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Chapter 1. Introduction
Partsof thisdocumentfirst appearedin Linux Magazineunderaninetydayexclusivity.

Video4Linuxis intendedto providea commonprogramminginterfacefor themany TV andcapture
cardsnow on themarket,aswell asparallelport andUSB videocameras.Radio,teletext decodersand
verticalblankingdatainterfacesarealsoprovided.
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Chapter 2. Radio Devices
Thereareawide varietyof radiointerfacesavailablefor PC’s,andthesearegenerallyverysimpleto
program.Thebiggestproblemwith supportingsuchdevicesis normallyextractingdocumentationfrom
thevendor.

Theradiointerfacesupportsa simplesetof controlioctlsstandardisedacrossall radioandtv interfaces.
It doesnot supportreador write, which areusedfor videostreams.Thereasonradiocardsdo not allow
you to readtheaudiostreaminto anapplicationis thatwithoutexceptionthey providea connectionon to
a soundcard.Soundcardscanbeusedto readtheradiodatajust fine.

Registering Radio Devices
TheVideo4linuxcoreprovidesaninterfacefor registeringdevices.Thefirst stepin writing our radio
carddriver 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 */

};

This declaresour video4linuxdevicedriver interface.TheVID_TYPE_valuedefineswhatkind of an
interfaceweare,anddefinesbasiccapabilities.

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

TheVID_HARDWARE_typesareuniqueto eachdevice.Numbersareassignedby
<alan@redhat.com> whendevicedriversaregoingto bereleased.Until thenyoucanpull a suitably
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Chapter 2. Radio Devices

largenumberout of yourhatanduseit. 10000shouldbesafefor a very long timeevenallowing for the
hugenumberof vendorsmakingnew anddifferentradiocardsat themoment.

We declareanopenandcloseroutine,but we do notneedreador write, whichareusedto readandwrite
videodatato or from thecarditself. As we havenoreador write thereis no poll function.

Theprivateinitialise functionis runwhenthedevice is registered.In this driverwe’vealreadydoneall
thework needed.Thefinal pointeris a privatedatapointerthatcanbeusedby thedevicedriver to attach
andretrieveprivatedatastructures.We setthisfield "priv" to NULL for themoment.

Having thestructuredefinedis all verywell but we now needto registerit with thekernel.

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;
}

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 spacewe areaboutto
fiddlewith doesn’t belongto someotherdriver. If it is we leavewell alone.If theusergivestheaddress
of thewrongdevice thenwe will spotthis.Thesepolicieswill generallyavoid crashingthemachine.

Now we asktheVideo4Linuxlayerto registerthedevice for us.We handit our carefullydesigned
video_devicestructureandalsotell it whichgroupof deviceswe wantit registeredwith. In this case
VFL_TYPE_RADIO.

Thetypesavailableare

Table 2-1.DeviceTypes
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Chapter 2. Radio Devices

VFL_TYPE_RADIO /dev/radio{n} Radiodevicesareassignedin this
block.As with all of these
selectionstheactualnumber
assignmentis doneby thevideo
layeraccordijngto whatis free.

VFL_TYPE_GRABBER /dev/video{n} Videocapturedevicesandalso–
counter-intuitively for thename–
hardwarevideoplaybackdevices
suchasMPEG2cards.

VFL_TYPE_VBI /dev/vbi{n} TheVBI devicescapturethe
hiddenlineson a televisionpicture
thatcarryfurtherinformationlike
closedcaptiondata,teletext
(primarily in Europe)andnow
IntercastandtheATVEC internet
televisionencodings.

VFL_TYPE_VTX /dev/vtx[n} VTX is ’V ideotext’ alsoknown as
’Teletext’. This is a systemfor
sendingnumbered,40x25,mostly
textualpageimagesover the
hiddenlines.Unlike the/dev/vbi
interfaces,this is for ’smart’
decoderchips.(Theuseof the
wordsmartherehasto betakenin
context, thesmartestteletext chips
arefairly dumbpiecesof
technology).

We aremostdefinitelya radio.

Finally we allocateour I/O spacesothatnobodytreadson usandreturn0 to signify generalhappiness
with thestateof theuniverse.

Opening And Closing The Radio
Thefunctionswedeclaredin ourvideo_devicearemostlyverysimple.Firstly we candropin 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 opentime weneedto do nothingbut checkif someoneelseis alsousingtheradiocard.If nobodyis
usingit wemakea notethatweareusingit, thenweensurethatnobodyunloadsourdriveron us.

static int radio_close(struct video_device *dev)
{

users-;
MOD_DEC_USE_COUNT;

}

At closetime wesimply needto reducetheusercountandallow themoduleto becomeunloadable.

If you aresharpyou will havenoticedneithertheopennor thecloseroutinesattemptto resetor change
theradiosettings.This is intentional.It allowsanapplicationto setup theradioandexit. It avoidsauser
having to leaveanapplicationrunningall thetime just to listento theradio.

The Ioctl Interface
This leavestheioctl routine,without which thedriverwill not beterribly usefulto anyone.

static int radio_ioctl(struct video_device *dev, unsigned int cmd, void *arg)
{

switch(cmd)
{

case VIDIOCGCAP:
{

struct video_capability v;
v.type = VID_TYPE_TUNER;
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Chapter 2. Radio Devices

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;

}

VIDIOCGCAP is thefirst ioctl all video4linuxdevicesmustsupport.It allows theapplicationsto find
out whatsortof a cardthey have foundandto figureout whatthey wantto do aboutit. Thefieldsin the
structureare

Table 2-2.struct video_capability fields

name Thedevice text name.This is intendedfor theuser.

channels Thenumberof differentchannelsyoucantuneon
this card.It couldevenby zerofor a cardthathasno
tuningcapability. For oursimpleFM radioit is 1.
An AM/FM radiowould report2.

audios Thenumberof audioinputson this device.For our
radiothereis only oneaudioinput.

minwidth,minheight Thesmallestsizethecardis capableof capturing
imagesin. We settheseto zero.Radiosdo not
capturepictures

maxwidth,maxheight Thelargestimagesizethecardis capableof
capturing.For our radiowe report0.

type This reportsthecapabilitiesof thedevice,and
matchesthefield wefilled in in thestruct
video_devicewhenregistering.

Having filled in thefields,we usecopy_to_userto copy thestructureinto theusersbuffer. If thecopy
failswe returnanEFAULT to theapplicationsothatit knows it tried to feedusgarbage.

Thenext pairof ioctl operationsselectwhich tuneris to beusedandlet theapplicationfind thetuner
properties.We haveonly a singleFM bandtunerin our exampledevice.
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case VIDIOCGTUNER:
{

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

return -EFAULT;
if(v.tuner)

return -EINVAL;
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;

}

TheVIDIOCGTUNERioctl allowsapplicationsto querya tuner. Theapplicationsetsthetunerfield to
thetunernumberit wishesto query. Thequerydoesnot changethetunerthatis beingused,it merely
enquiresaboutthetunerin question.

We haveexactlyonetunersoaftercopying theuserbuffer to our temporarystructurewecomplainif 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

u16signal Thesignalstrengthscaledbetween0 and65535.If
a devicecannottell thesignalstrengthit should
report65535.Many simplecardscontainonly a
signal/nosignalbit. Suchcardswill reporteither0
or 65535.
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Chapter 2. Radio Devices

u32rangelow, rangehigh Therangeof frequenciessupportedby theradioor
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 a MHz steps

VIDEO_TUNER_NORM Thetunercansetits format

VIDEO_TUNER_STEREO_ON Thetuneris currentlyreceiving astereosignal

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 thatdoesnotneedto do TV format
switching

Thesettingsfor theradiocardarethusfairly simple.We reportthatwe area tunercalled"FM" for FM
radio.In orderto getthebesttuningresolutionwe reportVIDEO_TUNER_LOW andselecttuningto
1/16thof KHz. Its unlikely our cardcando thatresolutionbut it is a fair betthecardcando betterthan
1/16thof a MHz. VIDEO_TUNER_LOW is appropriateto almostall radiousage.

We reportthatthetunerautomaticallyhandlesdecidingwhatformatit is receiving - trueenoughasit
only handlesFM radio.Our examplecardis alsoincapableof detectingstereoor signalstrengthssoit
reportsastrengthof 0xFFFF(maximum)andno stereodetected.

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

Theapplicationalsoneedsto beableto setthetunerit wishesto use.In ourcase,with asingletunerthis
is rathersimpleto arrange.
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case VIDIOCSTUNER:
{

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

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

return -EINVAL;
return 0;

}

We copy theusersuppliedstructureinto kernelmemorysowecanexamineit. If theuserhasselecteda
tunerotherthanzerowe rejecttherequest.If they wantedtuner0 then,suprisinglyenough,thatis the
currenttuneralready.

Thenext two ioctls weneedto provideareto getandsetthefrequency of theradio.Thesebothusean
unsignedlongargumentwhich is thefrequency. Thescaleof thefrequency dependson the
VIDEO_TUNER_LOW flagasI mentionedearlieron.SincewehaveVIDEO_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 ourcaseis relatively simple.Our radiocardis too dumbto let usquerythe
signalstrengthsowe rememberoursettingif we know it. All we have 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;
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current_freq = freq;
return 0;

}

Settingthefrequency is a little morecomplex. We begin by copying thedesiredfrequency into kernel
space.Next we call a hardwarespecificroutineto settheradioup.This mightbeassimpleassome
scalinganda few writesto anI/O port.For mostradiocardsit turnsout a gooddealmorecomplicated
andmayinvolveprogrammingthingslikeaphaselockedloopon thecard.This is whatdocumentationis
for.

Thefinal setof operationswe needto provide for our radioarethevolumecontrols.Not all radiocards
canevendovolumecontrol.After all thereis a perfectlygoodvolumecontrolon thesoundcard.We will
assumeour radiocardhasa simple4 stepvolumecontrol.

Therearetwo ioctls with audiowe needto 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 theuser
hasaskedfor a valid audioinput.We haveonly input 0 andwepuntif they askfor anotherinput.

Thenwefill in thevideo_audiostructure.Thishasthefollowing format

14



Chapter 2. Radio Devices

Table 2-6.struct video_audiofields

audio Theinput theuserwishesto query

volume Thevolumesettingon a scaleof 0-65535

base Thebaselevel on a scaleof 0-65535

treble Thetreblelevel on ascaleof 0-65535

flags Thefeaturesthisaudiodevicesupports

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

mode Thecurrentreceptionmodefor theaudioWe report
MONO becauseour cardis too stupidto know if it
is in monoor stereo.

balance Thestereobalanceon a scaleof 0-65535,32768is
middle.

step Thestepby which thevolumecontroljumps.This
is usedto helpmake it easyfor applicationsto set
sliderbehaviour.

Table 2-7.struct video_audioflags

VIDEO_AUDIO_MUTE Theaudiois currentlymuted.We couldfake this in
our driverbut wechoosenot to bother.

VIDEO_AUDIO_MUTABLE Theinput hasa muteoption

VIDEO_AUDIO_TREBLE Theinput hasa treblecontrol

VIDEO_AUDIO_BASS Theinput hasa basecontrol

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 thestructurewe copy it backto userspace.

TheVIDIOCSAUDIO ioctl allows theuserto settheaudioparametersin thevideo_audiostucture.The
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driverdoesits 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. Notethatwecould
pretendto havea mutefeatureby 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;
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;

}

This with thecorrespondingchangesto theVIDIOCGAUDIO codeto reportthestateof themuteflag
we saveandto reportthecardhasa mutefunction,will allow applicationsto usea mutefacility with this
card.It is questionablewhetherthis is agoodideahowever. Userapplicationscanalreadyfake this
themselvesandkernelspaceis precious.

We now haveaworking radioioctl handler. Sowe justwrapup thefunction
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}
return -ENOIOCTLCMD;

}

andpasstheVideo4Linuxlayerbackanerrorsothatit knowswe did not understandtherequestwe got
passed.

Module Wrapper
Finally we addin theusualmodulewrappingandthedriver is done.

#ifndef MODULE

static int io = 0x300;

#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)
{

17



Chapter 2. Radio Devices

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

}

#endif

In this examplewesettheIO baseby default if thedriver is compiledinto thekernelwhereyoucannot
passa parameter. For themodulewe requiretheusersetstheparameter. We setio to a nonsenseport (-1)
sothatwe cantell if theusersuppliedanio parameteror not.

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

Theclean-uproutineunregistersthevideo_deviceweregistered,andfreesup theI/O space.Notethatthe
unregistertakestheactualvideo_devicestructureasits argument.Unlike thefile operationsstructure
which canbesharedby all instancesof a devicea video_devicestructureasanactualinstanceof the
device. If you areregisteringmultiple radiodevicesyouneedto fill in onestructureperdevice (most
likely by settingup a templateandcopying it to eachof theactualdevicestructures).

18



Chapter 3. Video Capture Devices

Video Capture Device Types
Thevideocapturedevicessharethesameinterfacesasradiodevices.In orderto explain thevideo
captureinterfaceI will usetheexampleof a camerathathasno tunersor audioinput.Thiskeepsthe
examplerelatively clean.To getbothcombinethetwo driverexamples.

Videocapturedevicesdivide into four categories.A little technologybackgrounder. Full motionvideo
evenat television resolution(which is actuallyfairly low) is prettyresource-intensive.Youare
continuallypassingmegabytesof dataeverysecondfrom thecapturecardto thedisplay. several
alternativeapproacheshaveemergedbecausecopying this throughtheprocessorandtheuserprogramis
a particularlybadidea.

Thefirst is to addthetelevision imageontothevideooutputdirectly. This is alsohow some3D cards
work. Thesebasiccardscangenerallydropthevideointo any chosenrectangleof thedisplay. Cardslike
this,which includemostmpeg1cardsthatusedthefeatureconnector, aren’t very friendly in a
windowing environment.They don’t understandwindowsor clipping.Thevideowindow is alwayson
thetop of thedisplay.

Chromakeying is a techniqueusedby cardsto getaroundthis. It is anold television mixing trick where
you markall theareasyouwish to replacewith a singleclearcolourthatisn’t usedin theimage- TV
peopleuseanincrediblybrightbluewhile computingpeopleoftenusea paticularlyvirulentpurple.
Bright blueoccurson thedesktop.Anyonewith virulentpurplewindowshasanotherproblembesides
theirTV overlay.

Thethird approachis to copy thedatafrom thecapturecardto thevideocard,but to do it directly across
thePCI bus.This relievestheprocessorfrom doingthework but doesrequiresomesmartnesson thepart
of thevideocapturechip,aswell asasuitablevideocard.Programmingthis kind of cardandmoreso
debuggingit canbeextremelytricky. Therearesomequitecomplicatedinteractionswith thedisplayand
you mayalsohaveto copewith variouschipsetbugsthatshow up whenPCI cardsstarttalking to each
other.

To keepour examplefairly simplewe will assumea cardthatsupportsoverlayinga flat rectangular
imageontotheframebuffer output,andwhich canalsocapturestuff into processormemory.

Registering Video Capture Devices
This timewe needto addmorefunctionsfor ourcameradevice.

static struct video_device my_camera
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{
"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 */

};

We needa read()functionwhich is usedfor capturingdatafrom thecard,andwe needa poll functionso
thatadrivercanwait for thenext frameto becaptured.

Weusetheextravideocapabilityflagsthatdid notapplyto theradiointerface.Thevideorelatedflagsare

Table 3-1.CaptureCapabilities

VID_TYPE_CAPTURE We supportimagecapture

VID_TYPE_TELETEXT A teletext capturedevice (vbi{n])

VID_TYPE_OVERLAY Theimagecanbedirectlyoverlaidontotheframe
buffer

VID_TYPE_CHROMAKEY Chromakey canbeusedto selectwhichpartsof the
imageto display

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

VID_TYPE_FRAMERAM Thevideocapturegoesinto thevideomemoryand
actuallychangesit. Applicationsneedto know this
sothey cancleanup afterthecard

VID_TYPE_SCALES Theimagecanbescaledto varioussizes,rather
thanbeinga singlefixedsize.

VID_TYPE_MONOCHROME Thecapturewill bemonochrome.This isn’t a
completeanswerto thequestionsincea mono
cameraon acolourcapturecardwill still produce
monooutput.
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VID_TYPE_SUBCAPTURE Thecardallowsonly partof its field of view to be
captured.Thisenablesapplicationsto avoid copying
all of a largeimageinto memorywhenonly some
sectionis relevant.

We setVID_TYPE_CAPTUREsothatweareseenasa capturecard,VID_TYPE_CHROMAKEY so
theapplicationknows it is time to draw in virulentpurple,andVID_TYPE_SCALESbecausewe canbe
resized.

Our setupis fairly similar. This timewe alsowantaninterruptline for the’framecaptured’signal.Not
all cardshave thissosomeof themcannothandlepoll().

static int io = 0x320;
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.We specifyVFL_TYPE_GRABBERthis timeas
we wantto beallocateda /dev/videoname.

Opening And Closing The Capture Device

static int users = 0;
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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++;
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 thatwe now requestan
interruptfor thecameradevice interruptline. If we cannotgettheinterruptwe reportEBUSY to the
applicationandgiveup.

Interrupt Handling
Our examplehandleris for anISA busdevice. If it wasPCI you wouldbeableto sharetheinterruptand
would havesetSA_SHIRQto indicateasharedIRQ. We passthedevicepointerastheinterruptroutine
argument.We don’t needto sinceweonly supportonecardbut doingthis will make it easierto upgrade
thedriver for multipledevicesin thefuture.

Our interruptroutineneedsto do little if we assumethecardcansimply queueoneframeto bereadafter
it 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)

{
capture_ready=1;
wake_up_interruptible(&capture_wait);
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}

Theinterrupthandleris niceandsimplefor this cardaswe areassumingthecardis buffering theframe
for us.This meanswe have little to do but wakeup anybodyinterested.We alsoseta capture_readyflag,
aswe maycapturea framebeforeanapplicationneedsit. In thiscaseweneedto know thata frameis
ready. If wehadto collecttheframeon theinterruptlife would bemorecomplex.

Thetwo new routinesweneedto supplyarecamera_readwhich returnsa frame,andcamera_pollwhich
waitsfor 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.This will causethetaskto bewokenupby our
camera_irqroutine.We checkcapture_readto seeif thereis animagepresentandif soreportthatit is
readable.

Reading The Video Image

static long camera_read(struct video_device *dev, char *buf,
unsigned long count)

{
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)
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{
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 thingwehaveto do is to ensurethattheapplicationwaitsuntil thenext frameis ready. Thecode
hereis almostidenticalto themousecodewe usedearlierin this chapter. It is oneof thecommon
building blocksof Linux devicedrivercodeandprobablyonewhich youwill find occursin any drivers
you write.

We wait for a frameto beready, or for a signalto interruptour waiting. If a signaloccursweneedto
returnfrom thesystemcall sothatthesignalcanbesentto theapplicationitself. We alsocheckto seeif
theuseractuallywantedto avoid waiting - ie if they areusingnon-blockingI/O andhaveotherthingsto
geton with.

Next we copy thedatafrom thecardto theuserapplication.This is rarelyaseasyasour examplemakes
out.We will addcapture_w, andcapture_hhereto hold thewidth andheightof thecapturedimage.We
assumethecardonly supports24bitRGB for 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++)
{
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put_user(inb(io+IMAGE_DATA), ptr);
ptr++;

}

hardware_restart_capture();

return i;
}

For a realhardwaredeviceyouwould try to avoid theloop with put_user().Eachcall to put_user()hasa
time overheadcheckingwhethertheaccessesto userspaceareallowed.It would bebetterto reada line
into a temporarybuffer thencopy this to userspacein onego.

Having capturedtheimageandput it into userspacewecankick thecardto getthenext frameacquired.

Video Ioctl Handling
As with theradiodriver themajorcontrolinterfaceis via theioctl() function.Videocapturedevices
supportthesametunercallsasa radiodeviceandalsosupportadditionalcallsto controlhow thevideo
functionsarehandled.In this simpleexamplethecardhasno 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;
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strcpy(v.name, "My Camera");
if(copy_to_user(arg, &v, sizeof(v)))

return -EFAULT;
return 0;

}

Thefirst ioctl we mustsupportandwhichall videocaptureandradiodevicesarerequiredto supportis
VIDIOCGCAP. This behavesexactly thesameaswith a radiodevice.This time,however, we reportthe
extra capabilitiesweoutlinedearlieron whendefiningour video_dev structure.

We now setthevideoflagssayingthatwe supportoverlay, capture,scalingandchromakey. We also
reportsizelimits - our smallestimageis 16x16pixels,our largestis 640x480.

To keepthingssimplewe reportno audioandno 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 a
kernelspacevariableandwecheckthattherequestis valid (in this casethattheinput is 0). Finally we
copy thecamerainfo backto theuser.

TheVIDIOCGCHAN ioctl allowsa userto askaboutvideochannels(thatis inputsto thevideocard).
Our examplecardhasa singlecamerainput.Thefieldsin thestructureare
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Table 3-2.struct video_channelfields

channel Thechannelnumberwe areselecting

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

flags Channelproperties

type Input type

norm Thecurrenttelevision encodingbeingusedif
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

VIDEO_MODE_NTSC NTSC(US)encodedTelevision

VIDEO_MODE_SECAM SECAM (French)Televison

VIDEO_MODE_AUTO Automaticswitching,or formatdoesnot matter

ThecorrespondingVIDIOCSCHAN ioctl allowsa userto changechannelandto requestthenormis
changed- for exapleto switchbetweena PAL or anNTSCformatcamera.

case VIDIOCSCHAN:
{

struct video_channel v;
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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 ourdriver is remarkablyeasy. Becauseweareassumingfixedformat
hardwarewe needonly checkthattheuserhasnot tried to changeanything.

Theuseralsoneedsto beableto configureandadjustthepicturethey areseeing.This is muchlike
adjustinga television set.A userapplicationalsoneedsto know thepalettebeingusedsothatit knows
how to displaytheimagethathasbeencaptured.TheVIDIOCGPICTandVIDIOCSPICTioctl calls
providethis information.

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 aconventional
television.Whitenessprovidesadditionalcontrolfor greyscaleimages.All of thesevaluesarescaled
between0-65535andhave32768asthemid point setting.Thescalingmeansthatapplicationsdo not
have to worry aboutthecapabilityrangeof thehardwarebut canlet it makeabesteffort attempt.
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Our depthis 24,asthis is in bits.We will bereturingRGB24format.Thishasonebyteof red,thenone
of green,thenoneof blue.This thenrepeatsfor everyotherpixel in theimage.Theothercommon
formatstheinterfacedefinesare

Table 3-6.Framebuffer Encodings

GREY Lineargreyscale.This is for simplecamerasand
thelike

RGB565 Thetop 5 bits hold32 redlevels,thenext six bits
hold greenandthelow 5 bits holdblue.

RGB555 Thetop bit is clear. Theredgreenandbluelevels
eachoccupy fivebits.

Additionalmodesaresupportfor YUV captureformats.Thesearecommonfor TV andvideo
conferencingapplications.

TheVIDIOCSPICTioctl allowsa userto setsomeof thepictureparameters.Exactlywhichonesare
supporteddependsheavily on thecarditself. It is possibleto supportmany modesandeffectsin
software.In generaldoingthis in thekernelis a badidea.Videocaptureis a performance-sensitive
applicationandtheprogramscanoftendo betterif they aren’t being’helped’by anoverkeendriver
writer. Thusfor ourdevicewewill 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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We checktheuserhasnot tried to changethepaletteor thedepth.We do not wantto carryout someof
thechangesandthenreturnanerror. Thismayconfusetheapplicationwhichwill beassumingnochange
occurred.

In muchthesamewayasyouneedto beableto setthepicturecontrolsto gettheright captureimages,
many cardsneedto know whatthey aredisplayingontowhengeneratingoverlayoutput.In somecases
gettingthiswrongevenmakesa nastymessor maycrashthecomputer. For thatreasonthe
VIDIOCSBUF ioctl usedto setup theframebuffer informationmaywell only beusableby root.

We will assumeourcardis oneof theold ISA deviceswith featureconnectorandonly supportsa couple
of standardvideomodes.Verycommonfor oldercardsalthoughthePCI devicesarewaysmarterthan
this.

static struct video_buffer capture_fb;

case VIDIOCGFBUF:
{

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

return -EFAULT;
return 0;

}

We keeptheframebuffer informationin theformattheioctl uses.This makesit niceandeasyto work
with in theioctl calls.

case VIDIOCSFBUF:
{

struct video_buffer v;

if(!capable(CAP_SYS_ADMIN))
return -EPERM;

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

}

Thecapable()functionchecksauserhastherequiredcapability. TheLinux operatingsystemhasa setof
about30 capabilitiesindicatingprivilegedaccessto services.Thedefaultsetup givesthesuperuser(uid
0) all of themandnobodyelsehasany.

We checkthattheuserhastheSYS_ADMIN capability, thatis they areallowedto operateasthe
machineadministrator. We don’t wantanyonebut theadministratormakinga messof thedisplay.

Next we checkfor standardPCvideomodes(320or 640widewith eitherEGA or VGA depths).If the
modeis not astandardvideomodewerejectit asnotsupportedby ourcard.If themodeis acceptablewe
save it sothatVIDIOCFBUF will give theright answernext time it is called.Thehardware_set_fb()
functionis someundescribedcardspecificfunctionto programthecardfor thedesiredmode.

Beforethedrivercandisplayanoverlaywindow it needsto know wherethewindow shouldbeplaced,
andalsohow largeit shouldbe.If thecardsupportsclipping it needsto know which rectanglesto omit
from thedisplay. Thevideo_window structureis usedto describetheway theimageshouldbedisplayed.

Table 3-7.struct video_window fields

width Thewidth in pixelsof thedesiredimage.Thecard
mayuseasmallersizeif thissizeis not available

height Theheightof theimage.Thecardmayusea
smallersizeif this sizeis notavailable.

x TheX positionof thetop left of thewindow. This is
in pixelsrelative to theleft handedgeof thepicture.
Not all cardscandisplayimagesalignedon any
pixel boundary. If thepositionis unsuitablethecard
adjuststheimageright andreducesthewidth.

y TheY positionof thetop left of thewindow. This is
countedin pixelsrelative to thetop edgeof the
picture.As with thewidth if thecardcannotdisplay
startingon this line it will adjustthevalues.
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chromakey Thecolour(expressedin RGB32format)for the
chromakey colourif chromakeying is beingused.

clips An arrayof rectanglesthatmustnotbedrawn over.

clipcount Thenumberof clips in this array.

Eachclip is a structvideo_clipwhichhasthefollowing fields

Table 3-8.video_clipfields

x, y Co-ordinatesrelative to thedisplay

width, height Width andheightin pixels

next A sparefield for theapplicationto use

Thedriver is requiredto ensureit alwaysdrawsin thearearequestedor asmallerarea,andthatit never
draws in any of theareasthatareclipped.Thismaywell meanit hasto leavealone.smallareasthe
applicationwishedto bedrawn.

Our examplecarduseschromakey sodoesnot have to addressmostof theclipping.We will adda
video_window structureto ourglobalvariablesto rememberourparameters,aswedid with theframe
buffer.

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

}

BecauseweareusingChromakey oursetupis fairly simple.Mostly we haveto checkthevaluesaresane
andloadtheminto thecapturecard.

With all thesetupdonewecannow turn on theactualcapture/overlay. This is donewith the
VIDIOCCAPTUREioctl. 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;

}

We grabtheflag from userspaceandeitherenableor disableaccordingto its value.Thereis onesmall
cornercasewehaveto considerhere.Supposethatthecapturewasrequestedbeforethevideowindow or
theframebuffer hadbeensetup. In thosecasestherewill beunconfiguredfieldsin ourcarddata,aswell
asunconfiguredhardwaresettings.We checkfor this caseandreturnanerrorif theframebuffer or the
capturewindow width is zero.

default:
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return -ENOIOCTLCMD;
}

}

We don’t needto supportany otherioctls,soif we getthis far, it is time to tell thevideolayerthatwe
don’t now whattheuseris talkingabout.

Other Functionality
TheVideo4Linuxlayersupportsadditionalfeatures,includingahighperformancemmap()basedcapture
modeandcapturingpartof theimage.Thesefeaturesareout of thescopeof thebook.You should
howeverhaveenoughexamplecodeto implementmostsimplevideo4linuxdevicesfor radioandTV
cards.
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Multiple Opens

Thedriverassumesmultiple opensshouldnot beallowed.A drivercanwork aroundthisbut not
cleanly.

API Deficiencies

TheexistingAPI poorly reflectscompressioncapabledevices.Thereareplansafootto mergeV4L,
V4L2 andsomeotherideasinto a betterinterface.
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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
needsa semaphoreon 2.3.x

Theregistrationcodeassignsminornumbersbasedon thetyperequested.-ENFILE is returnedin all the
deviceslotsfor this categoryarefull. If not thentheminorfield is setandthedriver 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
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video_unregister_device

Name video_unregister_device — unregisteravideo4linuxdevice

Synopsis

void video_unregister_device (struct video_device * vfd);

Arguments

vfd

thedevice to unregister

Description
This unregistersthepasseddeviceanddeassignstheminornumber. Futureopencallswill bemetwith
errors.
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