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Chapter 1. Introduction

Partsof this documenfirst appearedhn Linux Magazineundera ninety day excluswity.

Video4Linuxis intendedo provide acommonprogrammingnterfacefor themary TV
andcapturecardsnow on the market, aswell asparallelportandUSB videocameras.
Radio,teletext decodersandverticalblankingdatainterfacesarealsoprovided.



Chapter 2. Radio Devices

Thereareawide variety of radiointerfacesavailablefor PC’s, andthesearegenerally
very simpleto program.Thebiggestproblemwith supportingsuchdevicesis normally
extractingdocumentatiorirom thevendor

Theradiointerfacesupportsa simplesetof controlioctls standardisedcrossll radio
andtv interfaceslt doesnot supportreador write, which areusedfor videostreams.
Thereasorradiocardsdo not allow you to readthe audiostreaminto anapplicationis
thatwithout exceptionthey provide a connectioronto a soundcardSoundcardsanbe
usedto readtheradiodatajustfine.

2.1. Reqgistering Radio Devices

TheVideo4linuxcoreprovidesaninterfacefor registeringdevices. Thefirst stepin
writing our radiocarddriveris to registerit.

static struct video_device ny_radio

{

"My radio”,

VI D_TYPE_TUNER

VI D_ HARDWARE MYRADI O

radi o_open.

radi o_cl ose,

NULL, /* no read */

NULL, [* no wite */

NULL, /* no poll */

radi o_ioctl,

NULL, /* no special init function */

NULL /[* no private data */
b
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This declaresourvideo4linuxdevice driverinterface. TheVID_TYPE_ valuedefines
whatkind of aninterfacewe are,anddefinesbasiccapabilities.

Theonly definedvaluerelevantfor aradiocardis VID_TYPE_TUNERwhich
indicateshatthe device canbetuned.Clearlyourradiois goingto have someway to
changechannekoit is tuneable.

TheVID_HARDWARE _typesareuniqueto eachdevice. Numbersareassignedy

<al an@ edhat . con®> whendevice driversaregoingto bereleaseduUntil thenyou
canpull a suitablylarge numberout of your hatanduseit. 10000shouldbe safefor a
verylong time evenallowing for the hugenumberof vendorsmakingnew anddifferent
radio cardsatthe moment.

We declareanopenandcloseroutine,but we do not needreador write, which areused
to readandwrite videodatato or from the carditself. As we have noreador write there
is no poll function.

The privateinitialise functionis runwhenthe device is registeredIn this driverwe've
alreadydoneall thework neededThefinal pointeris a privatedatapointerthatcanbe
usedby the device driver to attachandretrieve privatedatastructuresWe setthis field
"priv" to NULL for themoment.

Having the structuredefinedis all very well but we now needto registerit with the
kernel.

static int io = 0x320;

int __init nyradio_ init(struct video_init *v)
{
i f(check_region(io, MY_IO SIZE))
{
pri nt k( KERN_ERR
"nyradi o: port Ox%®3X is in use.\n", i0);
return - EBUSY;
}
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i f(video_device_register(&y_radio, VFL_TYPE RADI O ==-1)
return -ElI NVAL;

request _region(io,

return O;

MY_I O_SI ZE,

"nyradi 0") ;

Thefirst stageof theinitialisation,asis normallythe casejs to checkthatthe l/O space
we areaboutto fiddle with doesnt belongto someotherdriver. If it is we leave well
alone.If theusergivesthe addres®f thewrongdevice thenwe will spotthis. These

policieswill generallyavoid crashinghe machine.

Now we askthe Video4Linuxlayerto registerthedevice for us.We handit our
carefullydesignediideo_deice structureandalsotell it which groupof deviceswe

wantit registeredwith. In this caseVFL_TYPE_RADIO.

Thetypesavailableare

Table 2-1. Device Types

VFL_TYPE_RADIO

/deviradio{n}

Radiodevicesareassigned
in this block. As with all of
theseselectiongheactual
numberassignmenis done
by thevideolayeraccordijng
to whatis free.

VFL_TYPE_GRABBER

/devivideo{n}

Videocapturedevicesand
also— counterintuitively for
thename— hardwarevideo
playbackdevicessuchas

MPEG2cards.
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VFL_TYPE_VBI

/devivbi{n}

TheVBI devicescapturethe
hiddenlineson atelevision
picturethatcarryfurther
informationlik e closed
captiondata,teletext
(primarily in Europe)and
now Intercastandthe
ATVEC internettelevision
encodings.

VFL_TYPE_VTX

/devivtx[n}

VTX is'Videotet’ also
known as'Teletet’. Thisis
a systemfor sending
numbered40x25,mostly
textual pageimagesoverthe
hiddenlines.Unlike the
dev/vbi interfacesthisis for|
"'smart’decoderchips.(The
useof theword smarthere
hasto betakenin context,
thesmartesteletet chips
arefairly dumbpiecesof

technology).

We aremostdefinitelyaradio.

Finally we allocateour I/0O spacesothatnobodytreadson usandreturn0 to signify

generahappinessvith the stateof the universe.

2.2. Opening And Closing The Radio

Thefunctionswe declaredn ourvideo_de&ice aremostlyvery simple.Firstly we can
dropin whatis basicallystandardcodefor openandclose.
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static int users = 0O;

static int radi o_open(stuct video_device *dev, int flags)

{

i f (users)

return - EBUSY;
user s++;
MOD_| NC_USE_COUNT;
return O;

At opentime we needto do nothingbut checkif someoneelseis alsousingtheradio
card.If nobodyis usingit we make a notethatwe areusingit, thenwe ensurethat
nobodyunloadsour driveronus.

static int radio_close(struct video_device *dev)

{

users-;
MOD_DEC_USE_COUNT,

At closetime we simply needto reducethe usercountandallow the moduleto become
unloadable.

If you aresharpyouwill have noticedneitherthe opennor the closeroutinesattemptto
resetor changeheradiosettings.Thisis intentional.lt allows anapplicationto setup
theradioandexit. It avoidsa userhaving to leave anapplicationrunningall thetime
justto listento theradio.
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2.3. The loctl Interface

This leavestheioctl routine,without whichthedriverwill notbeterribly usefulto
arnyone.

static int radio_ioctl(struct video_device *dev, un-
signed int cnd, void *arg)
{
swi t ch(cnd)
{
case VI DI OCGCAP
{
struct video_capability v;
v.type = VI D _TYPE_TUNER
v. channel s 1;
v. audi os =
V. maxwi dt h
Vv
%
%

e

0;
0;

. mnw dth
. maxhei ght
. m nhei ght
strcpy(v.nane, "My Radi0");
if(copy to user(arg, &v, sizeof(v)))
return - EFAULT;
return O;

:O,
:O,

VIDIOCGCAP s thefirstioctl all video4linuxdevicesmustsupportIt allowsthe
applicationgo find outwhatsortof a cardthey have foundandto figure out whatthey
wantto do aboutit. Thefieldsin thestructureare

Table 2-2. struct video_capability fields

11
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name

Thedevice text name.Thisis intendedfor
theuser

channels

The numberof differentchannels/ou can
tuneonthis card.It couldevenby zerofor
a cardthathasno tuning capability For our
simpleFM radioit is 1. An AM/FM radio
would report2.

audios

The numberof audioinputson this device.
For ourradiothereis only oneaudioinput.

minwidth,minheight

Thesmallestsizethe cardis capableof
capturingimagesn. We settheseto zero.
Radiosdo not capturepictures

maxwidth,maxheight

Thelargestimagesizethe cardis capable
of capturing.For our radiowe report0.

type

This reportsthe capabilitiesof the device,
andmatcheghefield wefilled in in the
structvideo_d&ice whenregistering.

Having filled in thefields,we usecopy_to_usetto copy the structureinto theusers
buffer. If the copy fails we returnanEFAULT to the applicationsothatit knowsit tried

to feedusgarbage.

Thenext pair of ioctl operationselectwhich tuneris to be usedandlet theapplication
find thetunerpropertiesWe have only a singleFM bandtunerin our exampledevice.

case VI DI OCGTUNER:

{

12

struct video_tuner v;
i f(copy_fromuser(&, arg, sizeof(v))!=0)

return - EFAULT,;

i f(v.tuner)

return -ElI NVAL;
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. rangel ow=(87*16000) ;

. rangehi gh=(108*16000) ;

.flags = VI DEO TUNER LOW

. mode = VI DEO MODE_AUTO,

.signal = OxFFFF;

strcpy(v. nanme, "FM);

if(copy_ to user(&, arg, sizeof(v))!=0)
return - EFAULT;

return O;

< < < < <

TheVIDIOCGTUNER ioctl allows applicationdo queryatuner Theapplicationsets
thetunerfield to thetunernumberit wishesto query Thequerydoesnot changehe
tunerthatis beingused,t merelyenquiresaboutthe tunerin question.

We have exactly onetunersoaftercopying the userbuffer to ourtemporarystructure
we complainif they askedfor atunerotherthantunerO.

Thevideo_tunestructurehasthefollowing fields

Table 2-3. struct video_tunerfields

int tuner The numberof thetunerin question

charname[32] A text descriptionof thistuner "FM" will
dofine. Thisis intendedor theapplication.

u32flags Tunercapabilityflags

ulémode Thecurrentreceptionmode

13
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ul6signal

Thesignalstrengthscaledbetweer0 and
65535.If adevice cannottell thesignal
strengthit shouldreport65535.Many
simplecardscontainonly a signal/nosignal
bit. Suchcardswill reporteither0 or
65535.

u32rangelav, rangehigh

Therangeof frequenciesupportedy the
radioor TV. It is scaledaccordingo the
VIDEO_TUNER_LOW flag.

Table 2-4. struct video_tunerflags

VIDEO_TUNER_RAL

A PAL TV tuner

VIDEO_TUNER_NTSC

An NTSC(US) TV tuner

VIDEO_TUNER_SECAM

A SECAM (French)TV tuner

VIDEO_TUNER_LON

Thetunerfrequeng is scaledn 1/16thof
a KHz stepslf notit isin 1/16thof aMHz
steps

VIDEO_TUNER_NORM

Thetunercansetits format

VIDEO_TUNER_STEREO_ON

Thetuneris currentlyreceving astereo

signal

Table 2-5. struct video_tunermodes

VIDEO_MODE_FRAL PAL Format
VIDEO_MODE_NTSC NTSCFormat(USA)
VIDEO_MODE_SECAM FrenchFormat

VIDEO_MODE_AUTO

A devicethatdoesnotneedto do TV
formatswitching
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Thesettingsfor theradio cardarethusfairly simple.We reportthatwe areatuner
called"FM" for FM radio.In orderto getthe besttuningresolutionwe report
VIDEO_TUNER_LOW andselecttuningto 1/16thof KHz. Its unlikely our cardcan
dothatresolutionbut it is afair betthe cardcando betterthan1/16thof a MHz.
VIDEO_TUNER_LOW is appropriatgo almostall radiousage.

We reportthatthetunerautomaticallyhandlesdecidingwhatformatit is receving -
trueenoughasit only handles=M radio. Our examplecardis alsoincapableof
detectingstereoor signalstrengthssoit reportsa strengthof OxFFFF(maximum)and
no stereadetected.

To finish off we settherangethatcanbetunedto be 87-108Mhz the normalFM
broadcastadiorange.lt is importantto find out whatthe cardis actuallycapableof
tuning.It is easyenoughto simply usethe FM broadcastange . Unfortunatelyif youdo
thisyouwill discoverthe FM broadcastangesn the USA, EuropeandJaparareall

subtly differentandsomeuserscannotreceve all the stationsthey wish.

Theapplicationalsoneedgo be ableto setthetunerit wishesto use.ln our casewith a
singletunerthis is rathersimpleto arrange.

case VI DI OCSTUNER:

{
struct video_tuner v;
i f(copy_fromuser(&v, arg, sizeof(v)))
return - EFAULT,;
if(v.tuner 1= 0)
return - ElI NVAL,
return O;
}

We copy theusersuppliedstructureinto kernelmemorysowe canexamineit. If the
userhasselectechtunerotherthanzerowe rejecttherequestlf they wantedtunerO
then,suprisinglyenoughthatis the currenttuneralready

Thenext two ioctls we needto provide areto getandsetthefrequeng of theradio.
Thesebothuseanunsignedong argumentwhichis thefrequeng. The scaleof the

15
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frequeny dependontheVIDEO TUNER_LOW flagasl mentionedearlieron. Since
we have VIDEO_TUNER_LOWN setthiswill bein 1/16thsof a KHz.

static unsigned |ong current_freq;

case VI DI OCGFREQ
i f(copy_to_user(arg, &current_freq,
si zeof (unsi gned | ong))
return - EFAULT;
return O;

Queryingthefrequeng in our cases relatively simple.Our radio cardis too dumbto
let usquerythesignalstrengthsowe remembenpur settingif we know it. All we have
to dois copy it to theuser

case VI DI OCSFREQ

{
u32 freq;
i f(copy_fromuser(arg, &freq
si zeof (unsi gned | ong))!=0)
return - EFAULT,;
i f (hardware_set freq(freq)<0)
return - ElI NVAL,;
current_freq = freq;
return O;
}

Settingthefrequeny is alittle morecomplex. We begin by copying the desired
frequeny into kernelspaceNext we call a hardwarespecificroutineto settheradio
up. This might beassimpleassomescalinganda few writesto anl/O port. For most

16
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radiocardsit turnsout agooddealmorecomplicatecandmay involve programming
thingslike a phasdockedloop onthecard.Thisis whatdocumentatioris for.

Thefinal setof operationsve needto provide for our radioarethevolumecontrols.
Not all radio cardscanevendo volumecontrol. After all thereis a perfectlygood
volumecontrolon the soundcard.We will assumeur radiocardhasa simple4 step

volumecontrol.

Therearetwo ioctls with audiowe needto support

static int current_vol une=0;

case VI DI OCGAUDI O

{

struct video_audio v;

i f(copy_fromuser(&v, arg, sizeof(v)))
return - EFAULT;

if(v.audio !'= 0)
return - ElI NVAL;

v.volunme = 16384*current_vol uneg;

v.step = 16384,

strcpy(v. nane, "Radio");

v. mode = VI DEO_SOUND_MONG,

v. bal ance = 0;

v. base = 0;

v.treble = 0O;

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

return O;

Much lik e thetunerwe startby copying the userstructureinto kernelspace Again we
checkif theuserhasaskedfor avalid audioinput. We have only input 0 andwe puntif

they askfor anothelinput.

17
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Thenwefill in thevideo_audicstructure This hasthe following format

Table 2-6. struct video_audiofields

audio Theinputtheuserwishesto query

volume Thevolumesettingon a scaleof 0-65535

base Thebasdevel onascaleof 0-65535

treble Thetreblelevel onascaleof 0-65535

flags Thefeatureghis audiodevice supports

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

mode Thecurrentreceptionmodefor theaudio
We reportMONO becaus@ur cardis too
stupidto know if it isin monoor stereo.

balance The steredbalanceon a scaleof 0-65535,
32768is middle.

step The stepby which the volumecontrol

jumps.Thisis usedto helpmake it easyfor

applicationgo setsliderbehaiour.

Table 2-7.struct video_audioflags

VIDEO_AUDIO_MUTE

Theaudiois currentlymuted.We could
fake thisin our driver but we choosenotto
bother

VIDEO_AUDIO_MUTABLE

Theinputhasa muteoption

VIDEO_AUDIO_TREBLE

Theinputhasatreblecontrol

VIDEO_AUDIO_BASS

Theinputhasabasecontrol
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Table 2-8. struct video_audiomodes

VIDEO_SOUND_MONO

Mono sound

VIDEO_SOUND_STEREO

Stereosound

VIDEO_SOUND_LANG1

Alternative languagel (TV specific)

VIDEO_SOUND_LANG2

Alternative language? (TV specific)

Having filled in the structurewe copy it backto userspace.

TheVIDIOCSAUDIO ioctl allowstheuserto settheaudioparametere the
video_audicstucture Thedriver doesits bestto honourtherequest.

case VI DI OCSAUDI O

{

struct video_audio v;

i f(copy_fromuser(&v, arg, sizeof(v)))
return - EFAULT,;

i f(v.audio)
return - El NVAL,;

current _volunme = v/ 16384;

har dware_set vol une(current _vol une) ;

return O;

In our casethereis verylittle thatthe usercanset.Thevolumeis basicallythe limit.
Notethatwe could pretendto have a mutefeatureby rewriting this to

case VI DI OCSAUDI O

{

struct video_audio v;

i f(copy_fromuser(&v, arg, sizeof(v)))
return - EFAULT,;

i f(v.audio)
return - El NVAL,;

current_volune = v/16384;

19
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i f(v.flags&VlI DEO AUDI O MJUTE)
har dwar e_set _vol une(0);
el se
har dwar e_set _vol une(current _vol une);
current_nmuted = v.flags &
VI DEO_AUDI O_MJTE;
return O;

This with the correspondinghangedo the VIDIOCGAUDIO codeto reportthe state
of the muteflag we save andto reportthe cardhasa mutefunction,will allow
applicationgo usea mutefacility with this card.lIt is questionablevhetherthisis a
goodideahowever. Userapplicationscanalreadyfake this themselesandkernelspace
is precious.

We now have aworking radioioctl handler Sowe justwrapup thefunction

}
return - ENO OCTLCMD;

andpassghe Video4Linuxlayerbackanerrorsothatit knows we did notunderstand
therequesive got passed.

2.4. Module Wrapper

Finally we addin theusualmodulewrappingandthedriveris done.

#i f ndef MODULE

static int io = 0x300;

20
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#el se

static int io = -1;

MODULE_AUTHOR( " Al an Cox");

MODULE_DESCRI PTI ON(" A driver for an imaginary radio card.");
MODULE_PARMi 0, "i");

MODULE_PARM DESC(i o, "I/O address of the card.");

EXPORT_NO_SYMBOLS;

int init_nodul e(void)

{
if(io==-1)
{
pri nt k( KERN_ERR
"You rmust set an 1/ O address with i 0=0x???\n");
return -ElI NVAL;
}
return myradi o_init(NULL);
}
voi d cl eanup_nodul e(voi d)
{
vi deo_unregi ster _devi ce( &y _radi o) ;
rel ease_region(io, MY_IO_SIZE)
}
#endi f

In this examplewe setthelO baseby defaultif thedriveris compiledinto thekernel
whereyou cannotpassa parameteror the modulewe requirethe usersetsthe

21
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parameteiVe setio to anonsensgort (-1) sothatwe cantell if theusersuppliedanio
parametepr not.

We useMODULE __ definesto give anauthorfor the carddriveranda description We
alsousethemto declarethatio is anintegerandit is theaddres®f thecard.

Theclean-uproutineunregistersthevideo_deice we registered andfreesup the I/O
spaceNotethatthe unregistertakesthe actualvideo deice structureasits argument.
Unlike thefile operationsstructurewhich canbe sharedoy all instance®f adevice a
video_deice structureasanactualinstanceof thedevice. If you areregistering
multiple radiodevicesyou needto fill in onestructureperdevice (mostlikely by
settingup atemplateandcopying it to eachof theactualdevice structures).
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3.1. Video Capture Device Types

Thevideocapturedevicessharethe sameinterfacesasradiodevices.In orderto
explainthevideocapturenterfacel will usethe exampleof acamerahathasnotuners
or audioinput. This keepsthe examplerelatively clean.To getbothcombinethetwo
driverexamples.

Video capturedevicesdivide into four categories.A little technologybackgrounder

Full motionvideoevenattelevision resolution(whichis actuallyfairly low) is pretty
resource-intenge. You arecontinuallypassingnegabytesof dataevery secondrom
the capturecardto thedisplay severalalternatve approachebave emegedbecause
copying this throughthe processoandthe userprogramis a particularlybadidea.

Thefirstis to addthetelevisionimageontothevideooutputdirectly. Thisis alsohow
some3D cardswork. Thesebasiccardscangenerallydropthevideointo any chosen
rectangleof thedisplay Cardslik e this, which includemostmpegl cardsthatusedthe
featureconnectorarent very friendly in awindowing ervironment.They don't
understandvindows or clipping. Thevideowindow is alwayson thetop of thedisplay

Chromakeying is atechniqueusedby cardsto getaroundthis. It is anold television
mixing trick whereyou markall theareasyou wish to replacewith a singleclearcolour
thatisn’t usedin theimage- TV peopleuseanincredibly bright bluewhile computing
peopleoftenusea paticularlyvirulent purple.Bright blue occurson the desktop.
Anyonewith virulent purplewindows hasanothemproblembesidegheir TV overlay.

Thethird approachs to copy the datafrom the capturecardto thevideocard,but to do
it directly acrosghe PCl bus. This relievesthe processofrom doingthe work but does
requiresomesmartnessn the partof thevideo capturechip, aswell asa suitablevideo
card.Programminghis kind of cardandmoresodeluggingit canbe extremelytricky.
Therearesomequite complicatednteractionswith the displayandyou mayalsohave
to copewith variouschipsetbugsthatshav up whenPCl cardsstarttalking to each
othet

23
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To keepour examplefairly simplewe will assumea cardthatsupportsoverlayingaflat
rectangularmageontothe framebuffer output,andwhich canalsocapturestuff into

processomemory

3.2. Registering Video Capture Devices

Thistime we needto addmorefunctionsfor our cameradevice.

24

static struct video_device ny_canera

read */
wite */
pol | */

special init function */
private data */

{
"My Canera",
VI D_TYPE_OVERLAY| VI D_TYPE_SCALES| \
VI D_TYPE_CAPTURE| VI D_TYPE_CHROVAKEY
VI D_HARDWARE MYCAMERA,
carmer a_open.
canera_cl ose,
camer a_read, /* no
NULL, /* no
canera_pol |, /* no
canera_ioctl,
NULL, /* no
NULL /* no
1

We needaread()functionwhichis usedfor capturingdatafrom the card,andwe need
apoll functionsothatadriver canwait for the next frameto be captured.

We usethe extra video capabilityflagsthatdid notapplyto theradiointerface.The

videorelatedflagsare

Table 3-1. Capture Capabilities

VID_TYPE_CAPTURE

We supportimagecapture
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VID_TYPE_TELETEXT

A teletext capturedevice (vbi{n])

VID_TYPE_OVERLAY

Theimagecanbedirectly overlaidonto
theframebuffer

VID_TYPE_CHROMAKEY

Chromaley canbe usedto selectwhich
partsof theimageto display

VID_TYPE_CLIPPING

It is possibleto give theboardalist of
rectangleso draw around.

VID_TYPE_FRAMERAM

Thevideo capturegoesinto thevideo
memoryandactuallychangest.
Applicationsneedto know this sothey can
cleanup afterthecard

VID_TYPE_SCALES

Theimagecanbescaledo varioussizes,
ratherthanbeinga singlefixedsize.

VID_TYPE_MONOCHROME

The capturewill bemonochromeThis
isn't acompleteanswerto the question
sinceamonocameraon a colourcapture
cardwill still producemonooutput.

VID_TYPE_SUBCAPTURE

The cardallows only partof its field of
view to becapturedThisenables
applicationgo avoid copying all of alarge
imageinto memorywhenonly some
sectionis relevant.

We setVID_TYPE_CAPTUREsothatwe areseenasa capturecard,
VID_TYPE_CHROMAKEY sotheapplicationknowsit is time to draw in virulent
purple,andVID_TYPE_SCALESbecauseave canberesized.

Our setupis fairly similar. Thistime we alsowantaninterruptline 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 mycanera_init(struct video_init *v)
{
i f(check_region(io, MY_IO SIZE))

{
print k( KERN_ERR

"nycanmera: port Ox%03X is in use.\n",

return - EBUSY;
}

i f(video_device_register(&ry_canera,
VFL_TYPE_GRABBER) ==-1)
return -ElI NVAL;
request _region(io, MY_IO SIZE, "nycanera");
return O;

Thisis little changedrom the needsof theradiocard.We specify

VFL_TYPE_GRABBERthistime aswe wantto beallocateda/dev/videoname.

3.3. Opening And Closing The Capture Device

static int users = 0O;

static int canmera_open(stuct video_device *dev, int flags)

{
i f(users)
return - EBUSY;

if(request irq(irg, camera_irg, 0, "canera", dev)<0)

return - EBUSY;
user s++;
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MOD_| NC_USE_COUNT;
return O;

static int canmera_cl ose(struct video _device *dev)

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

Theopenandcloseroutinesarealsoquite similar. The only realchanges thatwe now
requestaninterruptfor the cameradevice interruptline. If we cannotgettheinterrupt
we reportEBUSY to theapplicationandgive up.

3.4. Interrupt Handling

Our examplehandleris for anISA busdevice. If it wasPClyouwould be ableto share
theinterruptandwould have setSA_SHIRQto indicatea sharedRQ. We passthe
device pointerastheinterruptroutineargumentWe don't needto sincewe only
supportonecardbut doingthiswill make it easierto upgradethe driverfor multiple
devicesin thefuture.

Ourinterruptroutineneeddo do little if we assumehe cardcansimply queueone
frameto bereadafterit capturest.

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

static void canera_irq(int irq, void *dev_id,

struct pt_regs *regs)

{
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capture_ready=1,;
wake_up_interruptible(&apture_wait);

Theinterrupthandleris niceandsimplefor this cardaswe areassuminghe cardis
buffering theframefor us. This meanswe have little to do but wake up anybody
interestedWe alsoseta capture_readflag, aswe may capturea framebeforean
applicationneedst. In this casewe needto know thata frameis ready If we hadto
collecttheframeontheinterruptlife would be morecomplex.

Thetwo new routineswe needto supplyarecamera_read/hich returnsaframe,and
camera_polhich waitsfor aframeto becomeready

static int camera_poll (struct video_device *dev,
struct file *file, struct poll _table *wait)

{
poll _wait(file, &capture_ wait, wait);
i f(capture_read)
return POLLI N POLLRDNORM
return O;
}

Ourwait queuefor polling is the capture_\wait queue Thiswill causehetaskto be
wokenup by our camera_irqoutine.We checkcapture_reatb seeif thereis animage
presentandif soreportthatit is readable.

3.5. Reading The Video Image

28
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struct wait_queue wait = { current, NULL };

u8 *ptr;
int |en;
int i;

add wait_queue(&capture wait, &wait);

whi | e(! capt ur e_ready)

{
i f(file->flags&D NDELAY)
{
renove_wait_queue( &capture_wait,
current->state = TASK _RUNNI NG
return - EWDULDBLOCK
}
i f(signal _pending(current))
{
renmove_wai t _queue(&capture_wait,
current->state = TASK _RUNNI NG
return - ERESTARTSYS
}
schedul e();
current->state = TASK | NTERRUPTI BLE
}

renmove_wait _queue(&capture_wait, &wait);
current->state = TASK_RUNNI NG

&vai t);

&wait);

Thefirst thing we have to dois to ensurehatthe applicationwaitsuntil the next frame
is ready Thecodehereis almostidenticalto the mousecodewe usedearlierin this
chapterlt is oneof the commonbuilding blocksof Linux device driver codeand
probablyonewhich you will find occursin ary driversyou write.

We wait for aframeto beready or for a signalto interruptour waiting. If a signal
occurswe needto returnfrom the systemcall sothatthe signalcanbe sentto the
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applicationitself. We alsocheckto seeif the useractuallywantedto avoid waiting - ie
if they areusingnon-blockingl/O andhave otherthingsto geton with.

Next we copy thedatafrom the cardto theuserapplication.Thisis rarelyaseasyasour
examplemakesout. We will addcapture_wandcapture_Hereto hold the width and
heightof the capturedmage.We assumehe cardonly support24bit RGB for now.

capture_ready = 0;

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

i f(len>count)
| en=count; /[/* Doesn’'t all fit */

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

{
put _user (i nb(i o+l MAGE_DATA), ptr);
ptr++;

}
hardware restart _capture();

return i;

For arealhardwaredevice you would try to avoid theloop with put_user()Eachcall to
put_user(hasatime overheadccheckingwhetherthe accesseto userspaceare
allowed. It would be betterto reada line into atemporarybuffer thencopy thisto user
spacen onego.

Having capturedheimageandputit into userspacewe cankick thecardto getthe
next frameacquired.



3.6. Video loctl Handling
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As with theradiodriver the majorcontrolinterfaceis via theioctl() function.Video

capturedevicessupportthe sametunercallsasar

adiodevice andalsosupport

additionalcallsto controlhow thevideofunctionsarehandledIn this simpleexample
the cardhasno tunersto avoid makingthe codecomplex.

static int camera_ioctl (struct video_

signed int cnd, void *arg)
{
swi t ch(cnd)
{
case VI DI OCGCAP

{

struct video_
v.type = VID_
VID_
VID_
VID_

.channel s =
.audi os = 0;
.maxwi dth =
.mnwidth =
. maxhei ght =
. m nhei ght =
strcpy(v. name
if(copy _to_us
retur
return O;

\
\
\
\
\
\

devi ce *dev, un-

capability v;
TYPE_CAPTURE| \
TYPE_CHROVAKEY] \
TYPE_SCALES| \
TYPE_OVERLAY;

1

640;

16;

480;

16;

, "My Canera");
er(arg, &, sizeof(v)))
n - EFAULT,
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Thefirstioctl we mustsupportandwhich all video captureandradiodevicesare
requiredto supportis VIDIOCGCAP. This behaesexactly the sameaswith aradio
device. Thistime, however, we reportthe extra capabilitieswe outlinedearlieron when
definingourvideo_de structure.

We now setthevideoflagssayingthatwe supportoverlay, capture scalingand
chromaley. We alsoreportsizelimits - our smallesimageis 16x16pixels,our largest
is 640x480.

To keepthingssimplewe reportno audioandno tuning capabilitiesat all.

case VI DI OCGCHAN:
{
struct video_channel v;
if(copy fromuser(&, arg, sizeof(v)))
return - EFAULT,;
i f(v.channel !'= 0)
return - El NVAL,;
v.flags = 0O;
v.tuners = 0;
v.type = VI DEO TYPE CAMERA;
v.norm = VI DEO MODE_AUTO
strcpy(v. nane, "Canmera | nput"); break
i f(copy_to_user(&v, arg, sizeof(v)))
return - EFAULT;
return O;

Thisfollows whatis very muchthe standardvay anioctl handledooksin Linux. We
copy thedatainto a kernelspacevariableandwe checkthatthe requesis valid (in this
casethattheinputis 0). Finally we copy the cameranfo backto theuser
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TheVIDIOCGCHAN ioctl allows a userto askaboutvideo channelgthatis inputsto
thevideocard).Our examplecardhasa singlecameranput. Thefieldsin the structure

are

Table 3-2. struct video_channeffields

channel Thechannehumberwe areselecting

name Thenamefor this channel Thisis
intendedo describeheportto theuser
Appropriatenamesarethereforethingslike
"Camera™SCART input"

flags Channebproperties

type Inputtype

norm The currenttelevision encodingbeingused
if relevantfor this channel.

Table 3-3. struct video_channelflags

VIDEO_VC_TUNER

Channehasatuner

VIDEO_VC_AUDIO

Channehasaudio.

Table 3-4. struct video _channeltypes

VIDEO_TYPE_TV

Televisioninput.

VIDEO_TYPE_CAMERA

Fixedcameranput.

0

Typeis unknown.

Table 3-5. struct video_channelnorms

VIDEO_MODE_RAL

PAL encodedrlelevision
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VIDEO_MODE_NTSC NTSC (US)encodedrelevision

VIDEO_MODE_SECAM SECAM (French)Televison

VIDEO_MODE_AUTO Automaticswitching,or formatdoesnot
matter

Thecorrespondingy IDIOCSCHAN ioctl allows a userto changechannelandto
requesthenormis changed for exapleto switchbetweera PAL or anNTSC format
camera.

case VI DI OCSCHAN:

{
struct video_channel v;
if(copy fromuser(&, arg, sizeof(v)))
return - EFAULT;
i f(v.channel !'= 0)
return - ElI NVAL;
if(v.norm!= VI DEO MODE_AUTO)
return - ElI NVAL,
return O;
}

Theimplementatiorof this call in our driveris remarkablyeasy Becauseave are
assumindixedformathardwarewe needonly checkthatthe userhasnottried to
changeanything.

Theuseralsoneedgo beableto configureandadjustthe picturethey areseeing.This
is muchlik e adjustingatelevision set.A userapplicationalsoneedgo know the palette
beingusedsothatit knows how to displaytheimagethathasbeencapturedThe
VIDIOCGPICT andVIDIOCSPICT octl calls provide this information.
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case VI DI OCGPI CT

{

struct video_picture v;
v. brightness = hardware_brightness();
v. hue = hardware_hue();
v. col our = hardware_saturation();
v.contrast = hardware_brightness();
/* Not settable */
V. whit eness = 32768;
v.depth = 24; [* 24bit */
v.pal ette = VI DEO PALETTE RGB24;
i f(copy_to_user(&v, arg,
si zeof (v)))

return - EFAULT,;

return O;

Thebrightnesshue,color, andcontrastprovide thepicturecontrolsthatareakinto a
conventionaltelevision. Whitenesgrovidesadditionalcontrolfor greyscaleimages.
All of thesevaluesarescaledbetweerD-65535andhave 32768asthe mid point
setting.Thescalingmeanghatapplicationsdo not have to worry aboutthe capability
rangeof the hardwarebut canlet it make a besteffort attempt.

Our depthis 24, asthisis in bits. We will bereturingRGB24format. This hasonebyte
of red,thenoneof greenthenoneof blue. Thisthenrepeatdor every otherpixel in the
image.The othercommonformatstheinterfacedefinesare

Table 3-6. Framebuffer Encodings

GREY

Lineargreyscale.Thisis for simple
camera@ndthelike
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RGB565 Thetop 5 bits hold 32 redlevels,the next
six bits hold greenandthelow 5 bits hold
blue.

RGB555 Thetopbit is clear Theredgreenandblue
levelseachoccuyy five bits.

Additional modesaresupportfor YUV captureformats.Thesearecommonfor TV and
videoconferencingpplications.

TheVIDIOCSPICT octl allows a userto setsomeof the pictureparameterseExactly
which onesaresupportedlependeaily onthecarditself. It is possibleto support
mary modesandeffectsin software.In generaldoingthisin the kernelis abadidea.
Video captureis a performance-sensite applicationandthe programscanoftendo
betterif they arent being’helped’ by anoverkeendriverwriter. Thusfor our device we
will reportRGB24o0nly andrefuseto allow achange.

case VI DI OCSPI CT:

{
struct video_picture v;
i f(copy_fromuser(&, arg, sizeof(v)))
return - EFAULT;
i f(v.depth! =24 ||
v.palette != VI DEO PALETTE_RGB24)
return - El NVAL,;
set _har dware_bri ght ness(v. bri ght ness);
set _hardware_hue(v. hue);
set _hardware_saturation(v.col our);
set _hardware_bri ght ness(v. contrast) ;
return O;
}
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We checkthe userhasnottried to changehe paletteor the depth.We do notwantto
carry out someof the changesndthenreturnanerror. This mayconfusethe
applicationwhichwill beassumingio changeoccurred.

In muchthe sameway asyou needto be ableto setthe picturecontrolsto gettheright
captureémagesmary cardsneedto know whatthey aredisplayingontowhen
generatingverlayoutput.In somecasegettingthis wrongevenmakesa nastymessor
may crashthe computerFor thatreasorthe VIDIOCSBUF ioctl usedto setup the
framebuffer informationmaywell only be usableby root.

We will assumeur cardis oneof theold ISA deviceswith featureconnectoandonly
supportsa coupleof standardrideomodesVery commonfor oldercardsalthoughthe
PCldevicesareway smarterthanthis.

static struct video buffer capture_ fb;

case VI DI OCGFBUF:

{
i f(copy_to_user(arg, &capture_fb,
si zeof (capture_fbh)))
return - EFAULT,;
return O;
}

We keepthe framebuffer informationin theformattheioctl uses.This makesit nice
andeasyto work with in theioctl calls.

case VI DI OCSFBUF:
{

struct video_buffer v;

i f(!capabl e(CAP_SYS ADM N))
return - EPERM
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i f(copy_fromuser(&v, arg, sizeof(v)))
return - EFAULT,;
i f(v.w dth!=320 && v.w dt h! =640)
return - El NVAL,;
i f(v.height!=200 && v. hei ght! =240
&& v. hei ght! =400
&& v. hei ght !=480)
return - El NVAL,;
mencpy(&capture fb, &, sizeof(v));
har dware_set fb(&v);
return O;

Thecapable(functionchecksa userhasthe requiredcapability The Linux operating
systemhasa setof about30 capabilitiesndicatingprivilegedaccesdo servicesThe
default setup givesthe superuse(uid 0) all of themandnobodyelsehasary.

We checkthatthe userhasthe SYS _ADMIN capability thatis they areallowedto
operateasthe machineadministratorWe don't wantaryonebut the administrator
makinga messof thedisplay

Next we checkfor standard®Cvideomodes320or 640wide with eitherEGA or
VGA depths)If themodeis nota standardszideo modewe rejectit asnot supportedy
our card.If themodeis acceptableve save it sothatVIDIOCFBUF will givetheright
answemext time it is called. Thehardware_set_fb(junctionis someundescribedard
specificfunctionto programthe cardfor the desiredmode.

Beforethedriver candisplayanoverlaywindow it needgo know wherethe window
shouldbe placed,andalsohow largeit shouldbe.If the cardsupportslippingit needs
to know which rectanglego omit from thedisplay Thevideo windav structureis used
to describegheway theimageshouldbedisplayed.



Table 3-7.struct video_window fields
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width

Thewidth in pixelsof thedesiredmage.
Thecardmayuseasmallersizeif thissize
is notavailable

height

Theheightof theimage.Thecardmayuse
a smallersizeif this sizeis notavailable.

The X positionof thetop left of the
window. Thisis in pixelsrelative to theleft
handedgeof thepicture.Not all cardscan
displayimagesalignedon ary pixel
boundarylf the positionis unsuitablethe
cardadjustsheimageright andreduceghe
width.

TheY positionof thetop left of the
window. Thisis countedn pixelsrelative
to thetop edgeof thepicture.As with the
width if the cardcannotdisplaystartingon
thisline it will adjustthevalues.

chromaley

Thecolour (expressedn RGB32format)
for thechromaley colourif chromakeying
is beingused.

clips

An arrayof rectangleshatmustnotbe
drawn over.

clipcount

Thenumberof clipsin thisarray

Eachclip is astructvideo_clipwhich hasthefollowing fields

Table 3-8.video_clipfields

X, Y

Co-ordinateselative to thedisplay

width, height

Width andheightin pixels
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next A sparefield for the applicationto use

Thedriveris requiredto ensurdt alwaysdrawvs in the arearequestear a smallerarea,
andthatit neverdrawsin ary of theareaghatareclipped.This maywell meanit hasto
leave alone.smallareagheapplicationwishedto bedrawvn.

Our examplecarduseschromaley sodoesnot have to addressnostof the clipping. We
will addavideo_windav structureto our globalvariableso remembeour parameters,
aswe did with the framebuffer.

case VI DI OCGAN N:

{
i f(copy_to_user(arg, &capture_win,
si zeof (capture_win)))
return - EFAULT,;
return O;
}

case VI DI OCSW N:
{
struct video_w ndow v;
i f(copy_fromuser(&v, arg, sizeof(v)))
return - EFAULT;
if(v.width > 640 || v.height > 480)
return - ElI NVAL;
if(v.width < 16 || v.height < 16)
return - ElI NVAL;
har dwar e_set key(v. chronakey);
har dwar e_set _w ndow v) ;
mencpy(&apture_win, &, sizeof(v));
capture_w = v. w dt h;
capture_h = v. hei ght;
return O;
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Becauseave areusingChromaley our setupis fairly simple.Mostly we have to check
thevaluesaresaneandloadtheminto the capturecard.

With all the setupdonewe cannow turn onthe actualcapture/@erlay. Thisis done
with the VIDIOCCAPTURE octl. Thistakesa singleintegerargumentwhere0 is on
andlis off.

case VI DI OCCAPTURE:

{
int v;
i f(get_user(v, (int *)arqg))
return - EFAULT,;
i f(v==0)
har dwar e_capt ure_of f ();
el se
{
if(capture_fb.width ==
|| capture_w == 0)
return -ElI NVAL;
har dwar e_capture_on();
}
return O;
}

We grabtheflag from userspaceandeitherenableor disableaccordingo its value.
Thereis onesmallcornercasewe have to considehere.Supposehatthe capturewas
requestedbeforethe videowindow or the framebuffer hadbeensetup. In thosecases
therewill beunconfiguredieldsin our carddata,aswell asunconfigurechardware
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settings We checkfor this caseandreturnanerrorif theframebuffer or the capture
window width is zero.

defaul t:
return - ENO OCTLCVD;

We don't needto supportary otherioctls, soif we getthisfar, it is time to tell thevideo
layerthatwe don’t now whattheuseris talking about.

3.7. Other Functionality

42

TheVideo4Linuxlayersupportsadditionalfeaturesjncludinga high performance
mmap()basedcapturemodeandcapturingpartof theimage.Thesefeaturesareout of
the scopeof thebook. You shouldhowever have enoughexamplecodeto implement
mostsimplevideo4linuxdevicesfor radioandTV cards.



Chapter 4. Known Bugs And
Assumptions

Multiple Opens
Thedriverassumesultiple opensshouldnotbeallowed. A driver canwork
aroundthis but not cleanly

API Deficiencies

Theexisting API poorly reflectscompressiorcapabledevices. Thereareplans
afootto memge V4L, V4L2 andsomeotherideasinto a betterinterface.
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video_register_device

Name
vi deo_regi st er _devi ce — registervideo4linuxdevices
Synopsis

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

Arguments

vfid

Videodevice structurewe wantto register

type
type of device to register

FIXME

needsasemaphoren 2.3.x
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Theregistrationcodeassignsninor numberdasednthetyperequested-ENFILE is
returnedn all the device slotsfor this catetoryarefull. If notthentheminorfield is set
andthedriverinitialize functionis called(if nonNULL).

Zerois returnedon success.

Valid typesare

VFL_TYPE_GRABBER- A framegrabber
VFL_TYPE_VTX - A teletet device
VFL_TYPE_VBI - Verticalblankdata(undecoded)
VFL_TYPE_RADIO- A radiocard

video_unregister_device

Name

vi deo_unr egi st er _devi ce — unraisteravideo4linuxdevice

Synopsis

voi d video_unregi ster_device (struct video_device * vfd);

Arguments

vfid

thedevice to unregister
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Description

This unreggistersthe passedlevice anddeassignshe minor number Futureopencalls
will bemetwith errors.
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