFIR driver's CVS version
thatmadeit possibleto loadthe KFIR driver into the currentkernel(2.4.18at this
time). Thedriver canbe easilycompiledif the kernelsourcef the currentkernel
areinstalled.

There are still someannging points when loading the driver: The system
freezedor aboutlOsecondsvhenloadingthedriver, andfor anothe2 or 3seconds
whenclosingthe accordingvideo device (e.g. by pressingCTRL-C while doing
Acat /devivalivideoO > outflempg ). This grievanceis dueto somesleep ()
andusleep () commandsn thedriver code.Accordingto the driver developers,
thesesleepcommandsivoid a completesystemlock up on somesystemsFinding
thevaluesin thetargetsystemwhich areminimal to avoid “systemlockups”is left
opento thereader

Someproblemsoccurredalsowhenloadingthe DVB andthe KFIR driver to-
gether The Kr driver hasto be loaded rst, otherwisethe KFIR cardwill not
work correctly

Therearenoioctl () calls for passingoptionsto the card. Everythingis
speci ed by moduleoptionswhenloadingthe driver. The possibleoptionscanbe
foundin sectionD.4.

“http://linuxtv.org/mpeg2/
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Cir cuit diagrams and device lists

B.1 Infrar edrecever

Figure B.1 shaws the circuit diagramfor a minimum IR recever. Beneatha 9
pin SUB-D soclet boardfor the solderedioint the deviceslistedin table B.1 are
neededThislist wastaken- andtranslated from [2].

TableB.2 shavs thepin assignmenbf the serialinterface.

B.2 LCD

In gure B.2youcanseethecircuit diagramof the LCD display asit is connected
to the parallelport. All informationsaboutthe LCD circuit weretaken from [30].
Thereademaybe advisedto checkthe pin assignmentvhenusingothercircuits.
Theabore circuit is working, but thereare somefaulty circuitsto be foundin the
internet.

OurLCD displayis a standaraharactedisplaywith 2 lineswith 20 characters
eachdrivenby aKS0076Bchipfrom Samsundglectronics It canbeboughte.g.at

FigureB.1: Circuit diagramfor anIR recever, takenfrom [2]
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| Component | Speci cation \
Diode (D1) 1N4148
Resiston(R1) 4,7kOhm

IR recever module(IC1) TSOP1738&derSFH506-38
PotentialtransformeflIC2) | 78L05,100mA
Condense(C1) 10 F 16V

Condense(C2) 100nF

TableB.1: Device list for the IR recever, takenfrom [2].

Name | 25-Pin| 9-Pin | Explanation

RTS 4 7 RequesiTo Send(power supply)
GND 7 5 Ground

DCD 8 1 DataCarrierDetect(IR signal)

TableB.2: Pinassignmenof the serialinterface,takenfrom [2].

FigureB.2: Connectiortircuit for the LCD - parallelport, takenfrom [ 30]

| Component | Speci cation |
Potentiometer; 1000hm
Potentiometer 10kOhm

TableB.3: Device list for the LCD displayconnectiortircuit.
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VGA SCART
1 15R
2 116G
3 7B
6 13 R Gnd
7 9G Gnd
8 5B Gnd
5
11—
Connector 21 Connector
Shell Shell

14
-Vs

13
-HS

BC 548 B

20
-Cs

1k2

| — |

10
Gnd

17
Gnd

optional:

56,7, 59,13,
8,Shell 17,21

|+_ 16
15V
Gnd

FigureB.3: Circuit diagramfor the VGA-to-SCART Corverter takenfrom [34].

specific to our TV:

ReicheltElectronics Germary?, with the ordernumber‘LCD 202A. Thedevice
list for thedisplaycanbefoundin tableB.3.

B.3 VGA-to-SCART converter

FigureB.3 shaws the circuit diagramof the VGA-to-SCART Corverter Thisin-
formationwastaken from [34]. The device list for this corvertercanbefoundin
tableB.4.

Accordingto [34], for someTVs pin 16 of the scartconnectomustbe forced
highto beableto useRGB Scartinput. A voltageof 0.9to 3 V mustbeappliedto
this pin. That's why a standardatterywith avoltageof 1.5V is connected.

http:/fwww.reichelt.de/
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CIRCUIT DIAGRAMSAND DEVICE LISTS

| Component| Speci cation |
Resistor 3.3kOhm
Resistor 1.2kOhm
Resistor 8200hm
Resistor 680hm

Transistor | BC548B

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

Below arethepin assignmentfor the SCART andV GA plug,takenfrom [33].

SCART
2 1
0864208642
oo +
LS O O A O
O A B B A
S +
2 1

19753197531

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 O
2 G 7 Gret 12 MID 1
3 B 8 B ret 13 HSYNC
4 MID 2 9 key 14 VSYNC
5 GND 10 SYNCret 15 reserved
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SourceCode

As thereis not enoughroom to list all sourcesof the Multimedia-Box software,
only thenamesf thesourceles arelistedhere.Thesourceles areall contained
in theNMM * softwaredistribution.

AC3AudioDecodeNodéseesectiond.2.4

— nmm/plugins/audio/aci&dAC3DecaeNodecpp
— nmm/plugins/audio/aci@dAC3DecaeNodehpp

CDDANode (seesection4.1.])

— nmm/plugins/audio/cddCDDANode.cp
— nmm/plugins/audio/cddCDDANode.hp

nmm/plugins/audio/cadTableOfConents.cyp

nmm/plugins/audio/cddTablelfContents hpp

nmm/plugins/audio/cadCDDBSerer.cpp

nmm/plugins/audio/cadCDDBSererhpp
DVBReadNoddseesection4.1.3

— nmm/plugins/video/tvib/DVBReadNoe.cp
— nmm/plugins/video/tvib/DVBReadNoe.hp
— nmm/plugins/video/tvib/vdr/channel.canf

— nmm/plugins/video/tvicb/vdr/dvbag.cpp

— nmm/plugins/video/tvib/vdr/dvbag.h

— nmm/plugins/video/tvib/vdr/recading.cpp
— nmm/plugins/video/tvib/vdr/recading.h

http:/www.networkmultimedia.org/NMM/Dow nload/
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— nmm/plugins/video/tdvb/ivdriremux.cpp

— nmm/plugins/video/tdvbidr/remux.h

— nmm/plugins/video/tdvb/ivdr/ringhuffer.cpp
— nmm/plugins/video/tdvb/ivdr/ringkuffer.h
— nmm/plugins/video/#dvb/ivdr/seup.corf

— nmm/plugins/video/tdvb/ivdr/thread.cpp

— nmm/plugins/video/#dvb/vdr/thread.h

— nmm/plugins/video/#dvb/ivdr/tools.cpp

— nmm/plugins/video/tdvb/vdr/tools.h

— nmm/plugins/video/tdvbivdr/ivdrcon g.cpp
— nmm/plugins/video/tdvbivdr/ivdrcon g.h

— nmm/plugins/video/tdvbivdr/videodir.cpp
— nmm/plugins/video/tdvb/vdr/videodir.h

DVDReadNoddseesection4.1.2

— nmm/plugins/ le/DVD/DVDReadNode.cpp
— nmm/plugins/ le/DVD/DVDReadNode.hpp

MP3ReadNodéseesection4.1.5

— nmm/plugins/ le/mpg/MP3ReadNodepp
— nmm/plugins/ le/mpg/MP3ReadNodapp

MPEGAudioDecodeNodéseesection4.2.3

— nmm/plugins/audio/mgeedMPEGAudioDecdeNoc.cp
— nmm/plugins/audio/mgeledMPEGAudioDecdeNod.hp

MPEGDemuxNodésection4.3.7)

— nmm/plugins/@/mpey/MPEGDemuxNode.cpp
— nmm/plugins/@/mpey/MPEGDemuxNode.hp

MPEGTimeshiftingNodgseesection4.3.2

nmm/plugins/ le/timeshifthng/ MPEGTimeShiftingNoe.cpp
nmm/plugins/ le/timeshifihg/ MPEGTimeShiftingNoe.hgp
nmm/plugins/ le/timeshiftig/ leb uffer.cpp

nmm/plugins/ le/timeshiftng/ leb uffer.hpp
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MPEGMdeoDecodeNodéseesection4.4.])

nmm/plugins/video/mpglec/MPEGMdeoDecaleNodk.cp
nmm/plugins/video/mpglec/MPEGMdeoDecaeNod.hp

XDisplayNode(seesection4.4.2

nmm/plugins/video/didpy/X/XDisplayNodecpp
nmm/plugins/video/disay/X/XDisplayNodehpp
nmm/plugins/video/didpy/X/XImg.cpp
nmm/plugins/video/diday/X/XImg.hpp
nmm/plugins/video/diday/X/XShmimg.cp
nmm/plugins/video/dispy/X/XShmimg.hp
nmm/plugins/video/diday/X/XVirtualmg.hpp
nmm/plugins/video/didpy/X/XvShmIimg.@p
nmm/plugins/video/disay/X/XvShmimg.hpp

MatroxDisplayNod€seesection4.4.2

nmm/plugins/video/didpy/matrox/MatroxDisplayNode.@p
nmm/plugins/video/didpy/matrox/MatroxdisplayNode.hp

Examples

examples/ac3/ac3playp
examples/cdda/cddaplapp
examples/cdda/grab2mgpp
examples/demux/demux.cpp
examples/dvb_ts/write le.cpp
examples/dvb_ts/dvtespp
examples/dvb_ts/timedting.cpp
examples/dvd/dvd2 le.cpp
examples/dvd/dvdtespp
examples/mp3dec/mp3plapp

MMBox-Application (seechapterb)

apps/mmbox/mmbox.cpp
apps/mmbox/menu/appliben.cp
apps/mmbox/menu/appliben.hp
apps/mmbox/menu/automeopp
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apps/mmbox/menu/automehpp

apps/mmbox/menu/ListBox.cpp

apps/mmbox/menu/ListBox.hpp

apps/mmbox/menu/XMLMenwPsercpp

apps/mmbox/menu/XMLMenaPsemhpp
DVB-TV state(seesection5.5.3

— apps/mmbox/states/otv/dvb.cpp
— apps/mmbox/states/ostv/dvb.hpp

DVD-Playerstate(seesection5.5.2)

— apps/mmbox/states/didvd.cpp
— apps/mmbox/states/didvd.hpp

CD-Playerstate(seesection5.5.4)

— apps/mmbox/statesiod.cpp
— apps/mmbox/statesicd. hpp

CD-Grabberstate(seesection5.5.5

— apps/mmbox/states/dygrab.cpp
— apps/mmbox/states/dygrab.hpp

MP3-Playerstate(seesection5.5.6

— apps/mmbox/states/mp3p3.cip
— apps/mmbox/states/mp3p3.hp
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Con guration les

D.1 Multimedia-Box con guration le

The Multimedia-Boxcon guration le containsall your personakettingsregard-
ing the Multimedia-Boxapplication.It canresidein the homedirectoryas“.mm-
boxrc”, or it canbe passedo the applicationasa commandine 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 youwalk throughstepby step,you canseethatthe applicationis instructed
to usea CDDB sener, andusefreedbfreedborg for this case.Thenext thing setis
themp3rootpathwhichis therootdirectoryfor all you MP3 les. Theapplication
is not startedin fullscreenin this con guration. The resourcepath determines
wherethe neededesources suchaspicturesor labels- canbefound. This leaves
you the possibility to write your own skins. The con g le directive determines
the pathto a con guration le (seesection5.4), wherethe menustructureand
keyboardassignmenis stored. The applicationis told notto useLIRC, andtake
thespeci edimageasbackgroundmagefor the mainmenu.

83



CONFIGURATION FILES

D.2 LIRC con guration le

The stepsto correctly con gure the lirc packageare explainedat [11]. Here,a
small snippetfrom the “lircrc” le neededor the Multimedia-Boxapplicationis
shavn to explainthe connectiorbetweerlirc 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 andendkeywords claspthe descriptionfor onekey on the remote
control. With eachsection,onekey from oneremotecontrolis mappedo astring.

The namebehindthe “remote” statements the nameyou gave your remote
control whenyou con gured LIRC. As LIRC canhandlemore than oneremote
control, this nameis neededo determinewhich remotecontrol the signalcame
from. The “button” statementsleterminesvhich button you wantto map. The
“prog” statements neededasthe nameof theapplication.This stringis passedo
the LIRC library with the call of thelirc_init method.The “repeat” statement
is abooleanag (0 or 1). If setto 1, the eventfrom the IR controlis passedo
the applicationmultiple times,aslong asthe usersholdsdown the key onthe IR
control. If setto 0, the eventis only passednce. The “con g” statementells
theLIRC library which stringto deliver backto the application,soyou coulddo a
switch/cas¢hereto nally decidewhichactionto executeif acertainkey is pressed
onthelR control.

D.3 Kr card make le

Below you seethe Make le for extractingthe microcodefrom the DLL of the
WindowsTMdriver. The microcodds neededor operatingheKFIR cardproperly
andmustbeloadednto thecard.As therewasno microcodesuppliedindividually,
but only insidethe WindowsTMdriver, someclever peoplefound a way to extract
themicrocodeout of this driver. TheMake le wastakenfrom linuxtv.org!:

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

http:/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_plIx_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)/t.v vtv > kfir_micro.h
-./cmicro $(MICRO)/vt.v_8 vtv8 >> kfir_micro.h
-.Icmicro $(MICRO)/vt.v1 vtvl >> kfir_micro.h
-./cmicro $(MICRO)/vt.vl_8 vtvl8  >> kfir_micro.h
-.Icmicro $(MICRO)/vt.v2 vtv2 >> kfir_micro.h
-./cmicro $(MICRO)/vt.v2_8 vtv28  >> kfir_micro.h
clean:
rm -f altera_keb_plIx_5e.rbf MPEG1_6.HLD kfir_micro.h

D.4 Kr moduleoptions

Thereareseveralmoduleoptionsthatcanbe passedo the driver while loadingit.
You candeterminethe video norm, video outputmode, picture size, type of the
resultingMPEG streamandsoon (takenfrom [22]):

loaded If thisoptionis setto “1”, it indicateghatthealterais alreadyloadedwith
microcode.The driver thendoesnottry to loadit again,asreloadingtakes
time andcanlock your machine.

vidinmode Thevideonormof theanaloginput. Possiblevalues:

vidinmode=0for PAL (default)
vidinmode=1for NTSC
vidinmode=2for SECAM

vidoutmode Thevideonormof thedigital output.Possiblevalues:

vidoutmode=For NTSC
vidoutmode=ZXor PAL (default)

vidsize Theimagesizeof thedigital output. Thevalueis computedy theformula
(cf. Kr .h):

vidsize = (vertical_mode 4)j horizontal_mode
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E.g.to getaresolutionof 352x288pixels,searchthe le Kr .hfor thevalues
KFIR_H_352(=2) andKFIR_V_288(=1) andcalculate:

vidsize= (KFIR_V 288 4)j KFIR_H_352
@a 44j2
0x12

0x12is CIF (quarterof PAL), 0x26is PAL, thedefaultis fullsize.
vidrate Thevideobitrate(e.g.4500000for 4.5 MBIt/s).

vidinput Theinputplugto use.Possiblevalues:

vidinput=0for compositgdefault)
vidinput=1for S-VideoY/C

mpeglmodelf setto “1”, the outputstreamis anMPEG1stream.

streamtype Thetype of the outputMPEG stream.Possiblevalues:

streamtype=@or AUDIO_ES
streamtype=for VIDEO_ES
streamtype=2or A_V_ES
streamtype=3or PROGRAM (default)
streamtype=4or TRANSPOR
streamtype=%or PACKET_VES
streamtype=6or PACKET_AES
streamtype=Tor KFIR_SYSTEM

sndfreq Thesamplerateof theaudiostreamin the output. Possiblevalues:

sndfreq=0for 5.5125kHz
sndfreq=1for 8.0000kHz
sndfreq=Zor 11.025kHz
sndfreq=For 16.000kHz
sndfreq=4for 22.050kHz
sndfreq=5or 32.000kHz
sndfreq=6&or 44.100kHz
sndfreq=7for 48.000kHz(default)
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D.5 DVB LNB con guration

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

LnbSLOF Theswitchingfrequeng (in MHz) betweerlow andhigh LOF
LnbFrequLo TheLNB'slow local oscillatorfrequeng
LnbFr equHi TheLNB's highlocal oscillatorfrequeng

Curr entChannel Thechannekthatwill betunedon next start

D.6 DVB channelcon guration

Channel-con guratioris doneviathe le channel.conflt is alreadycon guredfor
ASTRA (themostpopularsatellitein germary). Eachline representsnechannel,
whichis speci ed by the following parametersseperatedby a colon(*:"):

1. station-name
Name,whichis displayedby theapplication.

2. transpondefrequeng

3. polarisation:
Horizontal(“h") or vertical (“v").
4. DISEQC-id

If usingmultiple satellitedishesthisid selectghe dishto usefor this chan-
nel.

5. symbolrate
6. video-pid

Programid of thevideostreamto use.
7. audio-pid:

Programid of theaudiostreamto use.

8. teletet-pid
Programid of theteletext to use.

9. conditional-access
Id of the DVB card,thatis ableto decodehechannel.
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10. pnr
This parameteis not used.

Hereis anexample:

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