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Practical Application of V4L2 Drivers: Intro to V4L2 (Part 1)
by Vladimir Davydov
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General overview of Video4Linux2 interface (V4L2)
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e Video capture interface (/dev/video)

e Video overlay interface (/dev/video)

e Video output interface (/dev/video)

e Video output interface (/dev/video)

e Codec interface (/dev/video)

o Effect devices interface (/dev/video)

e Raw vertical blancking interval (VBI) interface (/dev/vbi)
e Sliced VBI data interface (/dev/vbi)

o Teletext interface (/dev/vtx)

e Radio interface (/dev/radio)
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e Radio data system (RDS) interface (/dev/radio)
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Application

dev/videoX

V4L 2 Kernel driver

Chart 1: Interaction between a user application and the V4L2 driver

Linux V4L2 userspace programming
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e MEncoder -- free tool for coding, decoding and filtering video, contained in MPlayer

package

e MPlayer -- free and open source media player

e FFmpeg -- robust solution for recording, converting, and streaming audio and video in
different formats. FFmped contains a set of ready tools and libraries, which can be used
for coding/decoding audio and video, and also for multiplexing and demultiplexing in

different media containers.
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e xawtv -- program for watching TV programs.

e tvtime -- a high-quality TV application for use with video capture cards

Linux V4L2 driver programming
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driver(drivers/media/video/vivi.c) & L|LC}.

VIVI - Virtual Video driver
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Loading the VIVI modul:

# modprobe vivi

# |s —| /dev/videox

[rwxrwxrwx 1 root root 6 Feb 14 00:07 /dev/video —> videoO
crw-rw——— 1 root video 81, 0 Feb 14 00:07 /dev/videoO

#

V4L2 Linux kernel interface
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Initializing and registering a V4L2 driver
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static const struct file_operations vivi_fops = {

.owner = THIS_MODULE,

.open = vivi_open,

.release = vivi_close,

.read = vivi_read,

.poll = vivi_poll,

Joctl = video_ioctl2, /* V4L2 ioctl handler */
.compat_ioctl = v4l_compat_ioctl32,

.mmap = vivi_mmap,

llseek = no_llseek,

I

static const struct v412_ioctl_ops vivi_ioctl_ops = {
vidioc_querycap = vidioc_querycap,

vidioc_enum_fmt_vid_cap = vidioc_enum_fmt_vid_cap,

vidioc_g_fmt_vid_cap = vidioc_g_fmt_vid_cap,
vidioc_try_fmt vid_cap = vidioc_try_fmt_vid_cap,
Vvidioc_s_fmt_vid_cap = vidioc_s_fmt_vid_cap,
.vidioc_regbufs = vidioc_reqbufs,
.vidioc_querybuf = vidioc_querybuf,
.vidioc_gbuf = vidioc_gbuf,

.vidioc_dgbuf = vidioc_dgbuf,



.vidioc_s_std = vidioc_s_std,

vidioc_enum_input = vidioc_enum_input,
.vidioc_g_input = vidioc_g_input,
Vvidioc_s_input = vidioc_s_input,
vidioc_queryctrl = vidioc_queryctrl,
vidioc_g_ctrl = vidioc_g_ctrl,
Vvidioc_s_ctrl = vidioc_s_ctrl,
.vidioc_streamon = vidioc_streamon,
.vidioc_streamoff = vidioc_streamoff,
#ifdef CONFIG_VIDEO_V4L1_COMPAT
vidiocgmbuf = vidiocgmbuf,
#endif
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static struct video_device vivi_template = {
.name = "vivi",

fops = &vivi_fops,

Joctl_ops = &vivi_ioctl_ops,

.minor = -1,

.release = video_device_release,

tvnorms = V4L2_STD_525_60,
.current_norm = V4L2_STD_NTSC_M,

I
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#define VAL2_STD_525_60 (V4L2_STD_PAL_M |#
V4L2_STD_PAL_60 |
V4L2_STD_NTSC  |W
V4L2_STD_NTSC_443)
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Registering a video device
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struct video_device *video_device_alloc(void);

O2{&292| T EQ video_device_allocE Ar3I8{™ <media/v4l2-common.h>E& include 3}0FstL|
ct.
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void video_device_release(struct video_device *vfd);

HIC|Q CHO|A= CHE g0 o3 SEE LI

=/

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

1o oMo A= Vid mEtHE= SE5HE 5th= H|DL CHO|A =N E 7t2|7|= ZHY
L|c}.

type parameter = SEE C|HO|AC| EtYS FolgtL(tt. Chg @S2 CIHO|A Efgs g
L|ct.

VFL_TYPE_GRABBER -- video capturing device
VFL_TYPE_VTX -- teletext device
VFL_TYPE_VBI -- VBI device

VFL_TYPE_RADIO -- radio card

nr OetHE s SEE CHO|A2] =AHS 27F LI 02 /dev/videol & O|HA YLICH
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void video_unregister_device(struct video_device *vfd);

Registering video device in VIVI
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int ret;

struct video_device *vfd;

vfd = video_device_alloc();



if (lvfd) {
/*Allocation failed*/

*vfd = vivi_template;

ret = video_register_device(vfd, VFL_TYPE_GRABBER, -1);
if (ret < 0) {
/*Registration failed*/

video_device _release(vfd);

Conclusion
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Useful links

V4L2 home

V4L2 API specification

FFmpeg tools and libraries

Xawtv TV application

Tvtime TV application

Video for Linux Two - Driver Writer's Guide

MPlayer and MEncoder home

The VIVI driver; a great starting point for VAL2 driver writers
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Structures and helper functions in the V4L interface for buffering: Intro to V4L2 (Part 2)
by Vladimir Davydov

Buffering Management Functions
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videobuf-core ? LEtXQl HIHE $t4+ES HNIeL|Ct

e video-dma-config ?EE|H O 2 FA5t= HIj

videobuf-vmalloc? DMA X| & Q= HI{ES {3t helper g4 E3h

vieobuf-dma-sg, videobuf-dma-config, videobuf-vmalloc 2 &= CIEEIQYS HIHEE 3t &
2 7|s58 YL I EtYS0l CishM= Ch20l XtMS] 2SS LICH

Important Buffering Structures
Videobuf_buffer 1&X & <media/videobuf-core.h> &|HO0| MAZO U0 HNH HIHSS LIE}
L=0 AL C
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/* buffer for one video frame */

struct vivi_buffer {
/* common V4l buffer stuff -- must be first */
struct videobuf_buffer vb;

struct vivi_fmt *fmt;
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Types of Capture Buffers
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1. HIHZ& Scatter-Gather DMA (SG DMA 01|A-| H|C|Q OHO|E Q| Hst2 X|Qlst=
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SG DMA buffers F2|S5E7| 2|8t Low-level t=&& /drivers/media/video/videobuf-

dma-sg.c Tt USL|CE
O] H{I{ EtQS A3t Of2{2L2 videobuf-dma-sg RES ZE3B{Of &tL|Ct

2. HEE2 2|8 HE22|o AHKE Z37H2 LIEtLHLD C|HO|AO|M X|@St= Scatter-
Gather £ H|2|$t DMA & AtE%tL|CL

O] HIHEIRY S 2t2|St= Low-level 2t52 driver/media/video/videobuf-dma-config.c
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3. M= Built-in DMA X|0| GlgLICh. O HEHEIYS E& CIHO|A0M ALEELIC.
DMA Z0f HjoJE H&= X|&SHHLE DMA HM2[E flet ZE0M AHEE & USLICH

rot

SG DMA0||M O] HIH&= S2|H22[e YoM MAXMo = HIE O AX| %10 HO[X|
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One of the drivers using this buffer type is VIVL. 0|3 HI{=Z Ztst7| 23t &4+==9]

AAAE = /drivers/media/video/videobuf-vmalloc.c IO Q& L|LC}.

Initializing Capture Buffers

HEHEZ x7|3 ot &8 ESHZ| 0| video_queue_ops 7LEXHE X{RIOF BFLICH O] Z{2
<media/videobuf-core.h> &||EIYL0| MAZO USL|CE O] FXX= HEHZ E ST s &
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int (*buf_setup)(struct videobuf_queue *q,
unsigned int *count, unsigned int *size);

Buf_setup M2E& HI{S2| XAHcount)@t 2t HI{O| ALO|=(size)E M EgLICt

int (*buf_prepare)(struct videobuf_queue *q,



struct videobuf_buffer *vb,
enum v412_field field);

buf_prepare &£ HEHE TH/YLICL VIVIOAM O gt= LEHO HEH LEIHEHSS 7|

L|C}. : size, width, height, field type

void (*buf_queue)(struct videobuf_queue *q,
struct videobuf_buffer *vb);
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buf_queue =
FZICE
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void (*buf_release)(struct videobuf_queue *q,
struct videobuf_buffer *vb);

buf_release HAE= HIHE ZE|= 317|Q8] =& E=ICE

CtS2 VIVIO| A videobuf queue_ops L&A Q| Z&7|3} O A & L|CF.

static struct videobuf_queue_ops vivi_video_qgops = {

.buf_setup = buffer_setup,
.buf_prepare = buffer_prepare,
.buf_queue = buffer_queue,
.buf_release = buffer_release,

I

Videobuf_queue_ops T-ZHE M2 CHZ0| o222 HMHL EtQO M2t =7|3t et+8 25
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1. SGDMA ZHMHIZ 9|3t x7|3} &
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void videobuf_queue_sg_init(struct videobuf_queue* q,
struct videobuf_queue_ops *ops,
struct device *dev,
spinlock_t *irglock,
enum v412_buf_type type,
enum v412_field field,
unsigned int msize,
void *priv);

2. 22Hoz H4E WHHISS 98 DMA

—

void videobuf_queue_dma_contig_init(struct videobuf_queue *q,



struct videobuf_queue_ops *ops,
struct device *dev,

spinlock_t *irglock,

enum v4l2_buf_type type,

enum v412_field field,

unsigned int msize,

void *priv);

3. Built-in DMA X|&I0| @i= ZANMHEHE 3t ME

void videobuf_queue_vmalloc_init(struct videobuf_queue* g,
struct videobuf_queue_ops *ops,
void *dey,
spinlock_t *irglock,
enum v4l2_buf_type type,
enum v412_field field,
unsigned int msize,

void *priv);

O] g+==5 ALE3H7| floi K222 sliE sEuteS AZSHOoF hLict

<media/videcbuf-dma-sg.h>, <media/videcbuf-dma-contig.h>,
<media/videobuf-vmalloc.h>
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e V412 FIFLD TOP? top field only



o V42 FIFLD BOTTOM ? bottom field only

o V42 FIELD INTERLACED ? both fields are in interlaced condition

o V42 FIFLD SEQ TB ?both fields are sequentially joined in the buffer; first the top field
and then the bottom

o V4L2 FIELD SEQ BT ?the same as for V4.2 FIELD SEQ T8, but the fields order is the
opposite

o V412 FIFLD ALTERNATE ?Sequential alternating of fields (top/bottom). The fields are saved
to separate buffers

o V412 FIFLD INTERLACED TB ?both fields are interlaced, the top field is the first in the
image and the top field is passed first

o V412 FIELD INTERLACED BT ?both fields are interlaced, the top field is the first in the

image, and the bottom field is passed first

TAHQ FHSS BE B2 o) fet Mg

msize O2tHE= WHHEH TN AIO|=E 7| LT VIVIO|A 0|42 sizeof(struct
vivi_buffer) Q! L|C}.
OfX|2t of2tH E{ Q! prive videobuf queue XM Al priv_datal| ZfE 7| etL|Ct.

Releasing Capture Buffers

HHE [AE SiXdte g+ HAE ZE QoM 2 EE LIC Videobuf_queue_opsoi|

.
buf release ZOIE{Of| 2|sHA Z}s&hL|LCt.

CHS 4= SG DMAO|A At ElL|Ct.

int videobuf_dma_free(struct videobuf _dmabuf *dma);

DMAE X||5te S22Hez AEHO HI{oAM =

void videobuf_dma_contig_free(struct videobuf_queue *q,

struct videobuf_buffer *buf);

DMA X & 8= #M HEHO|A=

void videobuf vmalloc_free (struct videobuf buffer *buf);

Processing the mmap System Call
VALOA mmap A|AE 22 HEHO K22 2FS ojdst 74 {S2/H 0[N RN Z=MH
FHoz UNHLE AMAStE HAEXNE AQICH

s

=
=

o

ME3tE AS Sof mmap A|AE = XME|e calling Z+2 2 &lCh

HIH &

[ok

A
e



int videobuf_mmap_mapper(struct videobuf_queue *q,

struct vm_area_struct *vma);

CtE2 VIVI EEtO|H O A mmapE M2|7} O{EAH ME|E =X 2OF= oA 2L Ch

static int vivi_mmap(struct file *file, struct vm_area_struct *vma)

{
struct vivi_fh  *fth = file->private_data;
struct vivi_dev *dev = fh->dev;

int ret;
dprintk(dev, 1, "mmap called, vma=0x%08Ix¥#n", (unsigned long)vma);
ret = videobuf_mmap_mapper(&fh->vb_vidg, vma);

dprintk(dev, 1, "vma start=0x%08Ix, size=%Ild, ret=%d¥#n",
(unsigned long)vma->vm_start,
(unsigned long)vma->vm_end-(unsigned long)vma->vm_start,

ret);

return ret;

Processing the read System Call

mmap O|A HIEHZ g==2 E2I0|H JWUXE2| ZEE EFLICEL O|A2 L3
St=0l S
ssize_t videobuf_read_stream(struct videobuf_queue *q,

char __user *data, size_t count, loff_t *ppos,

int vbihack, int nonblocking);

ChZ2 VIVI E2t0[H 0| A read Z0| XN2|X[= Off A & L|Ct

static ssize_t
vivi_read(struct file *file, char __user *data, size_t count, loff_t *ppos)

{

struct vivi_fh *th = file->private_data;

if (fh->type == VAL2_BUF_TYPE_VIDEO_CAPTURE) {

oo

i

fo

ik



return videobuf_read_stream(&fh->vb_vidg, data, count, ppos, O,
file->f_flags & O_NONBLOCK);
}

return O;

Processing the pol/ System Call
polle 2=5tH E2I0|HIF ZAME CIO|HE &2 I 7tX| o{E2AH 0|2 HYS =
L Ct.

poll =S OfEA ALESI=LIE O XtMIS| Z04CHEH VAL29| 4 EME HOTEAIH UL

helper buffering gt+=52 ARSI EZMN pollE2| XNE|l= HLIE ofz{2 0| CI2 42 Atgst
oz M EHLICL

unsigned int videobuf_poll_stream(struct file *file,
struct videobuf_queue *q,

poll_table *wait);

CtE2 VIVI E2t0[HO|A poll 20| M2|=l&= Yo CHot oA &iLct

static unsigned int
vivi_poll(struct file *file, struct poll_table_struct *wait)
{
struct vivi_fh *th = file->private_data;
struct vivi_dev *dev = fh->dey;

struct videobuf_queue *q = &fh->vb_vidg;
dprintk(dev, 1, "%st#n", _func_);

if (V4L2_BUF_TYPE_VIDEO_CAPTURE != fh->type)
return POLLERR;

return videobuf_poll_stream(file, g, wait);

Processing Commands of joct/ System Call

ioctl HIHE HWESO H2[E 28 thg g5 A8 =+ AUCL



VIDIOC_REQBUFS.

int videobuf_regbufs(struct videobuf_queue *q, struct v412_requestbuffers *req);

VIDIOC_QUERYBUF:

int videobuf_querybuf(struct videobuf_queue *q, struct v4l12_buffer *b);

VIDIOC QBUF:
int videobuf_gbuf(struct videobuf_queue *q,

VIDIOC_DQBUF:

struct v4l2_buffer *b);

int videobuf_dqbuf(struct videobuf_queue *q, struct v4l2_buffer *b, int nonblocking);

VIDIOC_STREAMON:

int videobuf_streamon(struct videobuf_queue *q);

VIDIOC_STREAMOFF:

int videobuf_streamoff(struct videobuf_queue *q);

of &==2| OfX= VIVI E20|H RE0M XS = ASLICH

Accessing Capture Buffer Video Data

T2 M3 VAL E2jO|H{= B|C|R C|HO|AZ&RE 22 H|T|R OB XE HIg a7t §f
AL E2I0|HE CIHIO|AZEEH O H0|HE »aUth d2|0 AMA Z2MA2 HEY
LICH. M2 =2to|H 2E 2roA HojHZ XE FZo o7t 2% M7t /AS &= ASLILC
o =% VVIEZIO|H = SEH22 H|CR HO[HE ddstn A B CjHo|A 22 A
2 H|E2 Ho|HE &&UCh

EtQiof et TR0 E2dt=s A2 Lhg g2 & = UASUL

1. SG DMA:
struct videobuf_dmabuf *videobuf to_dma (struct videobuf_buffer *buf);
2. DMA for physically contiguous capture buffers:

dma_addr_t videobuf_to_dma_contig(struct videobuf_buffer *buf);



3. For capture buffers without built-in DMA support:
void *videobuf_to_vmalloc (struct videobuf buffer *buf);
O M2 IXNST B4S0| e Y2 o1 AgLich

— - =

#include = linux/fs.h>

Of oHute=2 mpLA|A-a C|Hto|~ E2tO|HES Est=H 7td &% g=+=1t
TZHEE Mgyt

struct file_operations;

struct file;

struct inode;
ClHO|A E2t0|H =2 majority O 2|8 AL E|= M7HK| 523 HIO|H F+X2X|7t

QUEL|Ct file_operations L&XK|= character device & |t A|AH SS HE|5H7] Q%
HASSS ZDASLICH OHY TENE AAHO| AL @ HS 7|EBLICH inode

TENE L2309 of oS LiEtLCL

#include = media/v4l2-dev.h>
O +ZHM|&= helper =51t B E VAL E2I0|HE0| 28 7 kl= FENE2
ZatetL ot

struct video_device;
0|42 ot HIC| C|HIO|AE 7|=dt= Mol #+2K4 YL(Ch

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

void video_unregister_device(struct video_device *vfd);
O gt==2 A[AHEO 3t H|IC| CIHO|AE SE5t1 oA L Ct

[ — = O~
struct video_device * video_device_alloc(void);

void video_device_release(struct video_device *vfd);

0| helper =52 video_deivice XM 2|8 HRE| BRE st S| A gL Ct.

#include <= media/v4l2-ioctl.h>

O #z=& ioctl HS2| M2 fl3 2t F=HSH 52 Mes ZHUCL

struct v412_ioctl_ops;



0| TEMS VAL ioctl HUHEESS 7t2|7|= EQIEE ZmabshL|ch

int video_ioctl2(struct inode *inode, struct file *file,
unsigned int cmd, unsigned long arg);
O] HAEE ioctl A|IAEIZS He|gLCH V22 HME IEE EM5ID v4l2_ ioctl_ops

4
TENZEH 48%ts WSEHE =ELLICL

#include <= linux/videodev2.h>

VaL2 QIE{H|o|Ao] HQl HEmt LIt Of I RE O{Z2[AH 0|t E2t0|H S0
o3l ArEEl= 2= HIOIH Etsel el Mdeiss Zeeuch

#include <= media/videobuf-core.h>
Of #+Z& UM HIHEZ 225t ol =2 ZL o

struct videobuf_buffer;
Of =N WM HIHO| 7|2 £d& 7[&sgLICL

struct videobuf_queue_ops;
Of +xXN= WMHI M2l HAE 2 7t2|7|= EQHE =ZggtLct

struct videobuf_queue;
Ol &=N= HIHRE F-5t7| s CIARl = AL T

int videobuf_regbufs(struct videobuf_queue *q, struct v4l2_requestbuffers *req);

int videobuf_querybuf(struct videobuf_queue *q, struct v412_buffer *b);

int videobuf_gbuf(struct videobuf_queue *q, struct v412_buffer *b);

int videobuf_dgbuf(struct videobuf_queue *q, struct v4l2_buffer *b, int nonblocking);

int videobuf_streamon(struct videobuf_queue *q);

int videobuf_streamoff(struct videobuf_queue *q);

O =2 Mt AL ioctl A|I2HZ2| B2l FHSS MU

int videobuf_mmap_mapper(struct videobuf_queue *q,
struct vm_area_struct *vma);

O] gt== mmap A|AEZES XMa|gL(th



ssize_t videobuf_read_stream(struct videobuf_queue *q,
char __user *data, size_t count, loff_t *ppos,
int vbihack, int nonblocking);

O gt read A|XERIZES NeE|LCh

unsigned int videobuf_poll_stream(struct file *file,
struct videobuf_queue *q,
poll_table *wait);

O gt poll AI2"HZS ME|FLIC,.

#include = media/videobuf-vmalloc.h>
O 8|2 built-in DMA X|& = X HIZE 2 YsH7| It helper =52 ©

U LILY.

void videobuf_queue_vmalloc_init(struct videobuf_queue* g,
struct videobuf_gqueue_ops *ops,
void *dey,
spinlock_t *irglock,
enum v4l2_buf_type type,
enum v412_field field,

unsigned int msize,

void *priv);
O] gf=== built-in DMA X|¥ Qe UNHEHSS ?lot HEHY A|l2"ES 7|3 U

void *videobuf to_vmalloc (struct videobuf buffer *buf);
O g+== WMHIQ| HIC|R HO|HE HIdt= A2 &7ttt

void videobuf vmalloc_free (struct videobuf _buffer *buf);
O gt+== UM HIE SHHeL|Ct

#include = media/videobuf-dma-contig.h>
O 3| L2 DMA S X|Jot= AN HIEHZ XYPsty| ¢ helper gt+=S1t 72X E
ZotetL|Ch

void videobuf_queue_dma_contig_init(struct videobuf_queue *q,
struct videobuf_queue_ops *ops,
struct device *dev,
spinlock_t *irglock,
enum v4I2_buf_type type,
enum v412_field field,



unsigned int msize,
void *priv);
O] g==2 built-in DMA X|RZ ot= WNHILE 23t HEHE A|AEES 7|3 gL CH

#include <= media/videobuf-dma-sg.h>
0| title mQ2 Scatter-Gather DMA support HHHIH=Z 2 HSH7| 2|t helper
gE0 1THE ZeLCH

void videobuf_queue_sg_init(struct videobuf_queue* g,
struct videobuf_queue_ops *ops,
struct device *deyv,
spinlock_t *irglock,
enum v4l2_buf_type type,
enum v412_field field,
unsigned int msize,

void *priv);

0| &=+ built-in SG DMA support ZAHIHEE ot HIH T A|AH X7|31E eFL|Ct

Conclusion

VAL2 API= H|C|Q 7K C|HIO|AZ MO SHHA OIEI|0|AQ} Ma|3tS MZBH|C VAL API
Ol CHYH 28% ZA et FH|E 28T E2IO|HS0| ol QEAAZE KOs OEFZ|H0NE
WOt 'Y AlZtE 0| Th=EA|A ZSAYLCH
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Useful links

V4L2 home

V412 API specification

FFmpeg tools and libraries

Xawtv TV application

Tvtime TV application

Video for Linux Two - Driver Writer's Guide



http://www.linuxtv.org/
http://www.linuxtv.org/downloads/video4linux/API/V4L2_API/
http://ffmpeg.org/
http://ffmpeg.org/
http://linux.bytesex.org/xawtv/
http://linux.bytesex.org/xawtv/
http://tvtime.sourceforge.net/
http://tvtime.sourceforge.net/
http://www.thedirks.org/v4l2/v4l2dwg.htm

MPlayer and MEncoder home

The VIVI driver; a great starting point for VAL2 driver writers

Linux Device Drivers, Third Edition



http://www.thedirks.org/v4l2/v4l2dwg.htm
http://www.mplayerhq.hu/

