DirectFB Overview (v0.1)

AndreasHundt<andi@coremence.dg

Septembefl, 2001
Abstract
Thisdocumentiscussegeaturesandconceptof DirectFB. It is work in
progress.
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1 Intr oduction

DirectFB is a thin library that provides hardware graphicsacceleration,input
device handling and abstraction,integratedwindowing systemwith supportfor
translucentwindows andmultiple displaylayerson top of the Linux Framelffer
Device. It is acompletehardwareabstractiorlayerwith softwarefallbacksfor ev-
ery graphicsoperationthatis not supportedy the underlyinghardware. DirectFB
wasdesignedvith embeddedystemsn mind. It offersmaximumhardwareaccel-
eratedperformanceta minimumof resourcausageandoverhead.
1.1 Goals

e smallmemoryfootprint

e maximumpossiblehardwareacceleration

e supportof advancedgraphicsoperationsncuding multiple alphablending
modes

¢ no kernelmodificationsmake useof existing standards
e nolibrary dependencieexceptlibc)

e meettherequirementsf MHP®

1.2 Features
1.2.1 Graphic Operations

DirectFB supportsthe the following graphicsoperations. Thesecanbe donein
hardwareif supportedby the chipsetdriver, or assoftwarefallback:

e Rectangldilling/drawing

e Trianglefilling/drawing

e Line drawing

e (Stretchedblitting

e Blendingwith analphachanngla.k.a.texturealpha)

e Blendingwith a constantlphablendfactor(a.k.a.alphamodulation)

o Nine differentblendingfunctionsrespectiely for sourceanddestinationso
all Porter/Duf rulesaresupported

e Colorizing(a.k.a.colormodulation)
e Sourcecolorkeying

e Destinationcolor keying



1.2.2 Windowing System

DirectFB hasa fastintegratedwindowing system that supportstranslucentwin-
dows. Windows usingARGB Surfacescanbeblendedon perpixel basis.In addi-
tion eachwindow hasits own globaltransparengc

1.2.3 Resource Management

DirectFBhasits own resourcananagemerfor videomemory Resourcefik e dis-

play layersor input devicescanbe locked for exclusive accesse.g. for fullscreen
games. DirectFB provides abstractiorfor the differentgraphicstamgetslike dis-

play layers,windows andary generalpurposesurfaces. The programmingeffort

for switchingfrom windowed to fullscreenand backis minimizedto settingthe
desiredcooperatie level.

1.2.4 Graphic Drivers

For hardware acceleratiorDirectFB usesloadabledriver modules. Currectlythe
following chipsetsaresupported:

e Matrox G200/G400/G450

e ATl Ragel28

e 3dfx Voodoo3/Banshee

e igs CyberPro(notreleasedo the public)

e S3Savage3/4 seriegnotreleasedo the public)
e NeoMagic

e nVidia TNT/Radeorseries

Otherchipsetswill work, but thereis no acceleratiorsupport.

1.2.5 Input Drivers

DirectFB supportghe following input devices:
e standardkeyboards
e serialandPS/2mice
e joysticks

¢ infraredremotecontrols(usinglirc)
It is possibleto querythe hardwaredirectly or to useaneventbuffer.



1.2.6 Image Loading

DirectFB includesimageproviders, which allow loading of the following image
formatsdirectly into DirectFB surfaces:

e JPEG(usinglibjpeg)
e PNG(usinglibpng?2)
e GIF

1.2.7 VideoPlayback

DirectFBincludesvideo providers,which allow renderingof the following video
formatsinto DirectFB surfaces:

video4linux(/dev/video)

mpeg1/2 (usinglibmpey3)

AVI (usingavifile)

macromedidlash(usinglibflash)

1.2.8 Font Rendering

DirectFB supportsanti aliasedtext draving and includesfont providers, which
allow loadingof thefollwing font formats:

e DirectFBbitmapfont

e TrueType(usingFreelype2)



2 DirectFB architecture

2.1 Accesdo the graphics hardware by Dir ectFB

To accesghe graphicshardware DirectFB relieson the existing kernelinterface,
which the frameluffer device provides(/dev/fb). ThatmeanghatDirectFB needs
aworking framehuffer driver to work. For somechipsetghereis a specialframe-
buffer driver in thelinux kernel. For unsupporteahipsetsa vesaframeluffer will
alsowork (althoughwith somelimitations). No matterif graphicsacceleratioris
usedor not, DirectFB will usethe frameluffer device to performthe following
tasks:

e settingup thevideomode(resolution,color depth,timings)
e memorymappingof the cardsthe framehuffer
e changingof theviewport of the frametuffer (for doubleluffering)

If acardis supportedy DirectFBanda frameluffer driver for a specialchipsetis
presenin thelinux kernel,DirectFBwill usetheframeluffer device in additionto
thetasksmentionedabove to do performthefollowing tasks:

e memorymappingof the cardsmemorymappedo ports
o turningoff theframeluffer driver's internalacceleration

To executea specificgraphicsoperation(e.g. blitting of a surface),the DirectFB
chipsetdriverwill accesshe memorymappedo portsof the graphicshardvwareto
submitthe commando the cards acceleratiorengine. Thatmeanghatthe actual
hardwareacceleratiors doneentirelyfrom userspace.

Seefigure 1 on page 6.

2.2 Accesgo input devicesby DirectFB

To accessnput devicesDirectFBuseghe standardievice interfacesthatthelinux
kernelprovides.No input hardwareis accessedirectly by DirectFB.

2.3 Important terms usedby Dir ectFB
2.3.1 Blitting

Blitting refersto theproces®of copying imagedata. Thesimplestexampleis to Blit
aSurfaceto anothemwhile bothSurfaceshave thesamesize,depthandpixel format.
In this casethe memoryhasto be only copiedwithout beingprocessedjust like
copying ary othertype of data). Advacedtypesof Blitting include Blitting with
analphachannelpor Bliting from onepixel formatto another Most graphicscards
includea hardwareblitter thatis capablgo performvariouskinds of Blitting.
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Figure 1: Accessto the framehuffer device andthe graphicshardware by a Di-
rectFBapplication

2.3.2 Surface

A Surfaceis aresered areain memorywherepixel datafor oneimageis stored
in a specificpixel format. A Surfacecanresidein video and/orsystemmemory
It is possibleto performdraving operationson a surfaceor to Blit the surfaceto
another(seesectionl.2.1).

In fullscreenmode,thevisible screeris representedly the "Primary Surface”,
soit is possibleto performgraphicsoperationglirectly on thevisible screen.

Every Surfacecanoptionallyusedoublebuffering, graphicsoperationarethen
first executedon a secondanpuffer and becomevalid after Flip() is called. To
preventflickering it is advisedto use Doublehuffering on the primary Surfacein
mostcases.

2.3.3 SubSurface

A SubSurdceuseshe sameinterfaceasaregular Surface.lt representa partof a
parentSurfaceanddoesnot allocateary systemor video memoryitself.

2.3.4 Layer

Dependingon the graphicshardware, thereare one or more display Layers. A

standard®Cgraphicscardhasonly onelLayer, but sophisticatedleviceslike TV set
top boxesmay supporttwo or morelayers.Layersoccupy differentareasn video
ram,andareusuallycombinedoy usingalphablending.Thisin doneautomatically



by thedisplayhardware. If the contentof thelowestLayerchangesho repainthas
to bedoneandthe contentof the abore layersremainuntouched.

2.3.5 Window / Windowstack

Normally the contentsof a layer's surfaceis controlledby the integratedwindow-
ing systemthatshawvs the windows belongingto the layeron a configurableback-
ground.Eachwindow hasits own surfacethatis usedby thewindowing systemto
producethe composedmageof overlappingwindows. Alternatively applications,
especiallygamescangetexclusive accesgo the layer This way the application
hasdirectcontroloverthelayer’s surfaceandit’ s contentspno windows areshavn.

2.4 Exampleof a Layer/Window configuration

UPPER LAYER

APPLICATION WINDOW

~_VIDEO AREA

LOWER LAYER

Figure2: ThelowerLayerisin fullscreenmode,abackgroundmagehasbeenren-

deredto its primary Surface. Thevideoareais a SubSurdcewhereal live videois

displayed.TheupperLayerusesa Windowstack,whereanapplicationhasopened
aWindow. Thevideois visible throughthe applicationWindow, sincethe upper
Layerusesaglobalalphavalue.



3 DirectFBAPI Concept

TheDirectFBAPI is structuredusinginterfaces.An Interfaceis a C structurethat
containdunctionpointers.Dependingntheimplementatiorof the Interfacethese
pointerspoint to differentcorefunctions. A goodexampleis IDirectFBSurfce,
which canrepresenthewhole screenthe contentsof a Window or a SubSuréce.
Theapplicationuseshe sameAPI| andthe samecodecanbe usedin eachcase.

3.1 The DirectFB Super Interface

IDirectFB is the Superinterface, which is the only onethat canbe createdby a
globalfunction(DirectFBCreate())All otherInterfacesarereachableéhroughthis
Interface. New Interfacescan be createdby calling a function of the IDirectFB
interface(e.g. IDirectFBSurfice). Existing interfaces(like interfacesto existing
input devices)canalsobe enumerate@ndaccessethoughlDirectFB.

3.2 Interface Diagram

«Super Interface»
IDirectFB
Create»
< Get Get »

«Create
IDirectFBDisplayLayer | | IDirectFBSurface | [IDirectFBInputbevice |
Get »
Createn Get » <«Create IDirectFBImageProvider |
[TDirectFeWindow | [DirectFBInputBuffer | ID'irectFBVideoProvider |
IDirectFBFont

Figure3: TherelationshipbetweerDirectFB Interfaces

3.3 Loadable Modules

Thefollowing DirectFB Interfacesareimplementedasloadablemodules:
e |IDirectFBImagePraider (seel.2.6for currentimplemtentations)
o |DirectFBVideoPrwider (seel.2.7for currentimplementations)

o |DirectFBFont (seel.2.8for currentimplementations)

A specificimplementatiorof theselnterfacesis only loadedat runtime if needed.
For exampleif animageis loaded the availible implementation®f IDirectFBIm-
ageProider will be probed.If theimageis a PNGimagethe Probe()function of



the PNG modulewill noticethatit canhandlethefile. Findinga suitableimple-
mentationfor videoformatsworksthe sameway.

¢ |IDirectFBInputDeice (seel.2.5for currentimplementations)

e GfxCard(internalinterfaceonly, notaccessibléy applicationsseel.2.4for
supportectards)

Input and and graphicscard drivers are loadedduring initialization of DirectFB
dependingon the hardware configurationof the systemDirectFBrunson.

It is possibleto implementandusenew graphicscarddrivers,inputdriversand
mediaproviderswithout changingor recompilingDirectFB.

3.4 Example code

Thefollowing listing is a small completeDirectFB programthat shaws the usage
of DirectFB Interfaces.It loadsanimageanddisplaysit.

#i ncl ude <directfb. h>

/* DirectFB interfaces */

| Direct FB *df b;

I Di rect FBSurf ace *primary;
| Di rect FBI mageProvi der  *provi der;

/* describes size, pixel format and capabilities of a surface*/
DFBSur f aceDescri pti on dsc;

int main( int argc, char *argv[] )

{
/* initalize DirectFB and pass argunents */
DirectFBlnit( &rgc, &argv );

/* create the super interface */
Direct FBCreate( &dfb );

/* set cooperative |level to DFSCL_FULLSCREEN for exclusive access to the
primary |ayer */
df b- >Set Cooper ati veLevel ( dfb, DFSCL_FULLSCREEN );

/* get the primary surface, i.e. the surface of the primary |ayer we have
excl usi ve access to */

menset ( &lsc, 0, sizeof (DFBSurfaceDescription) );

dsc.flags = DSDESC CAPS; /* only the caps field of the description is valid.
hei ght, width and pixel format are not set, since
the resolution and pixel are determ ned by the
current video node */

dsc. caps = DSCAPS_PRI MARY; /* we want the primary surface (the whole screen) */

/* Since we are in fullscreen node no new surface will be created,
the whol e screen will be nade accessible through a | Direct FBSurface */
df b->Creat eSurface( dfb, &dsc, &primary );

/* create the image provider that will load the inage */
df b- >Cr eat el nageProvi der( dfb, "tux.png", &provider );

/* render the image to the screen */



provi der->Render To( provider, primry );

/* release the image provider, it is no |onger necessary */
provi der - >Rel ease( provider );

sl eep (5);
/* clean up */

primary->Rel ease( prinmary );
df b- >Rel ease( dfb );
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