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Thefirst chapterof the book givesyou anoverview of GStreamedesigngoals.Chapter
2 rapidly coversthe basicsof GStreameprogrammingln chapter3 we will move on

to theexamples SinceGStreameadheredo the GTK+ programmingnodel,the
readeris assumedo understandhe basicsof GTK+. For agentleintroductionto
GTK+, youmaywishto readthe GTK+ Tutorial or Eric Harlon’s book Developing
Linux Applications with GTK+ and GDK.



Chapter 1. Introduction

This chaptergivesyou anoverview of thetechnologieslescribedn this book.

1.1. What is GStreamer?

GStreamers aframework for creatingstreamingnediaapplicationsThe fundamental
designcomesfrom thevideo pipelineat Oregon Graduatdnstitute,aswell assome
ideasfrom DirectShav.

GStreames developmentramevork makesit possibleto write any streaming
multimediaapplication.Theframework includesseveralcomponentso build afull
featuredmediaplayercapableof playingMPEG1,MPEG2,AVI, MP3, WAV, AU, ...

GStreamerhowever, is muchmorethanjust anothemediaplayer Its mainadwantages
arethatthe pluggablecomponentslsomake it possibleto write afull flegdedvideoor
audioeditingapplication.

Theframeawork is basedon plug-insthatwill provide thevariouscodecandother
functionality Thepluginscanbe connectecgndarrangedn a pipeline.This pipeline
definegheflow of thedata.Pipelinescanalsobe editedwith a GUI editorandsavedas
XML sothatpipelinelibrariescanbe madewith a minimumof effort.

This bookis aboutGStreamefrom a developers point of view; it describesow to
write a GStreamenpplicationusingthe GStreamelibrariesandtools.



Chapter 2. Motiv ation

Linux hashistoricallylaggedbehindotheroperatingsystemsn the multimediaarena.
Microsoft's Windows[tm] andApple’s MacOS[tm]bothhave strongsupportfor
multimediadevices,multimediacontentcreation playback.andrealtimeprocessing.
Linux, onthe otherhand,hasa poorly integratedcollectionof multimediautilities and
applicationsavailable,which canhardly competewith the professionalevel of
softwareavailablefor MS Windows andMacOS.

2.1. Current problems

We descibehetypical problemsn todaysmediahandlingon Linux.

2.1.1. Multitude of duplicate code

TheLinux userwho wishesto heara soundfile musthuntthroughtheir collectionof
soundfile playersin orderto play thetensof soundfile formatsin wide usetoday Most
of theseplayersbasicallyreimplementhe samecodeover andover again.

TheLinux developerwho wishesto embedavideoclip in their applicationmustuse
crudehacksto run anexternalvideoplayer Thereis nolibrary availablethata
developercanuseto createa custommediaplayer

2.1.2.’0One goal’ media players

Your typical MPEG playerwasdesignedo play MPEG videoandaudio.Most of these
playershave implementeca completeinfrastructureocusedon achieving their only
goal:playback.No provisionsweremadeto addfilters or specialeffectsto the videoor
audiodata.

If I wantedto convertanMPEG2videostreaminto anAVI file, my bestoptionwould
beto take all of the MPEG2decodingalgorithmsout of the playerandduplicatethem



Chapter 2. Motivation

into my own AVI encoderThesealgorithmscannoteasilybe sharedaccross
applications.

2.1.3. Non unified plugin mechanisms

Your typical mediaplayermight have a plugin for differentmediatypes.Two media
playerswill typically implementtheir own plugin mechanisnsothatthe codecsannot
be easilyexchanged.

Thelack of aunified plugin mechanisnalsoseriouslyhindersthe creationof binary
only codecsNo compaty is willing to porttheir codeto all thedifferentplugin
mechanisms.

While GStreameanlsousest own plugin systemit offersaveryrich framework for the
plugin.

2.1.4. Provision for network transparenc y

No infrastructures presento allow network transparenmediahandling.A distributed
MPEGencodemill typically duplicatethe sameencodeialgorithmsfoundin a
non-distritutedencoder

No provisionshave beenmadefor emepgingtechnologiesuchasthe GNOME object
embeddingusingBONOBO.

2.1.5. Catch up with the Windo ws(tm) world

We needsolid mediahandlingif we wantto seeLinux succeean thedesktop.

We mustcleartheroadfor commerciallybacked codecsandmultimediaapplications
sothatLinux canbecomeanoptionfor doing multimedia.



Chapter 3. Goals

GStreamewasdesignedo provide a solutionto the currentLinux mediaproblems.

3.1. The design goals

We descibevhatwe try to achieze with GStreamer

3.1.1. Clean and powerfull

GStreamewantsto provide a cleaninterfaceto:

Theapplicationprogrammervho wantsto build a mediapipeline. The programmer
canuseanextensie setof powerfull toolsto createmediapipelineswithout writing
asingleline of code.Performingcomplex mediamanipulationdecomewery easy

Theplugin programmerPluginprogrammersreprovideda cleanandsimpleAPI to
createself containedplugins.An extensve dehuggingandtracingmechanisnhas
beenintegrated.GStreamerlsocomeswith anextensve setof real-life pluginsthat
sene asanexampletoo.

3.1.2. Object oriented

Adhereasmuchaspossibleto the GTK+ objectmodel.A programmefamiliar with
GTK+ will beconfortablewith GStreamer

GStreameusesthe mechanisnof signalsandobjectarguments.

All objectscanbequeriedat runtimefor their variouspropertiesandcapabilities.
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3.1.3. Extensib le

All GStreamebjectscanbe extendedusingthe GTK+ inheritancemethods.

All pluginsareloadeddynamicallyandcanbe extendedandupgradedndependently

3.1.4. Allow binary only plugins

pluginsaresharedibrariesthatareloadedat runtime.sinceall the propertieof the
plugin canbe setusingthe GtkObjectargumentsthereis no needto have ary header
filesinstalledfor the plugins.

Specialcarehasbeentakinginto makingthe plugin completelyself containedThis is
in the operationsspecificatiorof the capabilitiesof the plugin andproperties.

3.1.5. High performance

High performances obtainedby:

Usingglib g_mem_chunkvherepossibleto minimize dynamicmemoryallocation.

Connectiondetweerpluginsareextremelylight-weight. Datacantravel the pipeline
with minimal overhead.

Provide amechanismo directly work onthetargetmemory A plugin canfor
exampledirectly write to the X senerssharednem.Bufferscanalsopointto
arbitrarymemorylik e kernelmemory
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Refcountingandcopy onwrite to minimize theamountof memcpy. Sublufersto
efficiently split thedatain a buffer.

Pipelinescanbe constructedisingcothread¢o minimizethethreadingoverhead.
Cothreadsrea simpleuserspacemethodfor switchingbetweersubtasks.

HW accelerations possibleby writing a specializeglugin.

Usesa plugin registry with the specification®f the pluginssothatthe pluginloading
canbedelayeduntil thepluginis actuallyused.

11
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We will first describehe basicsof the GStreameprogrammingoy introducingthe
differentobjectsneededo createa mediapipeline.

We will useavisualrepresentationf theseobjectssothatwe canvisualizethe more
comple pipelinesyou will learnto build lateron.

12



Chapter 4. GstElement

Themostimportantobjectin GStreamefor theapplicationprogrammeis the
GstElemenbbiject.

4.1. What is a GstElement

The GstElements the basicbuilding block for the mediapipeline.All thedifferent
componentyou aregoingto usearederivedfrom this GstElementThis meanghata
lot of functionsyou aregoingto useoperateon this object.

Youwill seethatthoseelement$have pads.Thesearethe elementonnectionsvith
the’outside’ world. Dependingon the numberanddirectionof the padswe cansee
threetypesof elementssourcefilter andsink element.

Thesethreetypesareall the sameGstElementbject,they just differ in how the pads
are.

4.1.1. GStreamer sour ce elements

This elementwill generatelatathatwill beusedby the pipeline.lt is typically afile or
anaudiosource.

Below you seehow we will visualizethe elementWe alwaysdraw a srcpadto the
right of theelement.

Figure 4-1.Visualisation of a sourceelement

13
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Sourceelementglo not acceptdata,they only generatalata.You canseethisin the
figurebecausét only hasasrcpad.A srcpadcanonly generatéouffers.

4.1.2. GStreamer filter elements

Filter elementdothhave aninputandanoutputpad.They operateon datathey receve
in thesink padandsendtheresultto thesrcpad.

Examplesof afilter elementmightinclude:anMPEG decodervolumefilter, ...

Filtersmayalsocontainany numberof input padsandoutputpads.For example,a
videomixer might have to input pads(theimagesof the two differentvideo streams)
andoneoutputpad.

Figure 4-2.Visualisation of a filter element

Theabove figure shovs thevisualisationof afilter elementThis elementhasonesink
pad(input) andonesrc (output)pad.Sink padsaredranvn on theleft of theelement.

Figure 4-3.Visualisation of a filter elementwith more than one output pad
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Theabove figure showvs the visualisationof afilter elementwith morethanoneoutput
pad.An exampleof suchafilter is the AVI splitter. This elementwill parsetheinput
dataandextractsthe audioandvideodata.Most of thesefilters dynamicallysendout a
signalwhena new padis createdsothatthe applicationprogrammercanconnecian
arbitraryelemento the newly createdbad.

4.1.3. GStreamer sink elements

This elementacceptslatabut will notgenerateary new data.A sink elements
typically afile ondisk,asoundcardadisplay... It is presentedsbelow:

Figure 4-4.Visualisation of a sink element

4.2. Creating a GstElement

GstElementarecreatedrom factories.To createanelementonehasto getaccesshe
aGst El ement Fact or y usingauniquefactoryname.

Thefollowing codeexampleis usedto getafactorythatcanbeusedto createthe
mpgl23elementanmp3decoder

Gst El enent Factory *factory;

factory = gst_elementfactory _find ("npgl23");

15
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Onceyou have the handleto the elementhctory you cancreatea realelementwith the
following codefragment:

Gst El enent *el enent ;

el enent = gst_elenentfactory create (factory, "decoder");

gst_elementctory creaté) will usethe elementictoryto createanelementwith the
givenname.The nameof the elementis somethingyou canuselateronto lookupthe
elementn abin, for example.

A simpleshortcutexistsfor creatinganelementfrom afactory Thefollowing example
createaanelementpamed'decoder'from the elementhactorynamed'mpg123".This
convenientfunctionis mostwidly usedto createanelement.

Gst El enent *el enent ;

el enment = gst_el enentfactory_make ("npgl23", "decoder");

An elementtanbedestrgedwith:

Gst El enent *el enent;

gst_el ement _destroy (el ement);



Chapter 5. What are Plugins

A pluginis asharedibrary thatcontainsat leastoneof thefollowing items:

oneor moreelementctories

oneor moretypedefinitions
Thepluginshave onesimplemethod:plugin_init () whereall the elementlctoriesare
createdandthetypedefinitionsareregistered.

the pluginsaremaintainedn the plugin system.Optionally, the typedefinitionsandthe
elementlctoriescanbe savedinto an XML representatiosothatthe plugin system
doesnothave to loadall availablepluginsin orderto know their definition.

Thebasicplugin structurehasthefollowing fields:

struct _GstPlugin {

gchar *nane; /* name of the plugin */

gchar *1 ongnane; /* long nanme of plugin */

gchar *fil enane; [* filenane it came from */

GLi st *types; /* list of types provided */

gi nt numt ypes;

GLi st *el enents; /* list of elenments provided */

gi nt nunel enent s;

gbool ean | oaded,; [* if the pluginis in menory */

You canquerya GList of availablepluginswith:

GLi st *pl ugi ns;

17
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plugins = gst_plugin_get list ();

while (plugins) {
GstPlugin *plugin = (GstPlugin *)plugins-data;

g_print ("plugin: %\n", gst_plugin_get_nanme (plugin));

plugins = g _list_next (plugins);
}

18
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As we have seenin the previous chapter(GstElement)the padsarethe elements
connectionsvith the outsideworld.

The specifictype of mediathatthe elementtanhandlewill be exposedoby the pads.

Thedescriptionof this mediatypeis donewith capabilitiegGst Caps)

6.1. Getting pads from an element
Onceyou have createdanelementyou cangetoneof its padswith:
Gst Pad *srcpad;

srcpad = gst_el enent_get _pad (el enent, "src");

Thisfunctionwill getthepadnamed'src” from thegivenelement.

Alternatively, you canalsorequest GList of padsfrom the element.Thefollowing
codeexamplewill printthe namesof all thepadsof anelement.

GLi st *pads;
pads = gst_el ement _get _pad_list (elenent);
whil e (pads) {

Gst Pad *pad = GST_PAD (pads-data);

g_print ("pad nane %\ n", gst_pad_get nane (pad));

pads = g _list_next (pads);
}

19
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6.1.1.
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