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Thefirst chapterof thebookgivesyouanoverview of GStreamerdesigngoals.Chapter
2 rapidlycoversthebasicsof GStreamerprogramming.In chapter3 wewill moveon
to theexamples.SinceGStreameradheresto theGTK+ programmingmodel,the
readeris assumedto understandthebasicsof GTK+. For agentleintroductionto
GTK+, youmaywish to readtheGTK+ Tutorial or Eric Harlow’sbookDeveloping
Linux Applications with GTK+ and GDK.



Chapter 1. Intr oduction
Thischaptergivesyouanoverview of thetechnologiesdescribedin this book.

1.1. What is GStreamer?
GStreameris a framework for creatingstreamingmediaapplications.Thefundamental
designcomesfrom thevideopipelineat OregonGraduateInstitute,aswell assome
ideasfrom DirectShow.

GStreamer’s developmentframework makesit possibleto write any streaming
multimediaapplication.Theframework includesseveralcomponentsto build a full
featuredmediaplayercapableof playingMPEG1,MPEG2,AVI, MP3,WAV, AU, ...

GStreamer, however, is muchmorethanjust anothermediaplayer. Its mainadvantages
arethatthepluggablecomponentsalsomake it possibleto write a full flegdedvideoor
audioeditingapplication.

Theframework is basedonplug-insthatwill provide thevariouscodecandother
functionality. Thepluginscanbeconnectedandarrangedin a pipeline.Thispipeline
definestheflow of thedata.Pipelinescanalsobeeditedwith aGUI editorandsavedas
XML sothatpipelinelibrariescanbemadewith aminimumof effort.

Thisbookis aboutGStreamerfrom adeveloper’spoint of view; it describeshow to
write aGStreamerapplicationusingtheGStreamerlibrariesandtools.
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Chapter 2. Motiv ation
Linux hashistoricallylaggedbehindotheroperatingsystemsin themultimediaarena.
Microsoft’sWindows[tm] andApple’sMacOS[tm]bothhavestrongsupportfor
multimediadevices,multimediacontentcreation,playback,andrealtimeprocessing.
Linux, on theotherhand,hasapoorly integratedcollectionof multimediautilities and
applicationsavailable,whichcanhardlycompetewith theprofessionallevel of
softwareavailablefor MS WindowsandMacOS.

2.1. Current problems
Wedescibethetypicalproblemsin todaysmediahandlingon Linux.

2.1.1. Multitude of duplicate code
TheLinux userwhowishesto hearasoundfile musthuntthroughtheir collectionof
soundfile playersin orderto play thetensof soundfile formatsin wideusetoday. Most
of theseplayersbasicallyreimplementthesamecodeoverandoveragain.

TheLinux developerwhowishesto embedavideoclip in their applicationmustuse
crudehacksto runanexternalvideoplayer. Thereis no library availablethata
developercanuseto createacustommediaplayer.

2.1.2. ’One goal’ media players
Your typicalMPEGplayerwasdesignedto playMPEGvideoandaudio.Most of these
playershave implementedacompleteinfrastructurefocusedon achieving their only
goal:playback.No provisionsweremadeto addfilters or specialeffectsto thevideoor
audiodata.

If I wantedto convertanMPEG2videostreaminto anAVI file, my bestoptionwould
beto takeall of theMPEG2decodingalgorithmsout of theplayerandduplicatethem
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Chapter 2. Motivation

into my own AVI encoder. Thesealgorithmscannoteasilybesharedaccross
applications.

2.1.3. Non unified plugin mechanisms
Your typicalmediaplayermight haveaplugin for differentmediatypes.Two media
playerswill typically implementtheirown plugin mechanismsothatthecodecscannot
beeasilyexchanged.

Thelackof aunifiedpluginmechanismalsoseriouslyhindersthecreationof binary
only codecs.No company is willing to port their codeto all thedifferentplugin
mechanisms.

While GStreameralsousesit own plugin systemit offersavery rich framework for the
plugin.

2.1.4. Provision for netw ork transparenc y
No infrastructureis presentto allow network transparentmediahandling.A distributed
MPEGencoderwill typically duplicatethesameencoderalgorithmsfoundin a
non-distributedencoder.

No provisionshavebeenmadefor emerging technologiessuchastheGNOMEobject
embeddingusingBONOBO.

2.1.5. Catch up with the Windo ws(tm) world
Weneedsolid mediahandlingif wewantto seeLinux succeedon thedesktop.

Wemustcleartheroadfor commerciallybackedcodecsandmultimediaapplications
sothatLinux canbecomeanoptionfor doingmultimedia.

8



Chapter 3. Goals
GStreamerwasdesignedto provideasolutionto thecurrentLinux mediaproblems.

3.1. The design goals
Wedescibewhatwe try to achievewith GStreamer.

3.1.1. Clean and powerfull
GStreamerwantsto provideacleaninterfaceto:

•

Theapplicationprogrammerwhowantsto build amediapipeline.Theprogrammer
canuseanextensivesetof powerfull toolsto createmediapipelineswithoutwriting
asingleline of code.Performingcomplex mediamanipulationsbecomesveryeasy.

•

Thepluginprogrammer. PluginprogrammersareprovidedacleanandsimpleAPI to
createself containedplugins.An extensivedebuggingandtracingmechanismhas
beenintegrated.GStreameralsocomeswith anextensivesetof real-lifepluginsthat
serveasanexampletoo.

3.1.2. Object oriented
Adhereasmuchaspossibleto theGTK+ objectmodel.A programmerfamiliar with
GTK+ will beconfortablewith GStreamer.

GStreamerusesthemechanismof signalsandobjectarguments.

All objectscanbequeriedat runtimefor their variouspropertiesandcapabilities.
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3.1.3. Extensib le
All GStreamerObjectscanbeextendedusingtheGTK+ inheritancemethods.

All pluginsareloadeddynamicallyandcanbeextendedandupgradedindependently.

3.1.4. Allo w binar y onl y plugins
pluginsaresharedlibrariesthatareloadedat runtime.sinceall thepropertiesof the
plugin canbesetusingtheGtkObjectarguments,thereis no needto haveany header
files installedfor theplugins.

Specialcarehasbeentakinginto makingtheplugin completelyself contained.This is
in theoperations,specificationof thecapabilitiesof theplugin andproperties.

3.1.5. High perf ormance
High performanceis obtainedby:

•

Usingglib g_mem_chunkwherepossibleto minimizedynamicmemoryallocation.

•

Connectionsbetweenpluginsareextremelylight-weight.Datacantravel thepipeline
with minimaloverhead.

•

Provideamechanismto directly work on thetargetmemory. A plugincanfor
exampledirectlywrite to theX serverssharedmem.Bufferscanalsopoint to
arbitrarymemorylikekernelmemory.

•
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Chapter 3. Goals

Refcountingandcopy onwrite to minimizetheamountof memcpy. Subbufersto
efficiently split thedatain abuffer.

•

Pipelinescanbeconstructedusingcothreadsto minimizethethreadingoverhead.
Cothreadsareasimpleuser-spacemethodfor switchingbetweensubtasks.

•

HW accelerationis possibleby writing aspecializedplugin.

•

Usesaplugin registrywith thespecificationsof thepluginssothattheplugin loading
canbedelayeduntil theplugin is actuallyused.
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Wewill first describethebasicsof theGStreamerprogrammingby introducingthe
differentobjectsneededto createamediapipeline.

Wewill useavisualrepresentationof theseobjectssothatwecanvisualizethemore
complex pipelinesyou will learnto build lateron.

12



Chapter 4. GstElement
Themostimportantobjectin GStreamerfor theapplicationprogrammeris the
GstElementobject.

4.1. What is a GstElement
TheGstElementis thebasicbuilding block for themediapipeline.All thedifferent
componentsyouaregoingto usearederivedfrom this GstElement.This meansthata
lot of functionsyouaregoingto useoperateon this object.

You will seethatthoseelementshavepads.Thesearetheelementsconnectionswith
the’outside’world. Dependingon thenumberanddirectionof thepads,wecansee
threetypesof elements:source,filter andsinkelement.

Thesethreetypesareall thesameGstElementobject,they just differ in how thepads
are.

4.1.1. GStreamer sour ce elements
Thiselementwill generatedatathatwill beusedby thepipeline.It is typically afile or
anaudiosource.

Below youseehow wewill visualizetheelement.Wealwaysdraw asrcpadto the
right of theelement.

Figure 4-1.Visualisation of a sourceelement
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Chapter 4. GstElement

Sourceelementsdonot acceptdata,they only generatedata.Youcanseethis in the
figurebecauseit only hasasrcpad.A srcpadcanonly generatebuffers.

4.1.2. GStreamer filter elements
Filter elementsbothhaveaninputandanoutputpad.They operateondatathey receive
in thesinkpadandsendtheresultto thesrcpad.

Examplesof afilter elementmight include:anMPEGdecoder, volumefilter,...

Filtersmayalsocontainany numberof input padsandoutputpads.For example,a
videomixermight have to inputpads(theimagesof thetwo differentvideostreams)
andoneoutputpad.

Figure 4-2.Visualisation of a filter element

Theabovefigureshows thevisualisationof afilter element.Thiselementhasonesink
pad(input)andonesrc(output)pad.Sink padsaredrawn on theleft of theelement.

Figure 4-3.Visualisation of a filter elementwith more than oneoutput pad
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Chapter 4. GstElement

Theabovefigureshows thevisualisationof afilter elementwith morethanoneoutput
pad.An exampleof suchafilter is theAVI splitter. Thiselementwill parsetheinput
dataandextractstheaudioandvideodata.Most of thesefilters dynamicallysendouta
signalwhenanew padis createdsothattheapplicationprogrammercanconnectan
arbitraryelementto thenewly createdpad.

4.1.3. GStreamer sink elements
Thiselementacceptsdatabut will notgenerateany new data.A sinkelementis
typically afile on disk,asoundcard,adisplay,... It is presentedasbelow:

Figure 4-4.Visualisation of a sink element

4.2. Creating a GstElement
GstElementsarecreatedfrom factories.To createanelement,onehasto getaccessthe
aGstElementFactory usingauniquefactoryname.

Thefollowing codeexampleis usedto geta factorythatcanbeusedto createthe
mpg123element,anmp3decoder.

GstElementFactory *factory;

factory = gst_elementfactory_find ("mpg123");

15
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Onceyou have thehandleto theelementfactory, you cancreatea realelementwith the
following codefragment:

GstElement *element;

element = gst_elementfactory_create (factory, "decoder");

gst_elementfactory_create() will usetheelementfactoryto createanelementwith the
givenname.Thenameof theelementis somethingyoucanuselateron to lookupthe
elementin abin, for example.

A simpleshortcutexistsfor creatinganelementfrom a factory. Thefollowing example
createsanelement,named"decoder"from theelementfactorynamed"mpg123".This
convenientfunctionis mostwidly usedto createanelement.

GstElement *element;

element = gst_elementfactory_make ("mpg123", "decoder");

An elementcanbedestroyedwith:

GstElement *element;

...
gst_element_destroy (element);
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Chapter 5. What are Plugins
A plugin is asharedlibrary thatcontainsat leastoneof thefollowing items:

•

oneor moreelementfactories

•

oneor moretypedefinitions

Thepluginshaveonesimplemethod:plugin_init () whereall theelementfactoriesare
createdandthetypedefinitionsareregistered.

thepluginsaremaintainedin theplugin system.Optionally, thetypedefinitionsandthe
elementfactoriescanbesavedinto anXML representationsothatthepluginsystem
doesnothave to loadall availablepluginsin orderto know their definition.

Thebasicpluginstructurehasthefollowing fields:

struct _GstPlugin {
gchar *name; /* name of the plugin */
gchar *longname; /* long name of plugin */
gchar *filename; /* filename it came from */

GList *types; /* list of types provided */
gint numtypes;
GList *elements; /* list of elements provided */
gint numelements;

gboolean loaded; /* if the plugin is in memory */
};

You canqueryaGList of availablepluginswith:

GList *plugins;
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Chapter 5. What are Plugins

plugins = gst_plugin_get_list ();

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

g_print ("plugin: %s\n", gst_plugin_get_name (plugin));

plugins = g_list_next (plugins);
}
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Chapter 6. GstPad
As wehaveseenin thepreviouschapter(GstElement),thepadsaretheelements
connectionswith theoutsideworld.

Thespecifictypeof mediathattheelementcanhandlewill beexposedby thepads.
Thedescriptionof thismediatypeis donewith capabilities(GstCaps)

6.1. Getting pads from an element
Onceyou havecreatedanelement,youcangetoneof its padswith:

GstPad *srcpad;
...

srcpad = gst_element_get_pad (element, "src");
...

This functionwill getthepadnamed"src" from thegivenelement.

Alternatively, you canalsorequestaGList of padsfrom theelement.Thefollowing
codeexamplewill print thenamesof all thepadsof anelement.

GList *pads;
...

pads = gst_element_get_pad_list (element);
while (pads) {

GstPad *pad = GST_PAD (pads-data);

g_print ("pad name %s\n", gst_pad_get_name (pad));

pads = g_list_next (pads);
}

...
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Chapter 6. GstPad

6.1.1.
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