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Chapter 1. Introduction
Partsof this documentfirst appearedin Linux Magazineunderaninetydayexclusivity.

Video4Linuxis intendedto provideacommonprogramminginterfacefor themany TV
andcapturecardsnow on themarket,aswell asparallelportandUSB videocameras.
Radio,teletext decodersandverticalblankingdatainterfacesarealsoprovided.
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Chapter 2. Radio Devices
Thereareawide varietyof radiointerfacesavailablefor PC’s,andthesearegenerally
verysimpleto program.Thebiggestproblemwith supportingsuchdevicesis normally
extractingdocumentationfrom thevendor.

Theradiointerfacesupportsasimplesetof controlioctls standardisedacrossall radio
andtv interfaces.It doesnotsupportreador write, whichareusedfor videostreams.
Thereasonradiocardsdonot allow you to readtheaudiostreaminto anapplicationis
thatwithoutexceptionthey providea connectionon to asoundcard.Soundcardscanbe
usedto readtheradiodatajust fine.

2.1. Registering Radio Devices
TheVideo4linuxcoreprovidesaninterfacefor registeringdevices.Thefirst stepin
writing our radiocarddriver is to registerit.

static struct video_device my_radio
{

"My radio",
VID_TYPE_TUNER,
VID_HARDWARE_MYRADIO,
radio_open.
radio_close,
NULL, /* no read */
NULL, /* no write */
NULL, /* no poll */
radio_ioctl,
NULL, /* no special init function */
NULL /* no private data */

};
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Chapter 2. Radio Devices

Thisdeclaresourvideo4linuxdevicedriver interface.TheVID_TYPE_valuedefines
whatkind of aninterfaceweare,anddefinesbasiccapabilities.

Theonly definedvaluerelevantfor a radiocardis VID_TYPE_TUNERwhich
indicatesthatthedevicecanbetuned.Clearlyour radiois goingto havesomeway to
changechannelsoit is tuneable.

TheVID_HARDWARE_ typesareuniqueto eachdevice.Numbersareassignedby
<alan@redhat.com> whendevicedriversaregoingto bereleased.Until thenyou
canpull a suitablylargenumberout of yourhatanduseit. 10000shouldbesafefor a
very long timeevenallowing for thehugenumberof vendorsmakingnew anddifferent
radiocardsat themoment.

Wedeclareanopenandcloseroutine,but wedo notneedreador write, whichareused
to readandwrite videodatato or from thecarditself. As wehavenoreador write there
is nopoll function.

Theprivateinitialise functionis run whenthedevice is registered.In this driverwe’ve
alreadydoneall thework needed.Thefinal pointeris aprivatedatapointerthatcanbe
usedby thedevicedriver to attachandretrieveprivatedatastructures.Wesetthis field
"priv" to NULL for themoment.

Having thestructuredefinedis all verywell but wenow needto registerit with the
kernel.

static int io = 0x320;

int __init myradio_init(struct video_init *v)
{

if(check_region(io, MY_IO_SIZE))
{

printk(KERN_ERR
"myradio: port 0x%03X is in use.\n", io);

return -EBUSY;
}
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Chapter 2. Radio Devices

if(video_device_register(&my_radio, VFL_TYPE_RADIO)==-1)
return -EINVAL;

request_region(io, MY_IO_SIZE, "myradio");
return 0;

}

Thefirst stageof theinitialisation,asis normallythecase,is to checkthattheI/O space
weareaboutto fiddlewith doesn’t belongto someotherdriver. If it is we leavewell
alone.If theusergivestheaddressof thewrongdevice thenwewill spotthis.These
policieswill generallyavoid crashingthemachine.

Now weasktheVideo4Linuxlayerto registerthedevice for us.Wehandit our
carefullydesignedvideo_devicestructureandalsotell it which groupof deviceswe
wantit registeredwith. In this caseVFL_TYPE_RADIO.

Thetypesavailableare

Table 2-1.DeviceTypes

VFL_TYPE_RADIO /dev/radio{n} Radiodevicesareassigned
in this block.As with all of
theseselectionstheactual
numberassignmentis done
by thevideolayeraccordijng
to whatis free.

VFL_TYPE_GRABBER /dev/video{n} Videocapturedevicesand
also– counter-intuitively for
thename– hardwarevideo
playbackdevicessuchas
MPEG2cards.
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Chapter 2. Radio Devices

VFL_TYPE_VBI /dev/vbi{n} TheVBI devicescapturethe
hiddenlineson a television
picturethatcarryfurther
informationlikeclosed
captiondata,teletext
(primarily in Europe)and
now Intercastandthe
ATVEC internettelevision
encodings.

VFL_TYPE_VTX /dev/vtx[n} VTX is ’Videotext’ also
known as’Teletext’. This is
asystemfor sending
numbered,40x25,mostly
textualpageimagesover the
hiddenlines.Unlike the
/dev/vbi interfaces,this is for
’smart’decoderchips.(The
useof theword smarthere
hasto betakenin context,
thesmartestteletext chips
arefairly dumbpiecesof
technology).

Wearemostdefinitelya radio.

Finally weallocateour I/O spacesothatnobodytreadson usandreturn0 to signify
generalhappinesswith thestateof theuniverse.

2.2. Opening And Closing The Radio
Thefunctionswedeclaredin ourvideo_devicearemostlyverysimple.Firstly wecan
dropin whatis basicallystandardcodefor openandclose.
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Chapter 2. Radio Devices

static int users = 0;

static int radio_open(stuct video_device *dev, int flags)
{

if(users)
return -EBUSY;

users++;
MOD_INC_USE_COUNT;
return 0;

}

At opentimeweneedto donothingbut checkif someoneelseis alsousingtheradio
card.If nobodyis usingit wemakeanotethatweareusingit, thenweensurethat
nobodyunloadsour driveron us.

static int radio_close(struct video_device *dev)
{

users-;
MOD_DEC_USE_COUNT;

}

At closetimewe simplyneedto reducetheusercountandallow themoduleto become
unloadable.

If youaresharpyouwill havenoticedneithertheopennor thecloseroutinesattemptto
resetor changetheradiosettings.This is intentional.It allowsanapplicationto setup
theradioandexit. It avoidsauserhaving to leaveanapplicationrunningall thetime
just to listento theradio.
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Chapter 2. Radio Devices

2.3. The Ioctl Interface
This leavestheioctl routine,without which thedriverwill notbeterribly usefulto
anyone.

static int radio_ioctl(struct video_device *dev, un-
signed int cmd, void *arg)
{

switch(cmd)
{

case VIDIOCGCAP:
{

struct video_capability v;
v.type = VID_TYPE_TUNER;
v.channels = 1;
v.audios = 1;
v.maxwidth = 0;
v.minwidth = 0;
v.maxheight = 0;
v.minheight = 0;
strcpy(v.name, "My Radio");
if(copy_to_user(arg, &v, sizeof(v)))

return -EFAULT;
return 0;

}

VIDIOCGCAPis thefirst ioctl all video4linuxdevicesmustsupport.It allows the
applicationsto find outwhatsortof acardthey have foundandto figureoutwhatthey
wantto do aboutit. Thefieldsin thestructureare

Table 2-2.struct video_capabilityfields
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Chapter 2. Radio Devices

name Thedevice text name.This is intendedfor
theuser.

channels Thenumberof differentchannelsyou can
tuneon this card.It couldevenby zerofor
a cardthathasno tuningcapability. For our
simpleFM radioit is 1. An AM/FM radio
would report2.

audios Thenumberof audioinputson thisdevice.
For our radiothereis only oneaudioinput.

minwidth,minheight Thesmallestsizethecardis capableof
capturingimagesin. Wesettheseto zero.
Radiosdo notcapturepictures

maxwidth,maxheight Thelargestimagesizethecardis capable
of capturing.For our radiowe report0.

type This reportsthecapabilitiesof thedevice,
andmatchesthefield wefilled in in the
structvideo_devicewhenregistering.

Having filled in thefields,weusecopy_to_userto copy thestructureinto theusers
buffer. If thecopy failswe returnanEFAULT to theapplicationsothatit knows it tried
to feedusgarbage.

Thenext pair of ioctl operationsselectwhich tuneris to beusedandlet theapplication
find thetunerproperties.Wehaveonly a singleFM bandtunerin our exampledevice.

case VIDIOCGTUNER:
{

struct video_tuner v;
if(copy_from_user(&v, arg, sizeof(v))!=0)

return -EFAULT;
if(v.tuner)

return -EINVAL;
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Chapter 2. Radio Devices

v.rangelow=(87*16000);
v.rangehigh=(108*16000);
v.flags = VIDEO_TUNER_LOW;
v.mode = VIDEO_MODE_AUTO;
v.signal = 0xFFFF;
strcpy(v.name, "FM");
if(copy_to_user(&v, arg, sizeof(v))!=0)

return -EFAULT;
return 0;

}

TheVIDIOCGTUNER ioctl allowsapplicationsto querya tuner. Theapplicationsets
thetunerfield to thetunernumberit wishesto query. Thequerydoesnotchangethe
tunerthatis beingused,it merelyenquiresaboutthetunerin question.

Wehaveexactlyonetunersoaftercopying theuserbuffer to our temporarystructure
wecomplainif they askedfor a tunerotherthantuner0.

Thevideo_tunerstructurehasthefollowing fields

Table 2-3.struct video_tunerfields

int tuner Thenumberof thetunerin question

charname[32] A text descriptionof this tuner. "FM" will
do fine.This is intendedfor theapplication.

u32flags Tunercapabilityflags

u16mode Thecurrentreceptionmode

13



Chapter 2. Radio Devices

u16signal Thesignalstrengthscaledbetween0 and
65535.If adevicecannottell thesignal
strengthit shouldreport65535.Many
simplecardscontainonly asignal/nosignal
bit. Suchcardswill reporteither0 or
65535.

u32rangelow, rangehigh Therangeof frequenciessupportedby the
radioor TV. It is scaledaccordingto the
VIDEO_TUNER_LOW flag.

Table 2-4.struct video_tunerflags

VIDEO_TUNER_PAL A PAL TV tuner

VIDEO_TUNER_NTSC An NTSC(US) TV tuner

VIDEO_TUNER_SECAM A SECAM(French)TV tuner

VIDEO_TUNER_LOW Thetunerfrequency is scaledin 1/16thof
a KHz steps.If not it is in 1/16thof aMHz
steps

VIDEO_TUNER_NORM Thetunercansetits format

VIDEO_TUNER_STEREO_ON Thetuneris currentlyreceiving astereo
signal

Table 2-5.struct video_tunermodes

VIDEO_MODE_PAL PAL Format

VIDEO_MODE_NTSC NTSCFormat(USA)

VIDEO_MODE_SECAM FrenchFormat

VIDEO_MODE_AUTO A device thatdoesnot needto do TV
formatswitching
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Chapter 2. Radio Devices

Thesettingsfor theradiocardarethusfairly simple.Wereportthatwearea tuner
called"FM" for FM radio.In orderto getthebesttuningresolutionwereport
VIDEO_TUNER_LOW andselecttuningto 1/16thof KHz. Its unlikely our cardcan
do thatresolutionbut it is a fair betthecardcandobetterthan1/16thof aMHz.
VIDEO_TUNER_LOW is appropriateto almostall radiousage.

Wereportthatthetunerautomaticallyhandlesdecidingwhatformatit is receiving -
trueenoughasit only handlesFM radio.Our examplecardis alsoincapableof
detectingstereoor signalstrengthssoit reportsastrengthof 0xFFFF(maximum)and
no stereodetected.

To finishoff wesettherangethatcanbetunedto be87-108Mhz,thenormalFM
broadcastradiorange.It is importantto find out whatthecardis actuallycapableof
tuning.It is easyenoughto simplyusetheFM broadcastrange.Unfortunatelyif youdo
this youwill discover theFM broadcastrangesin theUSA, EuropeandJapanareall
subtlydifferentandsomeuserscannotreceiveall thestationsthey wish.

Theapplicationalsoneedsto beableto setthetunerit wishesto use.In ourcase,with a
singletunerthis is rathersimpleto arrange.

case VIDIOCSTUNER:
{

struct video_tuner v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.tuner != 0)

return -EINVAL;
return 0;

}

Wecopy theusersuppliedstructureinto kernelmemorysowecanexamineit. If the
userhasselecteda tunerotherthanzerowerejecttherequest.If they wantedtuner0
then,suprisinglyenough,thatis thecurrenttuneralready.

Thenext two ioctls weneedto provideareto getandsetthefrequency of theradio.
Thesebothuseanunsignedlongargumentwhich is thefrequency. Thescaleof the
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Chapter 2. Radio Devices

frequency dependson theVIDEO_TUNER_LOW flag asI mentionedearlieron.Since
wehaveVIDEO_TUNER_LOW setthis will bein 1/16thsof aKHz.

static unsigned long current_freq;

case VIDIOCGFREQ:
if(copy_to_user(arg, &current_freq,

sizeof(unsigned long))
return -EFAULT;

return 0;

Queryingthefrequency in our caseis relatively simple.Our radiocardis toodumbto
let usquerythesignalstrengthsowerememberour settingif weknow it. All wehave
to do is copy it to theuser.

case VIDIOCSFREQ:
{

u32 freq;
if(copy_from_user(arg, &freq,

sizeof(unsigned long))!=0)
return -EFAULT;

if(hardware_set_freq(freq)<0)
return -EINVAL;

current_freq = freq;
return 0;

}

Settingthefrequency is a little morecomplex. Webegin by copying thedesired
frequency into kernelspace.Next wecall ahardwarespecificroutineto settheradio
up.Thismightbeassimpleassomescalinganda few writesto anI/O port.For most
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Chapter 2. Radio Devices

radiocardsit turnsout agooddealmorecomplicatedandmayinvolveprogramming
thingslikeaphaselockedloopon thecard.This is whatdocumentationis for.

Thefinal setof operationsweneedto provide for our radioarethevolumecontrols.
Not all radiocardscanevendo volumecontrol.After all thereis aperfectlygood
volumecontrolon thesoundcard.Wewill assumeour radiocardhasasimple4 step
volumecontrol.

Therearetwo ioctls with audioweneedto support

static int current_volume=0;

case VIDIOCGAUDIO:
{

struct video_audio v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.audio != 0)

return -EINVAL;
v.volume = 16384*current_volume;
v.step = 16384;
strcpy(v.name, "Radio");
v.mode = VIDEO_SOUND_MONO;
v.balance = 0;
v.base = 0;
v.treble = 0;

if(copy_to_user(arg. &v, sizeof(v)))
return -EFAULT;

return 0;
}

Much like thetunerwestartby copying theuserstructureinto kernelspace.Againwe
checkif theuserhasaskedfor avalid audioinput.Wehaveonly input 0 andwepuntif
they askfor anotherinput.
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Chapter 2. Radio Devices

Thenwefill in thevideo_audiostructure.Thishasthefollowing format

Table 2-6.struct video_audiofields

audio Theinput theuserwishesto query

volume Thevolumesettingon ascaleof 0-65535

base Thebaselevel onascaleof 0-65535

treble Thetreblelevel on ascaleof 0-65535

flags Thefeaturesthis audiodevicesupports

name A text nameto displayto theuser. We
picked"Radio"asit explainsthingsquite
nicely.

mode Thecurrentreceptionmodefor theaudio
We reportMONO becauseour cardis too
stupidto know if it is in monoor stereo.

balance Thestereobalanceon ascaleof 0-65535,
32768is middle.

step Thestepby which thevolumecontrol
jumps.This is usedto helpmake it easyfor
applicationsto setsliderbehaviour.

Table 2-7.struct video_audioflags

VIDEO_AUDIO_MUTE Theaudiois currentlymuted.Wecould
fake this in our driverbut wechoosenot to
bother.

VIDEO_AUDIO_MUTABLE Theinput hasamuteoption

VIDEO_AUDIO_TREBLE Theinput hasa treblecontrol

VIDEO_AUDIO_BASS Theinput hasabasecontrol
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Table 2-8.struct video_audiomodes

VIDEO_SOUND_MONO Monosound

VIDEO_SOUND_STEREO Stereosound

VIDEO_SOUND_LANG1 Alternative language1 (TV specific)

VIDEO_SOUND_LANG2 Alternative language2 (TV specific)

Having filled in thestructurewecopy it backto userspace.

TheVIDIOCSAUDIO ioctl allows theuserto settheaudioparametersin the
video_audiostucture.Thedriverdoesits bestto honourtherequest.

case VIDIOCSAUDIO:
{

struct video_audio v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.audio)

return -EINVAL;
current_volume = v/16384;
hardware_set_volume(current_volume);
return 0;

}

In our casethereis very little thattheusercanset.Thevolumeis basicallythelimit.
Notethatwecouldpretendto haveamutefeatureby rewriting this to

case VIDIOCSAUDIO:
{

struct video_audio v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.audio)

return -EINVAL;
current_volume = v/16384;
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if(v.flags&VIDEO_AUDIO_MUTE)
hardware_set_volume(0);

else
hardware_set_volume(current_volume);

current_muted = v.flags &
VIDEO_AUDIO_MUTE;

return 0;
}

Thiswith thecorrespondingchangesto theVIDIOCGAUDIO codeto reportthestate
of themuteflagwesaveandto reportthecardhasamutefunction,will allow
applicationsto useamutefacility with this card.It is questionablewhetherthis is a
goodideahowever. Userapplicationscanalreadyfake this themselvesandkernelspace
is precious.

Wenow haveaworking radioioctl handler. Sowe just wrapup thefunction

}
return -ENOIOCTLCMD;

}

andpasstheVideo4Linuxlayerbackanerrorsothatit knowswedid notunderstand
therequestwegotpassed.

2.4. Module Wrapper
Finally weaddin theusualmodulewrappingandthedriver is done.

#ifndef MODULE

static int io = 0x300;
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#else

static int io = -1;

MODULE_AUTHOR("Alan Cox");
MODULE_DESCRIPTION("A driver for an imaginary radio card.");
MODULE_PARM(io, "i");
MODULE_PARM_DESC(io, "I/O address of the card.");

EXPORT_NO_SYMBOLS;

int init_module(void)
{

if(io==-1)
{

printk(KERN_ERR
"You must set an I/O address with io=0x???\n");

return -EINVAL;
}
return myradio_init(NULL);

}

void cleanup_module(void)
{

video_unregister_device(&my_radio);
release_region(io, MY_IO_SIZE);

}

#endif

In this examplewesettheIO baseby default if thedriver is compiledinto thekernel
whereyoucannotpassaparameter. For themodulewe requiretheusersetsthe
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Chapter 2. Radio Devices

parameter. Wesetio to anonsenseport (-1) sothatwecantell if theusersuppliedanio
parameteror not.

WeuseMODULE_ definesto giveanauthorfor thecarddriverandadescription.We
alsousethemto declarethatio is anintegerandit is theaddressof thecard.

Theclean-uproutineunregistersthevideo_deviceweregistered,andfreesup theI/O
space.Notethattheunregistertakestheactualvideo_devicestructureasits argument.
Unlike thefile operationsstructurewhichcanbesharedby all instancesof adevicea
video_devicestructureasanactualinstanceof thedevice. If youareregistering
multiple radiodevicesyouneedto fill in onestructureperdevice (mostlikely by
settingupa templateandcopying it to eachof theactualdevicestructures).
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Chapter 3. Video Capture Devices

3.1. Video Capture Device Types
Thevideocapturedevicessharethesameinterfacesasradiodevices.In orderto
explain thevideocaptureinterfaceI will usetheexampleof acamerathathasno tuners
or audioinput.Thiskeepstheexamplerelatively clean.To getbothcombinethetwo
driverexamples.

Videocapturedevicesdivide into four categories.A little technologybackgrounder.
Full motionvideoevenat television resolution(which is actuallyfairly low) is pretty
resource-intensive.You arecontinuallypassingmegabytesof dataeverysecondfrom
thecapturecardto thedisplay. severalalternativeapproacheshaveemergedbecause
copying this throughtheprocessorandtheuserprogramis aparticularlybadidea.

Thefirst is to addthetelevision imageontothevideooutputdirectly. This is alsohow
some3D cardswork. Thesebasiccardscangenerallydropthevideointo any chosen
rectangleof thedisplay. Cardslike this,which includemostmpeg1cardsthatusedthe
featureconnector, aren’t very friendly in awindowing environment.They don’t
understandwindowsor clipping.Thevideowindow is alwayson thetop of thedisplay.

Chromakeying is a techniqueusedby cardsto getaroundthis. It is anold television
mixing trick whereyoumarkall theareasyouwish to replacewith asingleclearcolour
thatisn’t usedin theimage- TV peopleuseanincrediblybrightbluewhile computing
peopleoftenuseapaticularlyvirulentpurple.Bright blueoccurson thedesktop.
Anyonewith virulentpurplewindowshasanotherproblembesidestheir TV overlay.

Thethird approachis to copy thedatafrom thecapturecardto thevideocard,but to do
it directlyacrossthePCI bus.This relievestheprocessorfrom doingthework but does
requiresomesmartnesson thepartof thevideocapturechip,aswell asasuitablevideo
card.Programmingthis kind of cardandmoresodebuggingit canbeextremelytricky.
Therearesomequitecomplicatedinteractionswith thedisplayandyou mayalsohave
to copewith variouschipsetbugsthatshow upwhenPCI cardsstarttalking to each
other.
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Chapter 3. Video Capture Devices

To keepour examplefairly simplewewill assumeacardthatsupportsoverlayinga flat
rectangularimageontotheframebuffer output,andwhichcanalsocapturestuff into
processormemory.

3.2. Registering Video Capture Devices
This timeweneedto addmorefunctionsfor our cameradevice.

static struct video_device my_camera
{

"My Camera",
VID_TYPE_OVERLAY|VID_TYPE_SCALES|\
VID_TYPE_CAPTURE|VID_TYPE_CHROMAKEY,
VID_HARDWARE_MYCAMERA,
camera_open.
camera_close,
camera_read, /* no read */
NULL, /* no write */
camera_poll, /* no poll */
camera_ioctl,
NULL, /* no special init function */
NULL /* no private data */

};

Weneeda read()functionwhich is usedfor capturingdatafrom thecard,andweneed
apoll functionsothatadrivercanwait for thenext frameto becaptured.

Weusetheextravideocapabilityflagsthatdid notapplyto theradiointerface.The
videorelatedflagsare

Table 3-1.Capture Capabilities

VID_TYPE_CAPTURE Wesupportimagecapture
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VID_TYPE_TELETEXT A teletext capturedevice (vbi{n])

VID_TYPE_OVERLAY Theimagecanbedirectlyoverlaidonto
theframebuffer

VID_TYPE_CHROMAKEY Chromakey canbeusedto selectwhich
partsof theimageto display

VID_TYPE_CLIPPING It is possibleto give theboarda list of
rectanglesto draw around.

VID_TYPE_FRAMERAM Thevideocapturegoesinto thevideo
memoryandactuallychangesit.
Applicationsneedto know this sothey can
cleanup afterthecard

VID_TYPE_SCALES Theimagecanbescaledto varioussizes,
ratherthanbeingasinglefixedsize.

VID_TYPE_MONOCHROME Thecapturewill bemonochrome.This
isn’t acompleteanswerto thequestion
sinceamonocameraonacolourcapture
cardwill still producemonooutput.

VID_TYPE_SUBCAPTURE Thecardallowsonly partof its field of
view to becaptured.Thisenables
applicationsto avoid copying all of a large
imageinto memorywhenonly some
sectionis relevant.

WesetVID_TYPE_CAPTUREsothatweareseenasacapturecard,
VID_TYPE_CHROMAKEY sotheapplicationknows it is time to draw in virulent
purple,andVID_TYPE_SCALESbecausewecanberesized.

Our setupis fairly similar. This time wealsowantaninterruptline for the’frame
captured’signal.Not all cardshave this sosomeof themcannothandlepoll().

static int io = 0x320;
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static int irq = 11;

int __init mycamera_init(struct video_init *v)
{

if(check_region(io, MY_IO_SIZE))
{

printk(KERN_ERR
"mycamera: port 0x%03X is in use.\n", io);

return -EBUSY;
}

if(video_device_register(&my_camera,
VFL_TYPE_GRABBER)==-1)

return -EINVAL;
request_region(io, MY_IO_SIZE, "mycamera");
return 0;

}

This is little changedfrom theneedsof theradiocard.Wespecify
VFL_TYPE_GRABBERthis timeaswewantto beallocateda /dev/videoname.

3.3. Opening And Closing The Capture Device

static int users = 0;

static int camera_open(stuct video_device *dev, int flags)
{

if(users)
return -EBUSY;

if(request_irq(irq, camera_irq, 0, "camera", dev)<0)
return -EBUSY;

users++;
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MOD_INC_USE_COUNT;
return 0;

}

static int camera_close(struct video_device *dev)
{

users-;
free_irq(irq, dev);
MOD_DEC_USE_COUNT;

}

Theopenandcloseroutinesarealsoquitesimilar. Theonly realchangeis thatwenow
requestaninterruptfor thecameradevice interruptline. If wecannotgettheinterrupt
we reportEBUSY to theapplicationandgiveup.

3.4. Interrupt Handling
Our examplehandleris for anISA busdevice. If it wasPCIyou wouldbeableto share
theinterruptandwouldhavesetSA_SHIRQto indicatea sharedIRQ. Wepassthe
devicepointerastheinterruptroutineargument.Wedon’t needto sinceweonly
supportonecardbut doingthis will make it easierto upgradethedriver for multiple
devicesin thefuture.

Our interruptroutineneedsto do little if weassumethecardcansimplyqueueone
frameto bereadafterit capturesit.

static struct wait_queue *capture_wait;
static int capture_ready = 0;

static void camera_irq(int irq, void *dev_id,
struct pt_regs *regs)

{
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capture_ready=1;
wake_up_interruptible(&capture_wait);

}

Theinterrupthandleris niceandsimplefor this cardasweareassumingthecardis
buffering theframefor us.Thismeanswehave little to dobut wakeupanybody
interested.We alsosetacapture_readyflag,aswemaycapturea framebeforean
applicationneedsit. In this caseweneedto know thata frameis ready. If wehadto
collecttheframeon theinterruptlife wouldbemorecomplex.

Thetwo new routinesweneedto supplyarecamera_readwhich returnsa frame,and
camera_pollwhichwaitsfor a frameto becomeready.

static int camera_poll(struct video_device *dev,
struct file *file, struct poll_table *wait)
{

poll_wait(file, &capture_wait, wait);
if(capture_read)

return POLLIN|POLLRDNORM;
return 0;

}

Our wait queuefor polling is thecapture_wait queue.Thiswill causethetaskto be
wokenupby our camera_irqroutine.Wecheckcapture_readto seeif thereis animage
presentandif soreportthatit is readable.

3.5. Reading The Video Image

static long camera_read(struct video_device *dev, char *buf,
unsigned long count)
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{
struct wait_queue wait = { current, NULL };
u8 *ptr;
int len;
int i;

add_wait_queue(&capture_wait, &wait);

while(!capture_ready)
{

if(file->flags&O_NDELAY)
{

remove_wait_queue(&capture_wait, &wait);
current->state = TASK_RUNNING;
return -EWOULDBLOCK;

}
if(signal_pending(current))
{

remove_wait_queue(&capture_wait, &wait);
current->state = TASK_RUNNING;
return -ERESTARTSYS;

}
schedule();
current->state = TASK_INTERRUPTIBLE;

}
remove_wait_queue(&capture_wait, &wait);
current->state = TASK_RUNNING;

Thefirst thing wehave to do is to ensurethattheapplicationwaitsuntil thenext frame
is ready. Thecodehereis almostidenticalto themousecodewe usedearlierin this
chapter. It is oneof thecommonbuilding blocksof Linux devicedrivercodeand
probablyonewhichyou will find occursin any driversyouwrite.

Wewait for a frameto beready, or for asignalto interruptour waiting. If a signal
occursweneedto returnfrom thesystemcall sothatthesignalcanbesentto the

29



Chapter 3. Video Capture Devices

applicationitself. Wealsocheckto seeif theuseractuallywantedto avoid waiting - ie
if they areusingnon-blockingI/O andhaveotherthingsto getonwith.

Next wecopy thedatafrom thecardto theuserapplication.This is rarelyaseasyasour
examplemakesout.Wewill addcapture_w, andcapture_hhereto hold thewidth and
heightof thecapturedimage.Weassumethecardonly supports24bit RGBfor now.

capture_ready = 0;

ptr=(u8 *)buf;
len = capture_w * 3 * capture_h; /* 24bit RGB */

if(len>count)
len=count; /* Doesn’t all fit */

for(i=0; i<len; i++)
{

put_user(inb(io+IMAGE_DATA), ptr);
ptr++;

}

hardware_restart_capture();

return i;
}

For a realhardwaredeviceyou would try to avoid theloopwith put_user().Eachcall to
put_user()hasa time overheadcheckingwhethertheaccessesto userspaceare
allowed.It wouldbebetterto reada line into a temporarybuffer thencopy this to user
spacein onego.

Having capturedtheimageandput it into userspacewecankick thecardto getthe
next frameacquired.
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3.6. Video Ioctl Handling
As with theradiodriver themajorcontrolinterfaceis via theioctl() function.Video
capturedevicessupportthesametunercallsasa radiodeviceandalsosupport
additionalcallsto controlhow thevideofunctionsarehandled.In this simpleexample
thecardhasno tunersto avoid makingthecodecomplex.

static int camera_ioctl(struct video_device *dev, un-
signed int cmd, void *arg)
{

switch(cmd)
{

case VIDIOCGCAP:
{

struct video_capability v;
v.type = VID_TYPE_CAPTURE|\

VID_TYPE_CHROMAKEY|\
VID_TYPE_SCALES|\
VID_TYPE_OVERLAY;

v.channels = 1;
v.audios = 0;
v.maxwidth = 640;
v.minwidth = 16;
v.maxheight = 480;
v.minheight = 16;
strcpy(v.name, "My Camera");
if(copy_to_user(arg, &v, sizeof(v)))

return -EFAULT;
return 0;

}
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Thefirst ioctl wemustsupportandwhich all videocaptureandradiodevicesare
requiredto supportis VIDIOCGCAP. Thisbehavesexactly thesameaswith a radio
device.This time,however, we reporttheextra capabilitiesweoutlinedearlieronwhen
definingourvideo_dev structure.

Wenow setthevideoflagssayingthatwe supportoverlay, capture,scalingand
chromakey. Wealsoreportsizelimits - our smallestimageis 16x16pixels,our largest
is 640x480.

To keepthingssimplewe reportnoaudioandno tuningcapabilitiesat all.

case VIDIOCGCHAN:
{

struct video_channel v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.channel != 0)

return -EINVAL;
v.flags = 0;
v.tuners = 0;
v.type = VIDEO_TYPE_CAMERA;
v.norm = VIDEO_MODE_AUTO;
strcpy(v.name, "Camera Input");break;
if(copy_to_user(&v, arg, sizeof(v)))

return -EFAULT;
return 0;

}

This followswhatis verymuchthestandardwayanioctl handlerlooksin Linux. We
copy thedatainto akernelspacevariableandwecheckthattherequestis valid (in this
casethattheinput is 0). Finally wecopy thecamerainfo backto theuser.
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TheVIDIOCGCHAN ioctl allowsauserto askaboutvideochannels(thatis inputsto
thevideocard).Ourexamplecardhasa singlecamerainput.Thefieldsin thestructure
are

Table 3-2.struct video_channelfields

channel Thechannelnumberweareselecting

name Thenamefor this channel.This is
intendedto describetheport to theuser.
Appropriatenamesarethereforethingslike
"Camera""SCART input"

flags Channelproperties

type Input type

norm Thecurrenttelevisionencodingbeingused
if relevantfor this channel.

Table 3-3.struct video_channelflags

VIDEO_VC_TUNER Channelhasa tuner.

VIDEO_VC_AUDIO Channelhasaudio.

Table 3-4.struct video_channeltypes

VIDEO_TYPE_TV Television input.

VIDEO_TYPE_CAMERA Fixedcamerainput.

0 Typeis unknown.

Table 3-5.struct video_channelnorms

VIDEO_MODE_PAL PAL encodedTelevision
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VIDEO_MODE_NTSC NTSC(US)encodedTelevision

VIDEO_MODE_SECAM SECAM(French)Televison

VIDEO_MODE_AUTO Automaticswitching,or formatdoesnot
matter

ThecorrespondingVIDIOCSCHAN ioctl allowsauserto changechannelandto
requestthenormis changed- for exapleto switchbetweenaPAL or anNTSCformat
camera.

case VIDIOCSCHAN:
{

struct video_channel v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.channel != 0)

return -EINVAL;
if(v.norm != VIDEO_MODE_AUTO)

return -EINVAL;
return 0;

}

Theimplementationof this call in our driver is remarkablyeasy. Becauseweare
assumingfixedformathardwareweneedonly checkthattheuserhasnot tried to
changeanything.

Theuseralsoneedsto beableto configureandadjustthepicturethey areseeing.This
is muchlikeadjustinga televisionset.A userapplicationalsoneedsto know thepalette
beingusedsothatit knowshow to displaytheimagethathasbeencaptured.The
VIDIOCGPICT andVIDIOCSPICTioctl callsprovide this information.
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case VIDIOCGPICT
{

struct video_picture v;
v.brightness = hardware_brightness();
v.hue = hardware_hue();
v.colour = hardware_saturation();
v.contrast = hardware_brightness();
/* Not settable */
v.whiteness = 32768;
v.depth = 24; /* 24bit */
v.palette = VIDEO_PALETTE_RGB24;
if(copy_to_user(&v, arg,

sizeof(v)))
return -EFAULT;

return 0;
}

Thebrightness,hue,color, andcontrastprovide thepicturecontrolsthatareakin to a
conventionaltelevision.Whitenessprovidesadditionalcontrolfor greyscaleimages.
All of thesevaluesarescaledbetween0-65535andhave32768asthemid point
setting.Thescalingmeansthatapplicationsdonot have to worry aboutthecapability
rangeof thehardwarebut canlet it makea besteffort attempt.

Our depthis 24,asthis is in bits.We will bereturingRGB24format.Thishasonebyte
of red,thenoneof green,thenoneof blue.This thenrepeatsfor everyotherpixel in the
image.Theothercommonformatstheinterfacedefinesare

Table 3-6.Framebuffer Encodings

GREY Lineargreyscale.This is for simple
camerasandthelike
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RGB565 Thetop5 bits hold32 redlevels,thenext
six bitsholdgreenandthelow 5 bitshold
blue.

RGB555 Thetopbit is clear. Theredgreenandblue
levelseachoccupy fivebits.

Additionalmodesaresupportfor YUV captureformats.Thesearecommonfor TV and
videoconferencingapplications.

TheVIDIOCSPICTioctl allowsa userto setsomeof thepictureparameters.Exactly
which onesaresupporteddependsheavily on thecarditself. It is possibleto support
many modesandeffectsin software.In generaldoingthis in thekernelis abadidea.
Videocaptureis aperformance-sensitiveapplicationandtheprogramscanoftendo
betterif they aren’t being’helped’by anoverkeendriverwriter. Thusfor our devicewe
will reportRGB24only andrefuseto allow achange.

case VIDIOCSPICT:
{

struct video_picture v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.depth!=24 ||

v.palette != VIDEO_PALETTE_RGB24)
return -EINVAL;

set_hardware_brightness(v.brightness);
set_hardware_hue(v.hue);
set_hardware_saturation(v.colour);
set_hardware_brightness(v.contrast);
return 0;

}
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Wechecktheuserhasnot tried to changethepaletteor thedepth.Wedo notwantto
carryout someof thechangesandthenreturnanerror. This mayconfusethe
applicationwhichwill beassumingno changeoccurred.

In muchthesamewayasyou needto beableto setthepicturecontrolsto gettheright
captureimages,many cardsneedto know whatthey aredisplayingontowhen
generatingoverlayoutput.In somecasesgettingthiswrongevenmakesanastymessor
maycrashthecomputer. For thatreasontheVIDIOCSBUF ioctl usedto setup the
framebuffer informationmaywell only beusableby root.

Wewill assumeourcardis oneof theold ISA deviceswith featureconnectorandonly
supportsacoupleof standardvideomodes.Verycommonfor oldercardsalthoughthe
PCI devicesarewaysmarterthanthis.

static struct video_buffer capture_fb;

case VIDIOCGFBUF:
{

if(copy_to_user(arg, &capture_fb,
sizeof(capture_fb)))

return -EFAULT;
return 0;

}

Wekeeptheframebuffer informationin theformattheioctl uses.Thismakesit nice
andeasyto work with in theioctl calls.

case VIDIOCSFBUF:
{

struct video_buffer v;

if(!capable(CAP_SYS_ADMIN))
return -EPERM;
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if(copy_from_user(&v, arg, sizeof(v)))
return -EFAULT;

if(v.width!=320 && v.width!=640)
return -EINVAL;

if(v.height!=200 && v.height!=240
&& v.height!=400
&& v.height !=480)
return -EINVAL;

memcpy(&capture_fb, &v, sizeof(v));
hardware_set_fb(&v);
return 0;

}

Thecapable()functionchecksauserhastherequiredcapability. TheLinux operating
systemhasasetof about30capabilitiesindicatingprivilegedaccessto services.The
default setup givesthesuperuser(uid 0) all of themandnobodyelsehasany.

WecheckthattheuserhastheSYS_ADMIN capability, thatis they areallowedto
operateasthemachineadministrator. Wedon’t wantanyonebut theadministrator
makingamessof thedisplay.

Next wecheckfor standardPCvideomodes(320or 640wide with eitherEGA or
VGA depths).If themodeis notastandardvideomodewe rejectit asnotsupportedby
our card.If themodeis acceptablewesave it sothatVIDIOCFBUF will give theright
answernext time it is called.Thehardware_set_fb()functionis someundescribedcard
specificfunctionto programthecardfor thedesiredmode.

Beforethedrivercandisplayanoverlaywindow it needsto know wherethewindow
shouldbeplaced,andalsohow largeit shouldbe.If thecardsupportsclipping it needs
to know which rectanglesto omit from thedisplay. Thevideo_window structureis used
to describetheway theimageshouldbedisplayed.
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Table 3-7.struct video_window fields

width Thewidth in pixelsof thedesiredimage.
Thecardmayuseasmallersizeif this size
is notavailable

height Theheightof theimage.Thecardmayuse
a smallersizeif this sizeis not available.

x TheX positionof thetop left of the
window. This is in pixelsrelative to theleft
handedgeof thepicture.Not all cardscan
displayimagesalignedon any pixel
boundary. If thepositionis unsuitablethe
cardadjuststheimageright andreducesthe
width.

y TheY positionof thetop left of the
window. This is countedin pixelsrelative
to thetop edgeof thepicture.As with the
width if thecardcannotdisplaystartingon
this line it will adjustthevalues.

chromakey Thecolour(expressedin RGB32format)
for thechromakey colourif chromakeying
is beingused.

clips An arrayof rectanglesthatmustnotbe
drawn over.

clipcount Thenumberof clips in this array.

Eachclip is astructvideo_clipwhichhasthefollowing fields

Table 3-8.video_clip fields

x, y Co-ordinatesrelative to thedisplay

width, height Width andheightin pixels
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next A sparefield for theapplicationto use

Thedriver is requiredto ensureit alwaysdraws in thearearequestedor asmallerarea,
andthatit neverdraws in any of theareasthatareclipped.Thismaywell meanit hasto
leavealone.smallareastheapplicationwishedto bedrawn.

Our examplecarduseschromakey sodoesnothave to addressmostof theclipping.We
will addavideo_window structureto ourglobalvariablesto rememberourparameters,
aswedid with theframebuffer.

case VIDIOCGWIN:
{

if(copy_to_user(arg, &capture_win,
sizeof(capture_win)))

return -EFAULT;
return 0;

}

case VIDIOCSWIN:
{

struct video_window v;
if(copy_from_user(&v, arg, sizeof(v)))

return -EFAULT;
if(v.width > 640 || v.height > 480)

return -EINVAL;
if(v.width < 16 || v.height < 16)

return -EINVAL;
hardware_set_key(v.chromakey);
hardware_set_window(v);
memcpy(&capture_win, &v, sizeof(v));
capture_w = v.width;
capture_h = v.height;
return 0;

}
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BecauseweareusingChromakey our setupis fairly simple.Mostly wehave to check
thevaluesaresaneandloadtheminto thecapturecard.

With all thesetupdonewecannow turnon theactualcapture/overlay. This is done
with theVIDIOCCAPTUREioctl. This takesasingleintegerargumentwhere0 is on
and1 is off.

case VIDIOCCAPTURE:
{

int v;
if(get_user(v, (int *)arg))

return -EFAULT;
if(v==0)

hardware_capture_off();
else
{

if(capture_fb.width == 0
|| capture_w == 0)

return -EINVAL;
hardware_capture_on();

}
return 0;

}

Wegrabtheflag from userspaceandeitherenableor disableaccordingto its value.
Thereis onesmallcornercasewehave to considerhere.Supposethatthecapturewas
requestedbeforethevideowindow or theframebuffer hadbeensetup. In thosecases
therewill beunconfiguredfieldsin our carddata,aswell asunconfiguredhardware
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settings.Wecheckfor this caseandreturnanerrorif theframebuffer or thecapture
window width is zero.

default:
return -ENOIOCTLCMD;

}
}

Wedon’t needto supportany otherioctls,soif wegetthis far, it is time to tell thevideo
layerthatwedon’t now whattheuseris talkingabout.

3.7. Other Functionality
TheVideo4Linuxlayersupportsadditionalfeatures,includingahighperformance
mmap()basedcapturemodeandcapturingpartof theimage.Thesefeaturesareoutof
thescopeof thebook.You shouldhoweverhaveenoughexamplecodeto implement
mostsimplevideo4linuxdevicesfor radioandTV cards.
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Assumptions

Multiple Opens

Thedriverassumesmultipleopensshouldnotbeallowed.A drivercanwork
aroundthis but not cleanly.

API Deficiencies

TheexistingAPI poorly reflectscompressioncapabledevices.Thereareplans
afootto mergeV4L, V4L2 andsomeotherideasinto abetterinterface.
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video_register_device

Name
video_register_device — registervideo4linuxdevices

Synopsis

int video_register_device (struct video_device * vfd, int type);

Arguments

vfd

Videodevicestructurewewantto register

type

typeof device to register

FIXME
needsasemaphoreon2.3.x
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Theregistrationcodeassignsminor numbersbasedon thetyperequested.-ENFILE is
returnedin all thedeviceslotsfor this catetoryarefull. If not thentheminor field is set
andthedriver initialize functionis called(if nonNULL).

Zerois returnedon success.

Valid typesare

VFL_TYPE_GRABBER- A framegrabber

VFL_TYPE_VTX - A teletext device

VFL_TYPE_VBI - Verticalblankdata(undecoded)

VFL_TYPE_RADIO- A radiocard

video_unregister_device

Name
video_unregister_device — unregistera video4linuxdevice

Synopsis

void video_unregister_device (struct video_device * vfd);

Arguments

vfd

thedevice to unregister
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Description
Thisunregistersthepasseddeviceanddeassignstheminor number. Futureopencalls
will bemetwith errors.
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