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Introduction

This document covers the Linux Kernel to Userspace API’s used by video and radio
straming devices, including video cameras, analog and digital TV receiver cards,
AM/FM receiver cards, streaming capture devices.

It is divided into three parts.
The first part covers radio, capture, cameras and analog TV devices.

The second part covers the API used for digital TV and Internet reception via one of
the several digital tv standards. While it is called as DVB API, in fact it covers
several different video standards including DVB-T, DVB-S, DVB-C and ATSC. The
API is currently being updated to documment support also for DVB-S2, ISDB-T
and ISDB-S.

The third part covers Remote Controller API

For additional information and for the latest development code, see:
http://linuxtv.org.

For discussing improvements, reporting troubles, sending new drivers, etc, please
mail to: Linux Media Mailing List (LMML).
(http://vger.kernel.org/vger-lists.html#linux-media).
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Chapter 1. Common API Elements

Programming a V412 device consists of these steps:

+ Opening the device

« Changing device properties, selecting a video and audio input, video standard,
picture brightness a. o.

+ Negotiating a data format
« Negotiating an input/output method
+ The actual input/output loop

+ Closing the device



Chapter 1. Common API Elements

In practice most steps are optional and can be executed out of order. It depends on
the V4L.2 device type, you can read about the details in Chapter 4. In this chapter
we will discuss the basic concepts applicable to all devices.

1.1. Opening and Closing Devices

1.1.1. Device Naming

V4L2 drivers are implemented as kernel modules, loaded manually by the system
administrator or automatically when a device is first opened. The driver modules
plug into the "videodev" kernel module. It provides helper functions and a common
application interface specified in this document.

Each driver thus loaded registers one or more device nodes with major number 81
and a minor number between 0 and 255. Assigning minor numbers to V4L.2 devices
is entirely up to the system administrator, this is primarily intended to solve conflicts
between devices.' The module options to select minor numbers are named after the
device special file with a "_nr" suffix. For example "video_nr" for /dev/video
video capture devices. The number is an offset to the base minor number associated
with the device type. > When the driver supports multiple devices of the same type
more than one minor number can be assigned, separated by commas:

> insmod mydriver.o video_nr=0,1 radio_nr=0,1

In /etc/modules.conf this may be written as:

alias char-major-81-0 mydriver
alias char-major-81-1 mydriver
alias char-major-81-64 mydriver (1
options mydriver video_nr=0,1 radio_nr=0,1 (2

© When an application attempts to open a device special file with major number
81 and minor number 0, 1, or 64, load "mydriver" (and the "videodev" module it
depends upon).

® Register the first two video capture devices with minor number O and 1 (base
number is 0), the first two radio device with minor number 64 and 65 (base 64).

When no minor number is given as module option the driver supplies a default.
Chapter 4 recommends the base minor numbers to be used for the various device
types. Obviously minor numbers must be unique. When the number is already in
use the offending device will not be registered.
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By convention system administrators create various character device special files
with these major and minor numbers in the /dev directory. The names
recommended for the different V4L2 device types are listed in Chapter 4.

The creation of character special files (with mknod) is a privileged operation and
devices cannot be opened by major and minor number. That means applications
cannot reliable scan for loaded or installed drivers. The user must enter a device
name, or the application can try the conventional device names.

Under the device filesystem (devfs) the minor number options are ignored. V4L.2
drivers (or by proxy the "videodev" module) automatically create the required
device files in the /dev/v41 directory using the conventional device names above.

1.1.2. Related Devices

Devices can support several related functions. For example video capturing, video
overlay and VBI capturing are related because these functions share, amongst other,
the same video input and tuner frequency. V4L and earlier versions of V4L2 used
the same device name and minor number for video capturing and overlay, but
different ones for VBI. Experience showed this approach has several problems’, and
to make things worse the V4L videodev module used to prohibit multiple opens of a
device.

As a remedy the present version of the V4L2 API relaxed the concept of device
types with specific names and minor numbers. For compatibility with old
applications drivers must still register different minor numbers to assign a default
function to the device. But if related functions are supported by the driver they must
be available under all registered minor numbers. The desired function can be
selected after opening the device as described in Chapter 4.

Imagine a driver supporting video capturing, video overlay, raw VBI capturing, and
FM radio reception. It registers three devices with minor number 0, 64 and 224 (this
numbering scheme is inherited from the V4L API). Regardless if /dev/video (81,
0) or /dev/vbi (81, 224) is opened the application can select any one of the video
capturing, overlay or VBI capturing functions. Without programming (e. g. reading
from the device with dd or cat) /dev/video captures video images, while
/dev/vbi captures raw VBI data. /dev/radio (81, 64) is invariable a radio
device, unrelated to the video functions. Being unrelated does not imply the devices
can be used at the same time, however. The open () function may very well return
an EBUSY error code.

Besides video input or output the hardware may also support audio sampling or
playback. If so, these functions are implemented as OSS or ALSA PCM devices
and eventually OSS or ALSA audio mixer. The V4L2 API makes no provisions yet
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to find these related devices. If you have an idea please write to the linux-media
mailing list: http://www.linuxtv.org/lists.php.

1.1.3. Multiple Opens

In general, V4L2 devices can be opened more than once. When this is supported by
the driver, users can for example start a "panel” application to change controls like
brightness or audio volume, while another application captures video and audio. In
other words, panel applications are comparable to an OSS or ALSA audio mixer
application. When a device supports multiple functions like capturing and overlay
simultaneously, multiple opens allow concurrent use of the device by forked
processes or specialized applications.

Multiple opens are optional, although drivers should permit at least concurrent
accesses without data exchange, i. e. panel applications. This implies open () can
return an EBUSY error code when the device is already in use, as well as ioct1 ()
functions initiating data exchange (namely the vIDIOC_S_FMT ioctl), and the
read () and write () functions.

Mere opening a V4L2 device does not grant exclusive access.* Initiating data
exchange however assigns the right to read or write the requested type of data, and
to change related properties, to this file descriptor. Applications can request
additional access privileges using the priority mechanism described in Section 1.3.

1.1.4. Shared Data Streams

V4L.2 drivers should not support multiple applications reading or writing the same
data stream on a device by copying buffers, time multiplexing or similar means.
This is better handled by a proxy application in user space. When the driver
supports stream sharing anyway it must be implemented transparently. The V412
API does not specify how conflicts are solved.

1.1.5. Functions

To open and close V4L2 devices applications use the open () and close ()
function, respectively. Devices are programmed using the ioct1 () function as
explained in the following sections.
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1.2. Querying Capabilities

Because V412 covers a wide variety of devices not all aspects of the API are
equally applicable to all types of devices. Furthermore devices of the same type
have different capabilities and this specification permits the omission of a few
complicated and less important parts of the API.

The vIDIOC_QUERYCAP ioctl is available to check if the kernel device is
compatible with this specification, and to query the functions and I/O methods
supported by the device. Other features can be queried by calling the respective
ioctl, for example VIDIOC_ENUMINPUT to learn about the number, types and names
of video connectors on the device. Although abstraction is a major objective of this
API, the ioctl also allows driver specific applications to reliable identify the driver.

All V412 drivers must support VIDIOC_QUERYCAP. Applications should always
call this ioctl after opening the device.

1.3. Application Priority

When multiple applications share a device it may be desirable to assign them
different priorities. Contrary to the traditional "rm -rf /" school of thought a video
recording application could for example block other applications from changing
video controls or switching the current TV channel. Another objective is to permit
low priority applications working in background, which can be preempted by user
controlled applications and automatically regain control of the device at a later time.

Since these features cannot be implemented entirely in user space V4L2 defines the
VIDIOC_G_PRIORITY and VIDIOC_S_PRIORITY ioctls to request and query the
access priority associate with a file descriptor. Opening a device assigns a medium
priority, compatible with earlier versions of V4L2 and drivers not supporting these
ioctls. Applications requiring a different priority will usually call
VIDIOC_S_PRIORITY after verifying the device with the VIDIOC_QUERYCAP ioctl.

Ioctls changing driver properties, such as VIDIOC_S_INPUT, return an EBUSY
error code after another application obtained higher priority. An event mechanism
to notify applications about asynchronous property changes has been proposed but
not added yet.

1.4. Video Inputs and Outputs

Video inputs and outputs are physical connectors of a device. These can be for
example RF connectors (antenna/cable), CVBS a.k.a. Composite Video, S-Video or
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RGB connectors. Only video and VBI capture devices have inputs, output devices
have outputs, at least one each. Radio devices have no video inputs or outputs.

To learn about the number and attributes of the available inputs and outputs
applications can enumerate them with the VIDIOC_ENUMINPUT and
VIDIOC_ENUMOUTPUT ioctl, respectively. The struct v412_input returned by the
VIDIOC_ENUMINPUT ioctl also contains signal status information applicable when
the current video input is queried.

The VIDIOC_G_INPUT and VIDIOC_G_OUTPUT ioctl return the index of the current
video input or output. To select a different input or output applications call the
VIDIOC_S_INPUT and VIDIOC_S_OUTPUT ioctl. Drivers must implement all the
input ioctls when the device has one or more inputs, all the output ioctls when the
device has one or more outputs.

Example 1-1. Information about the current video input

struct v41l2_input input;
int index;

if (-1 == ioctl (fd, VIDIOC_G_INPUT, &index)) {
perror ("VIDIOC_G_INPUT");

exit (EXIT_FAILURE);

}

memset (&input, 0, sizeof (input));
input.index = index;

if (-1 == ioctl (fd, VIDIOC_ENUMINPUT, &input)) {
perror ("VIDIOC_ENUMINPUT");

exit (EXIT_FAILURE);
}

printf ("Current input: %s\n", input.name);

Example 1-2. Switching to the first video input

int index;

index = 0;

if (-1 == ioctl (fd, VIDIOC_S_INPUT, &index)) {
perror ("VIDIOC_S_INPUT");

exit (EXIT_FAILURE);
}
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1.5. Audio Inputs and Outputs

Audio inputs and outputs are physical connectors of a device. Video capture devices
have inputs, output devices have outputs, zero or more each. Radio devices have no
audio inputs or outputs. They have exactly one tuner which in fact is an audio
source, but this API associates tuners with video inputs or outputs only, and radio
devices have none of these.” A connector on a TV card to loop back the received
audio signal to a sound card is not considered an audio output.

Audio and video inputs and outputs are associated. Selecting a video source also
selects an audio source. This is most evident when the video and audio source is a
tuner. Further audio connectors can combine with more than one video input or
output. Assumed two composite video inputs and two audio inputs exist, there may
be up to four valid combinations. The relation of video and audio connectors is
defined in the audioset field of the respective struct v412_input or

struct v412_output, where each bit represents the index number, starting at zero, of
one audio input or output.

To learn about the number and attributes of the available inputs and outputs
applications can enumerate them with the VvIDIOC_ENUMAUDIO and
VIDIOC_ENUMAUDOUT ioctl, respectively. The struct v412_audio returned by the
VIDIOC_ENUMAUDIO ioctl also contains signal status information applicable when
the current audio input is queried.

The vIDIOC_G_AUDIO and VIDIOC_G_AUDOUT ioctl report the current audio input
and output, respectively. Note that, unlike vIDIOC_G_INPUT and
VIDIOC_G_OUTPUT these ioctls return a structure as VIDIOC_ENUMAUDIO and
VIDIOC_ENUMAUDOUT do, not just an index.

To select an audio input and change its properties applications call the
VIDIOC_S_AUDIO ioctl. To select an audio output (which presently has no
changeable properties) applications call the vIDIOC_S_AUDOUT ioctl.

Drivers must implement all input ioctls when the device has one or more inputs, all
output ioctls when the device has one or more outputs. When the device has any
audio inputs or outputs the driver must set the v41.2_cap_aAUDIO flag in the

struct v412_capability returned by the VIDIOC_ QUERYCAP ioctl.

Example 1-3. Information about the current audio input
struct v412_audio audio;

memset (&audio, 0, sizeof (audio));

if (-1 == ioctl (fd, VIDIOC_G_AUDIO, &audio)) {

perror ("VIDIOC_G_AUDIO");
exit (EXIT_FAILURE);
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}

printf ("Current input: %s\n", audio.name);

Example 1-4. Switching to the first audio input

struct v412_audio audio;
memset (&audio, 0, sizeof (audio)); /* clear audio.mode, audio.reserved =,
audio.index = 0;

if (-1 == ioctl (fd, VIDIOC_S_AUDIO, &audio)) {
perror ("VIDIOC_S_AUDIO");

exit (EXIT_FAILURE) ;

}

1.6. Tuners and Modulators

1.6.1. Tuners

Video input devices can have one or more tuners demodulating a RF signal. Each
tuner is associated with one or more video inputs, depending on the number of RF
connectors on the tuner. The type field of the respective struct v412_input returned
by the VIDIOC_ENUMINPUT ioctl is set to V4L2_INPUT_TYPE_TUNER and its
tuner field contains the index number of the tuner.

Radio devices have exactly one tuner with index zero, no video inputs.

To query and change tuner properties applications use the VIDIOC_G_TUNER and
VIDIOC_S_TUNER ioctl, respectively. The struct v412_tuner returned by
VIDIOC_G_TUNER also contains signal status information applicable when the tuner
of the current video input, or a radio tuner is queried. Note that VIDIOC_S_TUNER
does not switch the current tuner, when there is more than one at all. The tuner is
solely determined by the current video input. Drivers must support both ioctls and
set the v41L2_CAP_TUNER flag in the struct v412_capability returned by the
VIDIOC_QUERYCAP ioctl when the device has one or more tuners.
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1.6.2. Modulators

Video output devices can have one or more modulators, uh, modulating a video
signal for radiation or connection to the antenna input of a TV set or video recorder.
Each modulator is associated with one or more video outputs, depending on the
number of RF connectors on the modulator. The type field of the respective

struct v412_output returned by the VIDIOC_ENUMOUTPUT ioctl is set to
V4L2_OUTPUT_TYPE_MODULATOR and its modulator field contains the index
number of the modulator. This specification does not define radio output devices.

To query and change modulator properties applications use the
VIDIOC_G_MODULATOR and VIDIOC_S_MODULATOR ioctl. Note that
VIDIOC_S_MODULATOR does not switch the current modulator, when there is more
than one at all. The modulator is solely determined by the current video output.
Drivers must support both ioctls and set the V41.2_CAP_MODULATOR flag in the
struct v412_capability returned by the vIDT0C_QUERYCAP ioctl when the device has
one or more modulators.

1.6.3. Radio Frequency

To get and set the tuner or modulator radio frequency applications use the
VIDIOC_G_FREQUENCY and VIDIOC_S_FREQUENCY ioctl which both take a
pointer to a struct v412_frequency. These ioctls are used for TV and radio devices
alike. Drivers must support both ioctls when the tuner or modulator ioctls are
supported, or when the device is a radio device.

1.7. Video Standards

Video devices typically support one or more different video standards or variations
of standards. Each video input and output may support another set of standards.
This set is reported by the std field of struct v412_input and struct v412_output
returned by the VIDIOC_ENUMINPUT and VIDIOC_ENUMOUTPUT ioctl, respectively.

V4L2 defines one bit for each analog video standard currently in use worldwide,
and sets aside bits for driver defined standards, e. g. hybrid standards to watch
NTSC video tapes on PAL TVs and vice versa. Applications can use the predefined
bits to select a particular standard, although presenting the user a menu of supported
standards is preferred. To enumerate and query the attributes of the supported
standards applications use the VIDIOC_ENUMSTD ioctl.

Many of the defined standards are actually just variations of a few major standards.
The hardware may in fact not distinguish between them, or do so internal and
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switch automatically. Therefore enumerated standards also contain sets of one or
more standard bits.

Assume a hypothetic tuner capable of demodulating B/PAL, G/PAL and I/PAL
signals. The first enumerated standard is a set of B and G/PAL, switched
automatically depending on the selected radio frequency in UHF or VHF band.
Enumeration gives a "PAL-B/G" or "PAL-I" choice. Similar a Composite input may
collapse standards, enumerating "PAL-B/G/H/I", "NTSC-M" and "SECAM-D/K".°

To query and select the standard used by the current video input or output
applications call the vIDIOC_G_STD and VIDIOC_S_STD ioctl, respectively. The
received standard can be sensed with the VIDIOC_QUERYSTD ioctl. Note parameter
of all these ioctls is a pointer to a v412_std_id type (a standard set), not an index into
the standard enumeration.” Drivers must implement all video standard ioctls when
the device has one or more video inputs or outputs.

Special rules apply to USB cameras where the notion of video standards makes little
sense. More generally any capture device, output devices accordingly, which is

« incapable of capturing fields or frames at the nominal rate of the video standard,
or

« where timestamps refer to the instant the field or frame was received by the
driver, not the capture time, or

- where sequence numbers refer to the frames received by the driver, not the
captured frames.

Here the driver shall set the std field of struct v412_input and struct v412_output to
zero, the VIDIOC_G_STD, VIDIOC_S_STD, VIDIOC_QUERYSTD and
VIDIOC_ENUMSTD ioctls shall return the EINVAL error code.?

Example 1-5. Information about the current video standard

v4l2_std_id std_id;
struct v412_standard standard;

if (-1 == ioctl (fd, VIDIOC_G_STD, &std_id)) {
/+ Note when VIDIOC_ENUMSTD always returns EINVAL this
is no video device or it falls under the USB exception,
and VIDIOC_G_STD returning EINVAL is no error. =/

perror ("VIDIOC_G_STD");
exit (EXIT_FAILURE);
}

memset (&standard, 0, sizeof (standard));
standard.index = 0;
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while (0 == ioctl (fd, VIDIOC_ENUMSTD, &standard)) {
if (standard.id & std_id) {
printf ("Current video standard: %$s\n", standard.name);

exit (EXIT_SUCCESS) ;

standard.index++;

}

/+* EINVAL indicates the end of the enumeration, which cannot be
empty unless this device falls under the USB exception. =*/

if (errno == EINVAL || standard.index == 0) {
perror ("VIDIOC_ENUMSTD") ;

exit (EXIT_FAILURE) ;

}

Example 1-6. Listing the video standards supported by the current input

struct v41l2_input input;
struct v412_standard standard;

memset (&input, 0, sizeof (input));

if (-1 == ioctl (fd, VIDIOC_G_INPUT, &input.index)) {
perror ("VIDIOC_G_INPUT");

exit (EXIT_FAILURE);

}

if (-1 == ioctl (fd, VIDIOC_ENUMINPUT, é&input)) {
perror ("VIDIOC_ENUM_INPUT");

exit (EXIT_FAILURE) ;

}

printf ("Current input %s supports:\n", input.name);

memset (&standard, 0, sizeof (standard));
standard.index = 0;

while (0 == ioctl (fd, VIDIOC_ENUMSTD, &standard)) {
if (standard.id & input.std)
printf ("$s\n", standard.name);

standard.index++;

}

11
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/+* EINVAL indicates the end of the enumeration, which cannot be
empty unless this device falls under the USB exception. =/

if (errno != EINVAL || standard.index == 0) {
perror ("VIDIOC_ENUMSTD");

exit (EXIT_FAILURE);

}

Example 1-7. Selecting a new video standard

struct v41l2_input input;
v41l2_std_id std_id;

memset (&input, 0, sizeof (input));

if (-1 == ioctl (fd, VIDIOC_G_INPUT, é&input.index)) {
perror ("VIDIOC_G_INPUT");

exit (EXIT_FAILURE);

}

if (-1 == ioctl (fd, VIDIOC_ENUMINPUT, &input)) {
perror ("VIDIOC_ENUM_INPUT");

exit (EXIT_FAILURE);

}

if (0 == (input.std & V4L2_STD_PAL_BG)) {

fprintf (stderr, "Oops. B/G PAL is not supported.\n");
exit (EXIT_FAILURE);

}

/+ Note this is also supposed to work when only B
or G/PAL is supported. x/

std_id = V4L2_STD_PAL_BG;

if (-1 == ioctl (fd, VIDIOC_S_STD, &std_id)) {
perror ("VIDIOC_S_STD");

exit (EXIT_FAILURE) ;

}
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1.7.1. Digital Video (DV) Timings

The video standards discussed so far has been dealing with Analog TV and the
corresponding video timings. Today there are many more different hardware
interfaces such as High Definition TV interfaces (HDMI), VGA, DVI connectors
etc., that carry video signals and there is a need to extend the API to select the video
timings for these interfaces. Since it is not possible to extend the v412_std_id due to
the limited bits available, a new set of IOCTLs is added to set/get video timings at
the input and output:

« DV Presets: Digital Video (DV) presets. These are IDs representing a video
timing at the input/output. Presets are pre-defined timings implemented by the
hardware according to video standards. A __u32 data type is used to represent a
preset unlike the bit mask that is used in v412_std_id allowing future extensions
to support as many different presets as needed.

« Custom DV Timings: This will allow applications to define more detailed custom
video timings for the interface. This includes parameters such as width, height,
polarities, frontporch, backporch etc.

To enumerate and query the attributes of DV presets supported by a device,
applications use the VIDIOC_ENUM_DV_PRESETS ioctl. To get the current DV
preset, applications use the VIDIOC_G_DV_PRESET ioctl and to set a preset they use
the VIDIOC_S_DV_PRESET ioctl.

To set custom DV timings for the device, applications use the
VIDIOC_S_DV_TIMINGS ioctl and to get current custom DV timings they use the
VIDIOC_G_DV_TIMINGS ioctl.

Applications can make use of the Table A-4 and Table A-3 flags to decide what
ioctls are available to set the video timings for the device.

1.8. User Controls

Devices typically have a number of user-settable controls such as brightness,
saturation and so on, which would be presented to the user on a graphical user
interface. But, different devices will have different controls available, and
furthermore, the range of possible values, and the default value will vary from
device to device. The control ioctls provide the information and a mechanism to
create a nice user interface for these controls that will work correctly with any
device.

All controls are accessed using an ID value. V4L2 defines several IDs for specific
purposes. Drivers can also implement their own custom controls using

13
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V41L2_CID_PRIVATE_BASE and higher values. The pre-defined control IDs have
the prefix v412_cID_, and are listed in Table 1-1. The ID is used when querying
the attributes of a control, and when getting or setting the current value.

Generally applications should present controls to the user without assumptions
about their purpose. Each control comes with a name string the user is supposed to
understand. When the purpose is non-intuitive the driver writer should provide a
user manual, a user interface plug-in or a driver specific panel application.
Predefined IDs were introduced to change a few controls programmatically, for
example to mute a device during a channel switch.

Drivers may enumerate different controls after switching the current video input or
output, tuner or modulator, or audio input or output. Different in the sense of other
bounds, another default and current value, step size or other menu items. A control
with a certain custom ID can also change name and type.” Control values are stored
globally, they do not change when switching except to stay within the reported
bounds. They also do not change e. g. when the device is opened or closed, when
the tuner radio frequency is changed or generally never without application request.
Since V4L.2 specifies no event mechanism, panel applications intended to cooperate
with other panel applications (be they built into a larger application, as a TV
viewer) may need to regularly poll control values to update their user interface.'

Table 1-1. Control IDs

ID Type Description

V4L2_CID_BASE First predefined ID, equal to
V4L2_CID_BRIGHTNESS.

V4L2_CID_USER_BASE Synonym of V41L2_CID_BASE.

V4L2_CID_BRIGHTNESS integer  Picture brightness, or more precisely, the
black level.

V4L2_CID_CONTRAST integer  Picture contrast or luma gain.

V4L2_CID_SATURATION integer  Picture color saturation or chroma gain.

V4L2_CID_HUE integer  Hue or color balance.

V4L2_CID_AUDIO_VOLUME integer Overall audio volume. Note some
drivers also provide an OSS or ALSA
mixer interface.

V4L2_CID_AUDIO_BALANCE integer Audio stereo balance. Minimum
corresponds to all the way left,
maximum to right.

V4L2_CID_AUDIO_BASS integer  Audio bass adjustment.

V4L2_CID_AUDIO_TREBLE integer Audio treble adjustment.



ID Type

VAL2_CID_AUDIO_MUTE boolean

V412 CID AUDIO_LOUDNESS boolean

V4L2_CID_BLACK_LEVEL hueger

V4L2_CID_AUTO_WHITE_BALAWOkEan

V4L2_CID_DO_WHITE_BALANGEBtton

V4L2_CID_RED_BALANCE integer
V4L2_CID_BLUE_BALANCE integer
V4L2_CID_GAMMA integer
V4L2_CID_WHITENESS integer
V4L2_CID_EXPOSURE integer
V4L2_CID_AUTOGAIN boolean
VA4L2_CID_GAIN integer
V4L2_CID_HFLIP boolean
V4L2_CID_VFLIP boolean
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Description

Mute audio, 1. e. set the volume to zero,
however without affecting
V41.2_CID_AUDIO_VOLUME. Like
ALSA drivers, V4L2 drivers must mute
at load time to avoid excessive noise.
Actually the entire device should be
reset to a low power consumption state.
Loudness mode (bass boost).

Another name for brightness (not a
synonym of V4L2_CID_BRIGHTNESS).
This control is deprecated and should
not be used in new drivers and
applications.

Automatic white balance (cameras).

This is an action control. When set (the
value is ignored), the device will do a
white balance and then hold the current
setting. Contrast this with the boolean
V4L2_CID_AUTO_WHITE_BALANCE,
which, when activated, keeps adjusting
the white balance.

Red chroma balance.

Blue chroma balance.

Gamma adjust.

Whiteness for grey-scale devices. This is
a synonym for v41.2_C1D_GAMMA. This
control is deprecated and should not be
used in new drivers and applications.

Exposure (cameras). [Unit?]
Automatic gain/exposure control.
Gain control.

Mirror the picture horizontally.
Mirror the picture vertically.

15
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ID Type
V4L2_CID_HCENTER_DEPRECAMERer
(formerly

V4L2_CID_HCENTER)

V4L2_CID_VCENTER_DEPRECAMERer
(formerly
V4L2_CID_VCENTER)

V4L2_CID_POWER_LINE_FRE@UHNCY

V4L2_ CID HUE AUTO boolean

Description

Horizontal image centering. This control
is deprecated. New drivers and
applications should use the Camera class
controls V41.2_CID_PAN ABSOLUTE,
V4L2_CID_PAN_RELATIVE and
V4L2_CID_PAN_RESET instead.

Vertical image centering. Centering is
intended to physically adjust cameras.

For image cropping see Section 1.12, for
clipping Section 4.2. This control is
deprecated. New drivers and

applications should use the Camera class
controls V41.2_CID_TILT ABSOLUTE,
V4L2_CID_TILT_RELATIVE and
V4L2_CID_TILT_RESET instead.

Enables a power line frequency filter to

avoid flicker. Possible values for enum
v41l2_power_line_frequency are:
V4L2_CID_POWER_LINE_FREQUENCY_DISABLED
(0),
V4L2_CID_POWER_LINE_FREQUENCY_50HZ
(1) and
V4L2_CID_POWER_LINE_FREQUENCY_60HZ
(2).

Enables automatic hue control by the

device. The effect of setting

V4L2_CID_HUE while automatic hue

control is enabled is undefined, drivers

should ignore such request.

V4L2_CID_WHITE_BALANCE_TmtéReRATThis control specifies the white balance

V4L2_CID_SHARPNESS integer

settings as a color temperature in

Kelvin. A driver should have a

minimum of 2800 (incandescent) to

6500 (daylight). For more information

about color temperature see Wikipedia
(http://en.wikipedia.org/wiki/Color_temperature).

Adjusts the sharpness filters in a camera.
The minimum value disables the filters,
higher values give a sharper picture.



ID Type
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Description

V4L2_CID_BACKLIGHT_coMpHmeger ONAdjusts the backlight compensation in a

V4L2_CID_CHROMA_AGC boolean
V4L2_CID_CHROMA_GAIN integer
V4L2_CID_COLOR_KILLER boolean
V4L2_CID_COLORFX enum
V4L2_CID_ROTATE integer
V4L2_CID_BG_COLOR integer

V412 CID ILLUMINATORS_ 1 boolean
V4L2_ CID_ILLUMINATORS 2

camera. The minimum value disables
backlight compensation.

Chroma automatic gain control.

Adjusts the Chroma gain control (for
use when chroma AGC is disabled).
Enable the color killer (i. e. force a black
& white image in case of a weak video
signal).

Selects a color effect. Possible values for
enum v412_colorfx are:
V4L2_COLORFX_NONE (0),
V4L2_COLORFX_BW (1),
V41.2_COLORFX_SEPTIA (2),
V4L2_COLORFX_NEGATIVE (3),
V4L2_COLORFX_EMBOSS (4),
V4L2_COLORFX_SKETCH (5),
V41L2_COLORFX_SKY_BLUE (6),
V4L2_COLORFX_GRASS_GREEN (7),
V4L2_COLORFX_SKIN_WHITEN (8) and
V4L2_COLORFX_VIVID (9).

Rotates the image by specified angle.
Common angles are 90, 270 and 180.
Rotating the image to 90 and 270 will
reverse the height and width of the
display window. It is necessary to set the
new height and width of the picture
using the VIDIOC_S_FMT ioctl
according to the rotation angle selected.
Sets the background color on the current
output device. Background color needs
to be specified in the RGB24 format.
The supplied 32 bit value is interpreted
as bits 0-7 Red color information, bits
8-15 Green color information, bits 16-23
Blue color information and bits 24-31
must be zero.

Switch on or off the illuminator 1 or 2 of
the device (usually a microscope).

17
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ID Type Description
V4L2_CID_LASTP1 End of the predefined control IDs
(currently

V4L2_CID_ILLUMINATORS_2 + 1).

ID of the first custom (driver specific)
control. Applications depending on
particular custom controls should check

the driver name and version, see Section
1.2.

V4L2_CID_PRIVATE_BASE

Applications can enumerate the available controls with the VIDIOC_QUERYCTRL
and VIDIOC_QUERYMENU ioctls, get and set a control value with the
VIDIOC_G_CTRL and VIDIOC_S_CTRL ioctls. Drivers must implement
VIDIOC_QUERYCTRL, VIDIOC_G_CTRL and VIDIOC_S_CTRL when the device has
one or more controls, VIDIOC_QUERYMENU when it has one or more menu type
controls.

Example 1-8. Enumerating all controls

struct v41l2_queryctrl queryctrl;
struct v41l2_querymenu querymenu;

static wvoid
enumerate menu (void)
{

printf (" Menu items:\n");

memset (&querymenu, 0, sizeof (querymenu));
querymenu.id = queryctrl.id;

for (querymenu.index = queryctrl.minimum;
querymenu.index <= queryctrl.maximum;
querymenu.index++) {
if (0 == ioctl (fd, VIDIOC_QUERYMENU, &querymenu)) {
printf ("
}
}
}

%$s\n", querymenu.name) ;

memset (&queryctrl, 0, sizeof (queryctrl));

for (queryctrl.id = V4L2_CID_BASE;
queryctrl.id < V4L2_CID_LASTPI1;
queryctrl.id++) |
if (0 == ioctl (fd, VIDIOC_QUERYCTRL, &queryctrl)) {
if (queryctrl.flags & V4L2_CTRL_FLAG_DISABLED)

18
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continue;
printf ("Control %s\n", queryctrl.name);
if (queryctrl.type == V4L2_CTRL_TYPE_MENU)
enumerate_menu ();
} else {
if (errno == EINVAL)
continue;

perror ("VIDIOC_QUERYCTRL");
exit (EXIT_FAILURE);

}
}

for (queryctrl.id = V4L2_CID_PRIVATE_BASE;;
queryctrl.id++) {
if (0 == ioctl (fd, VIDIOC_QUERYCTRL, &queryctrl)) {
if (queryctrl.flags & V4L2_CTRL_FLAG_DISABLED)
continue;
printf ("Control %s\n", queryctrl.name);
if (queryctrl.type == V4L2_CTRL_TYPE_MENU)
enumerate_menu () ;
} else {
if (errno == EINVAL)
break;

perror ("VIDIOC_QUERYCTRL");
exit (EXIT_FAILURE);

}
}

Example 1-9. Changing controls

struct v41l2_queryctrl queryctrl;
struct v412_control control;

memset (&queryctrl, 0, sizeof (queryctrl));
queryctrl.id = V4L2_CID_BRIGHTNESS;

if
if

(=1 == ioctl (fd, VIDIOC_QUERYCTRL, &queryctrl)) {
(errno != EINVAL) {

perror ("VIDIOC_QUERYCTRL");
exit (EXIT_FAILURE) ;
} else {

19
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printf ("V4L2_CID_BRIGHTNESS is not supported\n");
}
} else 1f (queryctrl.flags & V4L2_CTRL_FLAG_DISABLED) {
printf ("V4L2_CID_BRIGHTNESS is not supported\n");
} else {
memset (&control, 0, sizeof (control));
control.id = V4L2_CID_BRIGHTNESS;
control.value = queryctrl.default_value;

if (-1 == ioctl (fd, VIDIOC_S_CTRL, &control)) {
perror ("VIDIOC_S_CTRL");
exit (EXIT_FAILURE);

}

}

memset (&control, 0, sizeof (control));
control.id = V4L2_CID_CONTRAST;

if (0 == ioctl (fd, VIDIOC_G_CTRL, &control)) {
control.value += 1;

/* The driver may clamp the value or return ERANGE, ignored here x/

if (-1 == ioctl (fd, VIDIOC_S_CTRL, &control)
&& errno != ERANGE) {

perror ("VIDIOC_S_CTRL");

exit (EXIT_FAILURE) ;

}
/+ Ignore if V4L2_CID_CONTRAST is unsupported =/
} else if (errno != EINVAL) {

perror ("VIDIOC_G_CTRL");

exit (EXIT_FAILURE);
1

control.id = V4L2_CID_AUDIO_MUTE;
control.value = TRUE; /* silence x/

/* Errors ignored x/
ioctl (fd, VIDIOC_S_CTRL, &control);

20
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1.9. Extended Controls

1.9.1. Introduction

The control mechanism as originally designed was meant to be used for user
settings (brightness, saturation, etc). However, it turned out to be a very useful
model for implementing more complicated driver APIs where each driver
implements only a subset of a larger API.

The MPEG encoding API was the driving force behind designing and implementing
this extended control mechanism: the MPEG standard is quite large and the
currently supported hardware MPEG encoders each only implement a subset of this
standard. Further more, many parameters relating to how the video is encoded into
an MPEG stream are specific to the MPEG encoding chip since the MPEG standard
only defines the format of the resulting MPEG stream, not how the video is actually
encoded into that format.

Unfortunately, the original control API lacked some features needed for these new
uses and so it was extended into the (not terribly originally named) extended control
APIL.

Even though the MPEG encoding API was the first effort to use the Extended
Control API, nowadays there are also other classes of Extended Controls, such as
Camera Controls and FM Transmitter Controls. The Extended Controls API as well
as all Extended Controls classes are described in the following text.

1.9.2. The Extended Control API

Three new ioctls are available: VIDIOC_G_EXT_CTRLS, VIDIOC_S_EXT_CTRLS
and VIDIOC_TRY_EXT_CTRLS. These ioctls act on arrays of controls (as opposed to
the VIDIOC_G_CTRL and VIDIOC_S_CTRL ioctls that act on a single control). This
is needed since it is often required to atomically change several controls at once.

Each of the new ioctls expects a pointer to a struct v412_ext_controls. This structure
contains a pointer to the control array, a count of the number of controls in that
array and a control class. Control classes are used to group similar controls into a
single class. For example, control class v41.2_CTRI,_CLASS_USER contains all user
controls (i. e. all controls that can also be set using the old vIDIOC_S_CTRL ioctl).
Control class V4L2_CTRL_CLASS_MPEG contains all controls relating to MPEG
encoding, etc.

All controls in the control array must belong to the specified control class. An error
is returned if this is not the case.
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It is also possible to use an empty control array (count == 0) to check whether the
specified control class is supported.

The control array is a struct v412_ext_control array. The v412_ext_control structure
is very similar to struct v412_control, except for the fact that it also allows for 64-bit
values and pointers to be passed.

It is important to realize that due to the flexibility of controls it is necessary to check
whether the control you want to set actually is supported in the driver and what the
valid range of values is. So use the VIDIOC_QUERYCTRL and VIDIOC_QUERYMENU
ioctls to check this. Also note that it is possible that some of the menu indices in a
control of type V4L2_CTRL_TYPE_MENU may not be supported
(VIDIOC_QUERYMENU will return an error). A good example is the list of supported
MPEG audio bitrates. Some drivers only support one or two bitrates, others support
a wider range.

1.9.3. Enumerating Extended Controls

The recommended way to enumerate over the extended controls is by using
VIDIOC_QUERYCTRL in combination with the V41L.2_CTRL_FLAG_NEXT_CTRL flag:

struct v41l2_queryctrl gctrl;

gctrl.id = V4L2_CTRL_FLAG_NEXT_CTRL;

while (0 == ioctl (fd, VIDIOC_QUERYCTRL, &qgctrl)) {
/* .. %/
gctrl.id |= V4L2_CTRL_FLAG_NEXT_CTRL;

}

The initial control ID is set to 0 ORed with the V41L2_CTRL_FLAG_NEXT_CTRL
flag. The vIDIOC_QUERYCTRL ioctl will return the first control with a higher ID
than the specified one. When no such controls are found an error is returned.

If you want to get all controls within a specific control class, then you can set the
initial gctrl. id value to the control class and add an extra check to break out of
the loop when a control of another control class is found:

gctrl.id = V4L2_CTRL_CLASS_MPEG | V4L2_CTRL_FLAG_NEXT_CTRL;

while (0 == ioctl (fd, VIDIOC_QUERYCTRL, &qgctrl)) {
if (V4L2_CTRL_ID2CLASS (gctrl.id) != V4L2_CTRL_CLASS_MPEG)
break;
[*x .. %/
gctrl.id |= V4L2_CTRL_FLAG_NEXT_CTRL;

}



Chapter 1. Common API Elements

The 32-bit gctrl. id value is subdivided into three bit ranges: the top 4 bits are
reserved for flags (e. g. V4L2_CTRL_FLAG_NEXT_CTRL) and are not actually part
of the ID. The remaining 28 bits form the control ID, of which the most significant
12 bits define the control class and the least significant 16 bits identify the control
within the control class. It is guaranteed that these last 16 bits are always non-zero
for controls. The range of 0x1000 and up are reserved for driver-specific controls.
The macro v4L2_CTRL_ID2CLASS (id) returns the control class ID based on a
control ID.

If the driver does not support extended controls, then VIDTOC_QUERYCTRL will fail
when used in combination with v41L2_CTRL_FLAG_NEXT_CTRL. In that case the old
method of enumerating control should be used (see 1.8). But if it is supported, then

it is guaranteed to enumerate over all controls, including driver-private controls.

1.9.4. Creating Control Panels

It is possible to create control panels for a graphical user interface where the user
can select the various controls. Basically you will have to iterate over all controls
using the method described above. Each control class starts with a control of type
V4L2_ CTRL_TYPE_ CTRL_CLASS. VIDIOC_QUERYCTRL will return the name of
this control class which can be used as the title of a tab page within a control panel.

The flags field of struct v412_queryctrl also contains hints on the behavior of the
control. See the VIDIOC_QUERYCTRL documentation for more details.

1.9.5. MPEG Control Reference

Below all controls within the MPEG control class are described. First the generic
controls, then controls specific for certain hardware.

1.9.5.1. Generic MPEG Controls

Table 1-2. MPEG Control IDs

ID Type
Description

VA1,2_CID_MPEG_CLASS class

The MPEG class descriptor. Calling VvIDIOC_QUERYCTRL for this control
will return a description of this control class. This description can be used as
the caption of a Tab page in a GUI, for example.
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ID Type
Description

V4L2_CID_MPEG_STREAM_TYPE enum v412_mpeg_stream_type

The MPEG-1, -2 or -4 output stream type. One cannot assume anything here.
Each hardware MPEG encoder tends to support different subsets of the
available MPEG stream types. The currently defined stream types are:
ENTRYTBL not supported.
V41L2_CID_MPEG_STREAM_PID_PMT integer
Program Map Table Packet ID for the MPEG transport stream (default 16)
V4L2_CID_MPEG_STREAM_PID_AUDInteger
Audio Packet ID for the MPEG transport stream (default 256)
V4L2_CID_MPEG_STREAM_PID_VIDEinteger
Video Packet ID for the MPEG transport stream (default 260)

V4L2_CID_MPEG_STREAM_PID_PCR integer

Packet ID for the MPEG transport stream carrying PCR fields (default 259)

V4L2_CID_MPEG_STREAM PES_ID_Aimeger

Audio ID for MPEG PES
V4L2_CID_MPEG_STREAM_PES_ID_ViMmEger

Video ID for MPEG PES
V4L2_CID_MPEG_STREAM VBI_FMT enum v412_mpeg_stream_vbi_fmt

Some cards can embed VBI data (e. g. Closed Caption, Teletext) into the

MPEG stream. This control selects whether VBI data should be embedded,
and if so, what embedding method should be used. The list of possible VBI
formats depends on the driver. The currently defined VBI format types are:
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ID Type
Description
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_SAMPLING_ERm®@ v412_mpeg_audio_sampling_freq

MPEG Audio sampling frequency. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_ENCODING enum v412_mpeg_audio_encoding

MPEG Audio encoding. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_L1_BITRATEnum v412_mpeg_audio_l1_bitrate

MPEG-1/2 Layer I bitrate. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_L2_BITRATEnum v412_mpeg_audio_l2_bitrate

MPEG-1/2 Layer II bitrate. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_L3_BITRATEnum v412_mpeg_audio_l3_bitrate

MPEG-1/2 Layer III bitrate. Possible values are:
ENTRYTBL not supported.

V41L2_CID_MPEG_AUDIO_AAC_BITRAiMeger
AAC bitrate in bits per second.
V4L2_CID_MPEG_AUDIO_AC3_BITRAERUmM v412_mpeg_audio_ac3_bitrate

AC-3 bitrate. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_MODE enum v412_mpeg_audio_mode
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ID Type
Description
MPEG Audio mode. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_MODE_EXTEEswm@NW412_mpeg_audio_mode_extension

Joint Stereo audio mode extension. In Layer I and II they indicate which
subbands are in intensity stereo. All other subbands are coded in stereo.
Layer III is not (yet) supported. Possible values are:

ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_EMPHASIS enum v412_mpeg_audio_emphasis

Audio Emphasis. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_CRC enum v412_mpeg_audio_crc

CRC method. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_AUDIO_MUTE boolean
Mutes the audio when capturing. This is not done by muting audio hardware,

which can still produce a slight hiss, but in the encoder itself, guaranteeing a
fixed and reproducible audio bitstream. O = unmuted, 1 = muted.

V4L2_CID_MPEG_VIDEO_ENCODING enum v412_mpeg_video_encoding

MPEG Video encoding method. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG _VIDEO_ASPECT enum v412_mpeg_video_aspect

Video aspect. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_VIDEO_B_FRAMES integer

Number of B-Frames (default 2)
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ID Type
Description

V4L2_CID_MPEG_VIDEO_GOP_SIZE integer
GOP size (default 12)
V4L2_CID_MPEG_VIDEO_GOP_CLOSUB@olean
GOP closure (default 1)
V41L2_CID_MPEG_VIDEO_PULLDOWN boolean
Enable 3:2 pulldown (default 0)
V4L2_CID_MPEG_VIDEO_BITRATE_Men&m v412_mpeg_video_bitrate_mode

Video bitrate mode. Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_VIDEO_BITRATE integer
Video bitrate in bits per second.

V4L2_CID_MPEG_VIDEO_BRI TRATE_P‘EH{ngI‘

Peak video bitrate in bits per second. Must be larger or equal to the average
video bitrate. It is ignored if the video bitrate mode is set to constant bitrate.

V4L2_CID_MPEG_VIDEO_TEMPORAL_IREZMATION

For every captured frame, skip this many subsequent frames (default 0).
V4L2_CID_MPEG_VIDEO_MUTE boolean

"Mutes" the video to a fixed color when capturing. This is useful for testing,

to produce a fixed video bitstream. 0 = unmuted, 1 = muted.

V4L2_CID_MPEG_VIDEO_MUTE_YUV integer

Sets the "mute" color of the video. The supplied 32-bit integer is interpreted
as follows (bit 0 = least significant bit):
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ID Type
Description
ENTRYTBL not supported.

1.9.5.2. CX2341x MPEG Controls

The following MPEG class controls deal with MPEG encoding settings that are
specific to the Conexant CX23415 and CX23416 MPEG encoding chips.

Table 1-3. CX2341x Control IDs

ID Type
Description

V4L2_CID_MPEG_CX2341X_VIDEO_SeAmmAXIZ impeg ox2341x_video_spatial_filter_mode

Sets the Spatial Filter mode (default MANUAL). Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_CX2341X_VIDEO_ShrEger(0F ILTER
15)

The setting for the Spatial Filter. O = off, 15 = maximum. (Default is 0.)
V4L2_CID_MPEG_CX2341X_VIDEO_LomamSEA2 impeg 1ax2:34 1xypidleo_luma_spatial_filter_type
Select the algorithm to use for the Luma Spatial Filter (default 1D_HOR).
Possible values:
ENTRYTBL not supported.
V4L2_CID_MPEG_CX2341X_VIDEO_CEromA432ampeg ex23ddx_video_chroma_spatial_filter_ty
Select the algorithm for the Chroma Spatial Filter (default 1D_HOR). Possible
values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_CX2341X_VIDEO_TeEMPORAL? FmpegReX234H x_video_temporal_filter_mode

Sets the Temporal Filter mode (default MANUAL). Possible values are:
ENTRYTBL not supported.
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ID Type
Description

V4L2_CID_MPEG_CX2341X_VIDEO_TiMegaA(- FILTER
31)

The setting for the Temporal Filter. O = off, 31 = maximum. (Default is 8 for
full-scale capturing and O for scaled capturing.)

V4L2_CID_MPEG_CX2341X_VIDEO_Menumv4d2 impeg ToxX341x_video_median_filter_type

Median Filter Type (default OFF). Possible values are:
ENTRYTBL not supported.

V4L2_CID_MPEG_CX2341X VIDEO_LiMagtE0IAN_FILTER BOTTOM
255)

Threshold above which the luminance median filter is enabled (default 0)

V4L2_CID_MPEG_CX2341X VIDEO_LimMag®t§0IAN FILTER_TOP
255)

Threshold below which the luminance median filter is enabled (default 255)

V4L2_CID_MPEG_CX2341X_VIDEO_CHRepEr (AEDIAN_FILTER_BOTTOM
255)

Threshold above which the chroma median filter is enabled (default 0)

V4L2_CID_MPEG_CX2341X_ VIDEO_CHReger (AEDIAN_FILTER_TOP
255)

Threshold below which the chroma median filter is enabled (default 255)

V4L2_CID_MPEG_CX2341X_STREAM_boGkRAM_NAV_PACKETS

The CX2341X MPEG encoder can insert one empty MPEG-2 PES packet
into the stream between every four video frames. The packet size is 2048
bytes, including the packet_start_code_prefix and stream_id fields. The
stream_id is OxBF (private stream 2). The payload consists of 0x00 bytes, to
be filled in by the application. 0 = do not insert, 1 = insert packets.
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1.9.6. Camera Control Reference

The Camera class includes controls for mechanical (or equivalent digital) features
of a device such as controllable lenses or sensors.

Table 1-4. Camera Control IDs

ID Type
Description

V4L2_CID_CAMERA_CLASS class
The Camera class descriptor. Calling VvIDIOC_QUERYCTRL for this control
will return a description of this control class.

V4L2_CID_EXPOSURE_AUTO enum v412_exposure_auto_type

Enables automatic adjustments of the exposure time and/or iris aperture. The
effect of manual changes of the exposure time or iris aperture while these
features are enabled is undefined, drivers should ignore such requests.
Possible values are:

ENTRYTBL not supported.

V4L2_CID_EXPOSURE_ABSOLUTE  integer
Determines the exposure time of the camera sensor. The exposure time is
limited by the frame interval. Drivers should interpret the values as 100
textmus units, where the value 1 stands for 1/10000th of a second, 10000 for
1 second and 100000 for 10 seconds.

V4L2_ CID EXPOSURE_AUTO_PRIORIBbdolean

When v41.2_CID_EXPOSURE_AUTO is set to AUTO or APERTURE_PRIORITY,
this control determines if the device may dynamically vary the frame rate. By
default this feature is disabled (0) and the frame rate must remain constant.

V4L2_CID_PAN_RELATIVE integer
This control turns the camera horizontally by the specified amount. The unit
is undefined. A positive value moves the camera to the right (clockwise when
viewed from above), a negative value to the left. A value of zero does not
cause motion. This is a write-only control.

V4L2_CID_TILT RELATIVE integer
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ID Type
Description

This control turns the camera vertically by the specified amount. The unit is
undefined. A positive value moves the camera up, a negative value down. A
value of zero does not cause motion. This is a write-only control.

V412 _CID_PAN RESET button

When this control is set, the camera moves horizontally to the default
position.

V4L2_CID_TILT_RESET button
When this control is set, the camera moves vertically to the default position.

V4L2_CID_PAN_ABSOLUTE integer
This control turns the camera horizontally to the specified position. Positive
values move the camera to the right (clockwise when viewed from above),

negative values to the left. Drivers should interpret the values as arc seconds,
with valid values between -180 * 3600 and +180 * 3600 inclusive.

V4L2_CID_TILT_ABSOLUTE integer
This control turns the camera vertically to the specified position. Positive
values move the camera up, negative values down. Drivers should interpret
the values as arc seconds, with valid values between -180 * 3600 and +180 *
3600 inclusive.

V4L2_CID_FOCUS_ABSOLUTE integer
This control sets the focal point of the camera to the specified position. The
unit is undefined. Positive values set the focus closer to the camera, negative
values towards infinity.

V4L2_CID_FOCUS_RELATIVE integer
This control moves the focal point of the camera by the specified amount.
The unit is undefined. Positive values move the focus closer to the camera,
negative values towards infinity. This is a write-only control.

V4L2_CID_FOCUS_AUTO boolean
Enables automatic focus adjustments. The effect of manual focus
adjustments while this feature is enabled is undefined, drivers should ignore
such requests.
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ID Type
Description

V4L2_CID_ZOOM_ABSOLUTE integer
Specify the objective lens focal length as an absolute value. The zoom unit is
driver-specific and its value should be a positive integer.

V4L2_CID_ZOOM_RELATIVE integer
Specify the objective lens focal length relatively to the current value. Positive
values move the zoom lens group towards the telephoto direction, negative
values towards the wide-angle direction. The zoom unit is driver-specific.
This is a write-only control.

V4L2_CID_ZOOM_CONTINUOUS integer
Move the objective lens group at the specified speed until it reaches physical
device limits or until an explicit request to stop the movement. A positive
value moves the zoom lens group towards the telephoto direction. A value of
zero stops the zoom lens group movement. A negative value moves the zoom
lens group towards the wide-angle direction. The zoom speed unit is
driver-specific.

V4L2_CID_IRIS_ABSOLUTE integer

This control sets the camera’s aperture to the specified value. The unit is
undefined. Larger values open the iris wider, smaller values close it.

V4L2_CID_IRIS_RELATIVE integer
This control modifies the camera’s aperture by the specified amount. The
unit is undefined. Positive values open the iris one step further, negative
values close it one step further. This is a write-only control.

V4L2_CID_PRIVACY boolean
Prevent video from being acquired by the camera. When this control is set to
TRUE (1), no image can be captured by the camera. Common means to
enforce privacy are mechanical obturation of the sensor and firmware image
processing, but the device is not restricted to these methods. Devices that
implement the privacy control must support read access and may support
write access.

V4L2_CID_BAND_STOP_FILTER integer
Switch the band-stop filter of a camera sensor on or off, or specify its
strength. Such band-stop filters can be used, for example, to filter out the
fluorescent light component.
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1.9.7. FM Transmitter Control Reference

The FM Transmitter (FM_TX) class includes controls for common features of FM
transmissions capable devices. Currently this class includes parameters for audio
compression, pilot tone generation, audio deviation limiter, RDS transmission and
tuning power features.

Table 1-5. FM_TX Control IDs

ID Type
Description

V4L2_CID_FM_TX_ CLASS class
The FM_TX class descriptor. Calling VIDIOC_QUERYCTRL for this control
will return a description of this control class.

V4L2_CID_RDS_TX_DEVIATION integer
Configures RDS signal frequency deviation level in Hz. The range and step
are driver-specific.

VA4L2_CID_RDS_TX_PI integer
Sets the RDS Programme Identification field for transmission.

V4L2_CID_RDS_TX PTY integer
Sets the RDS Programme Type field for transmission. This encodes up to 31
pre-defined programme types.

V4L2_CID_RDS_TX_PS_NAME string
Sets the Programme Service name (PS_NAME) for transmission. It is
intended for static display on a receiver. It is the primary aid to listeners in
programme service identification and selection. In Annex E of EN 50067, the
RDS specification, there is a full description of the correct character
encoding for Programme Service name strings. Also from RDS specification,
PS is usually a single eight character text. However, it is also possible to find
receivers which can scroll strings sized as 8 x N characters. So, this control
must be configured with steps of 8 characters. The result is it must always
contain a string with size multiple of 8.

V4L2_CID_RDS_TX_RADIO_TEXT  string
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ID Type
Description
Sets the Radio Text info for transmission. It is a textual description of what is
being broadcasted. RDS Radio Text can be applied when broadcaster wishes
to transmit longer PS names, programme-related information or any other
text. In these cases, RadioText should be used in addition to
V4L2_CID_RDS_TX_PS_NAME. The encoding for Radio Text strings is also
fully described in Annex E of EN 50067. The length of Radio Text strings
depends on which RDS Block is being used to transmit it, either 32 (2A
block) or 64 (2B block). However, it is also possible to find receivers which
can scroll strings sized as 32 x N or 64 x N characters. So, this control must
be configured with steps of 32 or 64 characters. The result is it must always
contain a string with size multiple of 32 or 64.

V4L2_ CID AUDIO_LIMITER_ENABLEDbooOlean

Enables or disables the audio deviation limiter feature. The limiter is useful

when trying to maximize the audio volume, minimize receiver-generated

distortion and prevent overmodulation.
V4L2_CID_AUDIO_LIMITER_RELEASHtEIOE

Sets the audio deviation limiter feature release time. Unit is in useconds. Step
and range are driver-specific.
V4L2_CID_AUDIO_LIMI TER_DEVIATMBTgeI‘

Configures audio frequency deviation level in Hz. The range and step are
driver-specific.
V4L2_CID_AUDIO_COMPRESSION_ENhaaknn

Enables or disables the audio compression feature. This feature amplifies
signals below the threshold by a fixed gain and compresses audio signals
above the threshold by the ratio of Threshold/(Gain + Threshold).

V4L2_CID_AUDIO_COMPRESSI ON_GA'ﬁNeger

Sets the gain for audio compression feature. It is a dB value. The range and
step are driver-specific.
V4L2_CID_AUDIO_COMPRESSION_THREESEEILD

Sets the threshold level for audio compression freature. It is a dB value. The
range and step are driver-specific.
V4L2_CID_AUDIO_COMPRESSION_ATImHEZerT IME
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ID Type
Description
Sets the attack time for audio compression feature. It is a useconds value.
The range and step are driver-specific.
V4L2_CID_AUDIO_COMPRESSION_REirRager TIME

Sets the release time for audio compression feature. It is a useconds value.

The range and step are driver-specific.
V4L2_CID_PILOT_TONE_ENABLED boolean

Enables or disables the pilot tone generation feature.
V41L2_CID_PILOT_TONE_DEVIATIONinteger

Configures pilot tone frequency deviation level. Unit is in Hz. The range and
step are driver-specific.
V4L2_CID_PILOT_TONE_FREQUENCYinteger

Configures pilot tone frequency value. Unit is in Hz. The range and step are
driver-specific.

V4L2_CID_TUNE_PREEMPHASIS integer
Configures the pre-emphasis value for broadcasting. A pre-emphasis filter is
applied to the broadcast to accentuate the high audio frequencies. Depending
on the region, a time constant of either 50 or 75 useconds is used. The
enum v412_preemphasis defines possible values for pre-emphasis. Here they
are:
ENTRYTBL not supported.

V4L2_CID_TUNE_POWER_LEVEL integer
Sets the output power level for signal transmission. Unit is in dBuV. Range
and step are driver-specific.

V4L2_CID_TUNE_ANTENNA_CAPACITQReger

This selects the value of antenna tuning capacitor manually or automatically
if set to zero. Unit, range and step are driver-specific.

For more details about RDS specification, refer to EN 50067 document, from
CENELEC.
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1.10. Data Formats

36

1.10.1. Data Format Negotiation

Different devices exchange different kinds of data with applications, for example
video images, raw or sliced VBI data, RDS datagrams. Even within one kind many
different formats are possible, in particular an abundance of image formats.
Although drivers must provide a default and the selection persists across closing
and reopening a device, applications should always negotiate a data format before
engaging in data exchange. Negotiation means the application asks for a particular
format and the driver selects and reports the best the hardware can do to satisfy the
request. Of course applications can also just query the current selection.

A single mechanism exists to negotiate all data formats using the aggregate

struct v412_format and the vIDI0C_G_FMT and VIDIOC_S_FMT ioctls.
Additionally the vIDIOC_TRY_FMT ioctl can be used to examine what the hardware
could do, without actually selecting a new data format. The data formats supported
by the V4L.2 API are covered in the respective device section in Chapter 4. For a
closer look at image formats see Chapter 2.

The vIDIOC_S_FMT ioctl is a major turning-point in the initialization sequence.
Prior to this point multiple panel applications can access the same device
concurrently to select the current input, change controls or modify other properties.
The first vIDIOC_S_FMT assigns a logical stream (video data, VBI data etc.)
exclusively to one file descriptor.

Exclusive means no other application, more precisely no other file descriptor, can
grab this stream or change device properties inconsistent with the negotiated
parameters. A video standard change for example, when the new standard uses a
different number of scan lines, can invalidate the selected image format. Therefore
only the file descriptor owning the stream can make invalidating changes.
Accordingly multiple file descriptors which grabbed different logical streams
prevent each other from interfering with their settings. When for example video
overlay is about to start or already in progress, simultaneous video capturing may
be restricted to the same cropping and image size.

When applications omit the vIDI0OC_s_FMT ioctl its locking side effects are
implied by the next step, the selection of an I/O method with the VIDIOC_REQBUFS
ioctl or implicit with the first read () orwrite () call.

Generally only one logical stream can be assigned to a file descriptor, the exception
being drivers permitting simultaneous video capturing and overlay using the same
file descriptor for compatibility with V4L and earlier versions of V4L2. Switching
the logical stream or returning into "panel mode" is possible by closing and
reopening the device. Drivers may support a switch using VIDIOC_S_FMT.
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All drivers exchanging data with applications must support the vIDIOC_G_FMT and
VIDIOC_S_FMT ioctl. Implementation of the vIDIOC_TRY_FMT is highly
recommended but optional.

1.10.2. Image Format Enumeration

Apart of the generic format negotiation functions a special ioctl to enumerate all
image formats supported by video capture, overlay or output devices is available."

The vIDIOC_ENUM_FMT ioctl must be supported by all drivers exchanging image
data with applications.

Important: Drivers are not supposed to convert image formats in kernel
space. They must enumerate only formats directly supported by the hardware.
If necessary driver writers should publish an example conversion routine or
library for integration into applications.

1.11. Single- and multi-planar APIs

Some devices require data for each input or output video frame to be placed in
discontiguous memory buffers. In such cases, one video frame has to be addressed
using more than one memory address, i.e. one pointer per "plane". A plane is a
sub-buffer of the current frame. For examples of such formats see Chapter 2.

Initially, V4L2 API did not support multi-planar buffers and a set of extensions has
been introduced to handle them. Those extensions constitute what is being referred
to as the "multi-planar API".

Some of the V4L2 API calls and structures are interpreted differently, depending on
whether single- or multi-planar API is being used. An application can choose
whether to use one or the other by passing a corresponding buffer type to its ioctl
calls. Multi-planar versions of buffer types are suffixed with an ‘_MPLANE’ string.
For a list of available multi-planar buffer types see enum v412_buf_type.

1.11.1. Multi-planar formats

Multi-planar API introduces new multi-planar formats. Those formats use a
separate set of FourCC codes. It is important to distinguish between the
multi-planar API and a multi-planar format. Multi-planar API calls can handle all
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single-planar formats as well (as long as they are passed in multi-planar API
structures), while the single-planar API cannot handle multi-planar formats.

1.11.2. Calls that distinguish between single and
multi-planar APIs

VIDIOC_QUERYCAP

Two additional multi-planar capabilities are added. They can be set together
with non-multi-planar ones for devices that handle both single- and
multi-planar formats.

VIDIOC_G_FMT, VIDIOC_S_FMT, VIDIOC_TRY_FMT

New structures for describing multi-planar formats are added:
struct v412_pix_format_mplane and struct v412_plane_pix_format. Drivers
may define new multi-planar formats, which have distinct FourCC codes from
the existing single-planar ones.

VIDIOC_QBUF, VIDIOC_DQBUF, VIDIOC_QUERYBUF
A new struct v412_plane structure for describing planes is added. Arrays of this
structure are passed in the new m. planes field of struct v412_buffer.

VIDIOC_REQBUFS

Will allocate multi-planar buffers as requested.

1.12. Image Cropping, Insertion and Scaling

38

Some video capture devices can sample a subsection of the picture and shrink or
enlarge it to an image of arbitrary size. We call these abilities cropping and scaling.
Some video output devices can scale an image up or down and insert it at an
arbitrary scan line and horizontal offset into a video signal.

Applications can use the following API to select an area in the video signal, query
the default area and the hardware limits. Despite their name, the

VIDIOC _CROPCAP, VIDIOC_G_CROP and VIDIOC_S_CROP ioctls apply to input as
well as output devices.

Scaling requires a source and a target. On a video capture or overlay device the
source is the video signal, and the cropping ioctls determine the area actually
sampled. The target are images read by the application or overlaid onto the graphics
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screen. Their size (and position for an overlay) is negotiated with the
VIDIOC_G_FMT and VIDIOC_S_FMT ioctls.

On a video output device the source are the images passed in by the application, and
their size is again negotiated with the VIDIOC_G/S_FMT ioctls, or may be encoded
in a compressed video stream. The target is the video signal, and the cropping ioctls
determine the area where the images are inserted.

Source and target rectangles are defined even if the device does not support scaling
or the VIDIOC_G/S_CROP ioctls. Their size (and position where applicable) will be
fixed in this case. All capture and output device must support the VIDIOC_CROPCAP
ioctl such that applications can determine if scaling takes place.

1.12.1. Cropping Structures

Figure 1-1. Image Cropping, Insertion and Scaling

crop.pdf

For capture devices the coordinates of the top left corner, width and height of the
area which can be sampled is given by the bounds substructure of the

struct v412_cropcap returned by the vIDI0C_CROPCAP ioctl. To support a wide
range of hardware this specification does not define an origin or units. However by
convention drivers should horizontally count unscaled samples relative to OH (the
leading edge of the horizontal sync pulse, see Figure 4-1). Vertically ITU-R line
numbers of the first field (Figure 4-2, Figure 4-3), multiplied by two if the driver
can capture both fields.

The top left corner, width and height of the source rectangle, that is the area actually
sampled, is given by struct v412_crop using the same coordinate system as

struct v412_cropcap. Applications can use the VIDIOC_G_CROP and
VIDIOC_S_CROP ioctls to get and set this rectangle. It must lie completely within
the capture boundaries and the driver may further adjust the requested size and/or
position according to hardware limitations.

Each capture device has a default source rectangle, given by the defrect
substructure of struct v412_cropcap. The center of this rectangle shall align with the
center of the active picture area of the video signal, and cover what the driver writer
considers the complete picture. Drivers shall reset the source rectangle to the default
when the driver is first loaded, but not later.
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For output devices these structures and ioctls are used accordingly, defining the
target rectangle where the images will be inserted into the video signal.

1.12.2. Scaling Adjustments

Video hardware can have various cropping, insertion and scaling limitations. It may
only scale up or down, support only discrete scaling factors, or have different
scaling abilities in horizontal and vertical direction. Also it may not support scaling
at all. At the same time the struct v412_crop rectangle may have to be aligned, and
both the source and target rectangles may have arbitrary upper and lower size limits.
In particular the maximum width and height in struct v412_crop may be smaller
than the struct v412_cropcap.bounds area. Therefore, as usual, drivers are expected
to adjust the requested parameters and return the actual values selected.

Applications can change the source or the target rectangle first, as they may prefer a
particular image size or a certain area in the video signal. If the driver has to adjust
both to satisfy hardware limitations, the last requested rectangle shall take priority,
and the driver should preferably adjust the opposite one. The VIDIOC_TRY_FMT
1octl however shall not change the driver state and therefore only adjust the
requested rectangle.

Suppose scaling on a video capture device is restricted to a factor 1:1 or 2:1 in
either direction and the target image size must be a multiple of 16 x 16 pixels. The
source cropping rectangle is set to defaults, which are also the upper limit in this
example, of 640 x 400 pixels at offset 0, 0. An application requests an image size
of 300 x 225 pixels, assuming video will be scaled down from the "full picture"
accordingly. The driver sets the image size to the closest possible values 304 x 224,
then chooses the cropping rectangle closest to the requested size, that is 608 x 224
(224 x 2:1 would exceed the limit 400). The offset 0, O is still valid, thus
unmodified. Given the default cropping rectangle reported by VIDIOC_CROPCAP
the application can easily propose another offset to center the cropping rectangle.

Now the application may insist on covering an area using a picture aspect ratio
closer to the original request, so it asks for a cropping rectangle of 608 x 456 pixels.
The present scaling factors limit cropping to 640 x 384, so the driver returns the
cropping size 608 x 384 and adjusts the image size to closest possible 304 x 192.

1.12.3. Examples

Source and target rectangles shall remain unchanged across closing and reopening a
device, such that piping data into or out of a device will work without special
preparations. More advanced applications should ensure the parameters are suitable
before starting 1/0.
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Example 1-10. Resetting the cropping parameters
(A video capture device is assumed; change V41L2_BUF_TYPE_VIDEO_CAPTURE
for other devices.)
struct v41l2_cropcap cropcap;

struct v41l2_crop crop;

memset (&cropcap, 0, sizeof (cropcap));
cropcap.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;

if (-1 == ioctl (fd, VIDIOC_CROPCAP, é&cropcap)) {
perror ("VIDIOC_CROPCAP");

exit (EXIT_FAILURE);

}

memset (&crop, 0, sizeof (crop));
crop.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
crop.c = cropcap.defrect;
/* Ignore if cropping is not supported (EINVAL). x*/
if (-1 == ioctl (fd, VIDIOC_S_CROP, &cCrop)
&& errno != EINVAL) {
perror ("VIDIOC_S_CROP");

exit (EXIT_FAILURE);
}

Example 1-11. Simple downscaling

(A video capture device is assumed.)

struct v41l2_cropcap cropcap;
struct v412_format format;

reset_cropping_parameters ();

/* Scale down to 1/4 size of full picture. =*/

memset (&format, 0, sizeof (format)); /* defaults =/
format.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
format.fmt.pix.width = cropcap.defrect.width >> 1;

format.fmt.pix.height = cropcap.defrect.height >> 1;
format.fmt.pix.pixelformat = V4L2_PIX_FMT_YUYV;
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if (-1 == ioctl (fd, VIDIOC_S_FMT, &format)) {
perror ("VIDIOC_S_FORMAT");

exit (EXIT_FAILURE) ;

}

/+ We could check the actual image size now, the actual scaling factor

or 1f the driver can scale at all. =/

Example 1-12. Selecting an output area

struct v41l2_cropcap cropcap;
struct v41l2_crop crop;

memset (&cropcap, 0, sizeof (cropcap));
cropcap.type = V4L2_BUF_TYPE_VIDEO_OUTPUT;

if (-1 == ioctl (fd, VIDIOC_CROPCAP;, &cropcap)) {
perror ("VIDIOC_CROPCAP");

exit (EXIT_FAILURE);

}

memset (&crop, 0, sizeof (crop));

crop.type = V4L2_BUF_TYPE_VIDEO_OUTPUT;
crop.c = cropcap.defrect;

/+ Scale the width and height to 50 % of their original size
and center the output. =/

crop.c.width /= 2;
crop.c.height /= 2;
crop.c.left += crop.c.width / 2;
crop.c.top += crop.c.height / 2;

/+ Ignore if cropping is not supported (EINVAL). x/

if (-1 == ioctl (fd, VIDIOC_S_CROP, &crop)
&& errno != EINVAL) {

perror ("VIDIOC_S_CROP");

exit (EXIT_FAILURE);

1
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Example 1-13. Current scaling factor and pixel aspect

(A video capture device is assumed.)

struct
struct
struct
double
double

memset

v4l2_cropcap cropcap;

v4l2_crop crop;

v41l2_format format;

hscale, vscale;

aspect;
int dwidth, dheight;

(&cropcap, 0, sizeof (cropcap));
cropcap.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;

if (-1 == ioctl (fd, VIDIOC_CROPCAP, &cropcap)) {
perror ("VIDIOC_CROPCAP");
exit (EXIT_FAILURE);
}
memset (&crop, 0, sizeof (crop));
crop.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
if (-1 == ioctl (fd, VIDIOC_G_CROP, &crop)) {
if (errno != EINVAL) {
perror ("VIDIOC_G_CROP");
exit (EXIT_FAILURE);

}

/* Cropping not supported. x/

crop.c

}

memset

if (-1

perror

exit

}

/% The

hscale
vscale

aspect

cropcap.defrect;

(&format, 0, sizeof (format));
format.fmt.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;

== ioctl (fd, VIDIOC_G_FMT, &format)) {

("VIDIOC_G_FMT");
(EXIT_FAILURE) ;

scaling applied by the driver. =*/

format.fmt.pix.width / (double) crop.c.width;

format.fmt.pix.height / (double) crop.c.height;

cropcap.pixelaspect.numerator /

(double) cropcap.pixelaspect.denominator;

aspect

aspect * hscale / vscale;
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/+ Devices following ITU-R BT.601 do not capture
square pixels. For playback on a computer monitor
we should scale the images to this size. */

dwidth = format.fmt.pix.width / aspect;
dheight = format.fmt.pix.height;

1.13. Streaming Parameters

Streaming parameters are intended to optimize the video capture process as well as
I/0O. Presently applications can request a high quality capture mode with the
VIDIOC_S_PARM ioctl.

The current video standard determines a nominal number of frames per second. If
less than this number of frames is to be captured or output, applications can request
frame skipping or duplicating on the driver side. This is especially useful when
using the read () or write (), which are not augmented by timestamps or
sequence counters, and to avoid unnecessary data copying.

Finally these ioctls can be used to determine the number of buffers used internally
by a driver in read/write mode. For implications see the section discussing the
read () function.

To get and set the streaming parameters applications call the vIDIOC_G_PARM and
VIDIOC_S_PARM ioctl, respectively. They take a pointer to a

struct v412_streamparm, which contains a union holding separate parameters for
input and output devices.

These ioctls are optional, drivers need not implement them. If so, they return the
EINVAL error code.

Notes

44

1. Access permissions are associated with character device special files, hence we
must ensure device numbers cannot change with the module load order. To this
end minor numbers are no longer automatically assigned by the "videodev"
module as in V4L but requested by the driver. The defaults will suffice for most
people unless two drivers compete for the same minor numbers.

2. In earlier versions of the V4L2 API the module options where named after the
device special file with a "unit_" prefix, expressing the minor number itself, not
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an offset. Rationale for this change is unknown. Lastly the naming and
semantics are just a convention among driver writers, the point to note is that
minor numbers are not supposed to be hardcoded into drivers.

Given a device file name one cannot reliable find related devices. For once
names are arbitrary and in a system with multiple devices, where only some
support VBI capturing, a /dev/video2 is not necessarily related to
/dev/vbi2. The VAL vIDIOCGUNIT ioctl would require a search for a device
file with a particular major and minor number.

Drivers could recognize the 0_EXCL open flag. Presently this is not required, so
applications cannot know if it really works.

Actually struct v412_audio ought to have a tuner field like struct v412_input,
not only making the API more consistent but also permitting radio devices with
multiple tuners.

Some users are already confused by technical terms PAL, NTSC and SECAM.
There is no point asking them to distinguish between B, G, D, or K when the
software or hardware can do that automatically.

An alternative to the current scheme is to use pointers to indices as arguments
of VIDIOC_G_STD and VIDIOC_S_STD, the struct v412_input and
struct v412_output std field would be a set of indices like audioset.

Indices are consistent with the rest of the API and identify the standard unambiguously.
In the present scheme of things an enumerated standard is looked up by v412_std_id.
Now the standards supported by the inputs of a device can overlap. Just assume the tuner
and composite input in the example above both exist on a device. An enumeration of
"PAL-B/G", "PAL-H/I" suggests a choice which does not exist. We cannot merge or omit
sets, because applications would be unable to find the standards reported by
VIDIOC_G_STD. That leaves separate enumerations for each input. Also selecting a
standard by v412_std_id can be ambiguous. Advantage of this method is that applications
need not identify the standard indirectly, after enumerating.

So in summary, the lookup itself is unavoidable. The difference is only whether the
lookup is necessary to find an enumerated standard or to switch to a standard by
v412_std_id.

See Section 3.5 for a rationale. Probably even USB cameras follow some well
known video standard. It might have been better to explicitly indicate elsewhere
if a device cannot live up to normal expectations, instead of this exception.

It will be more convenient for applications if drivers make use of the
V4L2_CTRL_FLAG_DISABLED flag, but that was never required.

Applications could call an ioctl to request events. After another process called
VIDIOC_S_CTRL or another ioctl changing shared properties the select ()
function would indicate readability until any ioctl (querying the properties) is
called.
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11. Enumerating formats an application has no a-priori knowledge of (otherwise it
could explicitly ask for them and need not enumerate) seems useless, but there
are applications serving as proxy between drivers and the actual video
applications for which this is useful.
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The V4L2 API was primarily designed for devices exchanging image data with
applications. The v412_pix_format and v412_pix_format_mplane structures define
the format and layout of an image in memory. The former is used with the
single-planar API, while the latter is used with the multi-planar version (see Section
1.11). Image formats are negotiated with the viproc_s_rMT ioctl. (The
explanations here focus on video capturing and output, for overlay frame buffer
formats see also VIDIOC_G_FBUF.)

2.1. Single-planar format structure

Table 2-1. struct v412_pix_format

_u32 width Image width in pixels.

_u32 height Image height in pixels.

Applications set these fields to request an image size, drivers return the closest

possible values. In case of planar formats the width and height applies to the

largest plane. To avoid ambiguities drivers must return values rounded up to a

multiple of the scale factor of any smaller planes. For example when the image

format is YUV 4:2:0, width and height must be multiples of two.

_u32 pixelformat The pixel format or type of
compression, set by the application. This
is a little endian four character code.
V4L2 defines standard RGB formats in
Table 2-1, YUV formats in Section 2.7,
and reserved codes in Table 2-10

enum v412_field field Video images are typically interlaced.
Applications can request to capture or
output only the top or bottom field, or
both fields interlaced or sequentially
stored in one buffer or alternating in
separate buffers. Drivers return the
actual field order selected. For details
see Section 3.6.

_u32 bytesperline Distance in bytes between the leftmost
pixels in two adjacent lines.
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Both applications and drivers can set this field to request padding bytes at the end
of each line. Drivers however may ignore the value requested by the application,
returning width times bytes per pixel or a larger value required by the hardware.
That implies applications can just set this field to zero to get a reasonable default.
Video hardware may access padding bytes, therefore they must reside in
accessible memory. Consider cases where padding bytes after the last line of an
image cross a system page boundary. Input devices may write padding bytes, the
value is undefined. Output devices ignore the contents of padding bytes.

When the image format is planar the bytesperline value applies to the largest
plane and is divided by the same factor as the width field for any smaller planes.
For example the Cb and Cr planes of a YUV 4:2:0 image have half as many
padding bytes following each line as the Y plane. To avoid ambiguities drivers
must return a bytesperline value rounded up to a multiple of the scale factor.

_u32 sizeimage Size in bytes of the buffer to hold a
complete image, set by the driver.
Usually this is bytesperline times
height. When the image consists of
variable length compressed data this is
the maximum number of bytes required
to hold an image.

enum v412_colorspaceolorspace This information supplements the
pixelformat and must be set by the
driver, see Section 2.4.

_u32 priv Reserved for custom (driver defined)
additional information about formats.
When not used drivers and applications
must set this field to zero.

2.2. Multi-planar format structures

The v412_plane_pix_format structures define size and layout for each of the planes
in a multi-planar format. The v412_pix_format_mplane structure contains
information common to all planes (such as image width and height) and an array of
v412_plane_pix_format structures, describing all planes of that format.

Table 2-2. struct vl42_plane_pix_format
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_u32 sizeimage Maximum size in bytes required for
image data in this plane.

_ul6 bytesperline Distance in bytes between the leftmost
pixels in two adjacent lines.

_ul6 reserved([7] Reserved for future extensions. Should
be zeroed by the application.

Table 2-3. struct v4l12_pix_format_mplane

_u32 width Image width in pixels.

_u32 height Image height in pixels.

_u32 pixelformat The pixel format. Both single- and
multi-planar four character codes can be
used.

enum v412_field field See struct v412_pix_format.

enum v412_colorspaceolorspace See struct v412_pix_format.

struct v412_plane_pixo farmatrmt [ VIDEO_Am drmyAfseiictures describing format
of each plane this pixel format consists
of. The number of valid entries in this
array has to be put in the num_planes
field.

_u8 num_planes Number of planes (i.e. separate memory
buffers) for this format and the number
of valid entries in the plane fmt array.

_u8 reserved[11] Reserved for future extensions. Should
be zeroed by the application.

2.3. Standard Image Formats

In order to exchange images between drivers and applications, it is necessary to
have standard image data formats which both sides will interpret the same way.
V4L2 includes several such formats, and this section is intended to be an
unambiguous specification of the standard image data formats in V4L2.

V4L2 drivers are not limited to these formats, however. Driver-specific formats are
possible. In that case the application may depend on a codec to convert images to
one of the standard formats when needed. But the data can still be stored and
retrieved in the proprietary format. For example, a device may support a proprietary
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compressed format. Applications can still capture and save the data in the
compressed format, saving much disk space, and later use a codec to convert the
images to the X Windows screen format when the video is to be displayed.

Even so, ultimately, some standard formats are needed, so the V4L2 specification
would not be complete without well-defined standard formats.

The V4L2 standard formats are mainly uncompressed formats. The pixels are
always arranged in memory from left to right, and from top to bottom. The first byte
of data in the image buffer is always for the leftmost pixel of the topmost row.
Following that is the pixel immediately to its right, and so on until the end of the top
row of pixels. Following the rightmost pixel of the row there may be zero or more
bytes of padding to guarantee that each row of pixel data has a certain alignment.
Following the pad bytes, if any, is data for the leftmost pixel of the second row from
the top, and so on. The last row has just as many pad bytes after it as the other rows.

In V4L.2 each format has an identifier which looks like PIX_FMT_ XXX, defined in
the videodev.h header file. These identifiers represent four character (FourCC)
codes which are also listed below, however they are not the same as those used in
the Windows world.

For some formats, data is stored in separate, discontiguous memory buffers. Those
formats are identified by a separate set of FourCC codes and are referred to as
"multi-planar formats". For example, a YUV422 frame is normally stored in one
memory buffer, but it can also be placed in two or three separate buffers, with Y
component in one buffer and CbCr components in another in the 2-planar version or
with each component in its own buffer in the 3-planar case. Those sub-buffers are
referred to as "planes”.

2.4. Colorspaces
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[intro]

Gamma Correction

[to do]

E = f(R)
E’G =1(G)
E’ = f(B)

Construction of luminance and color-difference signals

[to do]
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E’ = Coeff E’ + Coeff E’_ + Coeff E’,
(B -E ) =FE -Coeff E’ -Coeff E’_-Coeff E’
(E',-E ) =E"_ -Coeff E’ -Coeff E’_ - Coeff E’
Re-normalized color-difference signals
The color-difference signals are scaled back to unity range [-0.5;+0.5]:
K, =0.5/(1 - Coeff))
K, =0.5/(1 - Coeff)

535: K, (', -E)=0.5 (Coeff, / Coeff ) E'_+ 0.5 (Coeff_/ Coeff ) E’_+
SE
B

P =K (E -E )= 0.5 E’ + 0.5 (CoeffG / CoeffR) E’G +0.5 (CoeffB /
CoeffR) E’
Quantization
[to do]
Y’ = (Lum. Levels - 1) - E’_ + Lum. Offset
CB = (Chrom. Levels - 1) - PB + Chrom. Offset
C, = (Chrom. Levels - 1) - P, + Chrom. Offset

Rounding to the nearest integer and clamping to the range [0;255] finally
yields the digital color components Y’ CbCr stored in YUV images.

Example 2-1. ITU-R Rec. BT.601 color conversion

Forward Transformation

int ER, EG, EB; /* gamma corrected RGB input [0;255] */
int Y1, Cb, Cr; /* output [0;255] =%/
double r, g, b; /* temporaries */

double y1, pb, pr;

int
clamp (double x)
{

int r = x; /+ round to nearest =/
if (r < 0) return O;

else 1f (r > 255) return 255;

else return r;

}
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«Q

\al
pb

Y1
Cb
Cr

al

Y1
Cb
Cr

ER / 255.0;

= EG / 255.0;
= EB / 255.0;

= 0.299 +« r
= -0.169 + r
= 0.5 * T

= clamp (219 =«

clamp (224 =

clamp (224 «*

or shorter =/

0.299 % ER +

= clamp ( (219
= clamp (((224
= clamp (((224

Inverse Transformation

int
int

dou
dou

int

Yl, Cb, Cr;
ER, EG, EB;

ble r, g, b;

ble y1, pb, pr;

clamp (double x)

{

in

if

el

el
}

vl
pb
pr

Q
Il

ER
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+ 0.587 » g + 0.114 «* Db
- 0.331 » g + 0.5 * b;
- 0.419 x g - 0.081 «* Db

vyl + 16);

pb + 128);
pr + 128);

0.587 » EG + 0.114 = EB;

/ 255.0) x yl + 16)
/ 255.0) / (2 - 2 % 0.114)) % (EB - yl) + 128
/ 255.0) / (2 - 2 % 0.299)) = (ER — yl) + 128

/+* gamma pre—-corrected input [0;255] */
/* output [0;255] «/

/* temporaries x/

t r = x; /* round to nearest =/
(r < 0) return 0;
se 1f (r > 255) return 255;

se

= (255 / 219.0)
= (255 / 224.0)
= (255 / 224.0)

*

vl + 0

o e
o o o
*

*

return r;

* (Y1 - 16);
(Cb - 128);
* (Cr — 128)

*

14

* pb + 1.402 * pr;

vyl — 0.344 « pb - 0.714 * pr;
vyl + 1.772 = pb + 0 * pr;

= clamp (r % 255); /+ [0ok? one should prob. limit yl,pb,pr]

)7
) ;



EG = clamp

EB

(g = 255);

clamp (b = 255);

Table 2-4. enum v412_colorspace
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Identifier Descrip@bnomaticitiesa Lu-| Quantiza-
Value White| Gammmi- |[tion
Point |Cor- |nance
Red Blue rec- \Ev "y T b,
Green tion Cr
V4L2_COHORSEINESCARRILEL 7 0M E =
ac- x=0.680=0.310=0.155=0.3123,1 for(1. 299 OE y224PpR + 128
cord- |y=0.340=0.599=0.079=0.329099 Im@.SSj]?LI’G
ing to IMu- {0.099 for 0.014 ETs
SMPTE 170M mi-
ITU BT.601 nant
Des
V4L2_CORORSPARS- SMPTE240M E =
Line |[x=0.680=0.310=0.158=0.3127for ] .QIRE&XI9 E’ y224PsR + 128
(US) |y=0.340=0.599=0.079=0.3290,115{kH.701 E’c
HDTV, Iu- |0.1115/fe0082X8 & 1
see mi-
SMPTE 240M nant
Dess
V4L2_LOoBoRSHADAMEC709 E =
and |x=0.640=0.300=0.150=0.3123,1 for(. ZIRO B8O E’y224@Ps k + 128
mod- |y=0.3830=0.600=0.060=0.329099 1p40.7154 E’c
ern Ilu- | 0.099 for 0.0T3 kK’s
de- mi-
vices, nant
see Des
ITU BT.709
V4L2_LCOMORSHBIORERTS7 8 ? ? ? ?
Bt878 0.299 EX37 E’y224®Ps R + 128
ex- +0.587E’c | (prob-
tentso, +0.114E’s ably)
ITU BT.601
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Identifier DescripGbnomaticitiesa Lu-| Quantiza-
Value White| Gammmi- |[tion
Point |Cor- |nance
Red Blue :iicr; E Y Cb,
Green Cr
V4L2_COBORSIMMNTEo_SYSTEM_M ?
ac- x=0.6x=0.21x=0.14x=0.3]0, 0.299 EXI9 E’y224@Ps R + 128
cord- |y=0.3By =0.7]ly =0.08y =0.3]16, +0.587E’c
ing to Ilu- +0.114E’s
ITUBT.470, mi-
ITUBT.601 nant
C
V4L2_COMORSERSE_470_SYSTEM_BG ?
line |[x=0.64x=0.29x=0.15x=0.3]13, 0.299 EXI9 E’y224@Ps R + 128
PAL |y=0.3By =0.60y =0.06y = 0.329, +0.587E’c
and Ilu- +0.114E’s
SE- mi-
CAM nant
Sys- Dess
tems
ac-
cord-
ing to
ITU BT.470,
ITUBT.601
V4L2_{COTIORSHREG JPES ? ? ? ?
Y’Cb(r, 0.299 E256 E’y256@s R + 128
see +0.587E’G
JFIF, +0.114E’s
ITUBT.601
VA4L2_COBORSHALE_SRGB E = n/a
x=0.640=0.300=0.150=0.3123,1 for I <0.018,
y =0.380=0.609=0.060= 0.3290199 Ip.s -
Iu- |0.099 for 0.018 <1
mi-
nant
Des
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Identifier DescripGbnomaticitiesa Lu-| Quantiza-
Value White| Gammmi- |[tion
Point |Cor- |nance
Red Blue :iicr; E Y Cb,
Green Cr
Notes:

a. The coordinates of the color primaries are given in the CIE system (1931)

b. The ubiquitous Bt878 video capture chip quantizes E’y to 238 levels, yielding
arange of Y’ =16... 253, unlike Rec. 601 Y’ =16 ... 235. This is not a typo in
the Bt878 documentation, it has been implemented in silicon. The chroma extents
are unclear.

c. No identifier exists for M/PAL which uses the chromaticities of M/NTSC, the
remaining parameters are equal to B and G/PAL.

d. Note JFIF quantizes Y ’PsPr in range [0;+1] and [-0.5;+0.5] to 257 levels,
however Y’ CbCr signals are still clamped to [0;255].

2.5. Indexed Format

In this format each pixel is represented by an 8 bit index into a 256 entry ARGB
palette. It is intended for Video Output Overlays only. There are no ioctls to access
the palette, this must be done with ioctls of the Linux framebuffer API.

Table 2-5. Indexed Image Format

Identifier Byte 0
Code

Bif6543210

V4L2_PIX_FMT_PALS
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2.6. RGB Formats

Packed RGB formats

Name

Packed RGB formats — Packed RGB formats

Description

These formats are designed to match the pixel formats of typical PC graphics frame
buffers. They occupy 8, 16, 24 or 32 bits per pixel. These are all packed-pixel
formats, meaning all the data for a pixel lie next to each other in memory.

When one of these formats is used, drivers shall report the colorspace
V4L2_COLORSPACE_SRGB.

Table 2-1. Packed RGB Image Formats

Identifier Byte 0 in Byte 1 Byte 2 Byte 3
Codmemory

Bif6543210 76543210 76543210 76543210

V4L2_PIX_FMT_RGB332
"RGBilBog2gi gorz 11 10

V4L2_PIX_FMT_RGB444
"R44ebg>gigobsbabibo  asazaraorsr2 i ro

V4L2_PIX_FMT_RGB555
'RGBQigorarsrariro a babsbabibogsgs

VA4L2_PIX_FMT_RGB565
'RGBBigorarsrarito  babsb2bibogsgags

V4L2_PIX_FMT_RGB555X
"RGB®@4bsb2bibogags  g2gigors 13 12 11 10
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Identifier Byte 0 in Byte 1 Byte 2 Byte 3
Codmemory

BifT6543210 76543210 76543210 76543210

V4L2_PIX_FMT_RGB565X
"RGBR:b2bibogsgags  g2gigorarar2ri 1o

VA4L2_PIX_FMT_BGR666
"BGRib2bsb2bibogsgs g3gegigorsrarsrz 1110

V4L2_PIX_FMT_BGR24
"'BGRBsbsbabsbabibo  g7g6gsgagsgagigo 1716 15 14 13 12 11 1o

VA4L2_PIX_FMT_RGB24
‘RGBXsrsrarmsreriro g7g26g5g423222120 brbsbsbabsb2bibo

V4L2_PIX_FMT_BGR32
"'BGRABsbsbsbsbabibo  g7g6g5g4g3g2g1g0 r7r6rsrar3r2TiTo  a7asasasasazalao

V4L2_PIX_FMT_RGB32
‘RGB4s rsrarsrariro g7g6g5g483g28120  brbsbsbabsbabibo  azasasasasazaiao

Bit 7 is the most significant bit. The value of a = alpha bits is undefined when
reading from the driver, ignored when writing to the driver, except when alpha
blending has been negotiated for a Video Overlay or Video Output Overlay.

Example 2-1. v4L2_PIX FMT_ BGR24 4 X 4 pixel image

Byte Order. Each cell is one byte.
start +0:  Boo Goo Roo Bor Gor Roir Boze Goz Ro2 Bos Goz Ros
start+ 12: Bio Gio Rio Biu Gii Rii Biz Giz2 Riz2 Biz Giz Ris

start +24: B2o Gxo R B2z G2 R B2 G2 R2 B G2z R
start + 36: B3z Gz Rso B3t Gt Rsit B2 G322 Rz B3z Gz Rss

Important: Drivers may interpret these formats differently.
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Some RGB formats above are uncommon and were probably defined in error.
Drivers may interpret them as in Table 2-2.

Table 2-2. Packed RGB Image Formats (corrected)

Identifier Byte 0 in Byte 1 Byte 2 Byte 3
Codmemory

BifT6543210 76543210 76543210 76543210

V4L2_PIX_FMT_RGB332
"RGBIr1 ro g2g1gobibo

V4L2_PIX_FMT_RGB444
"R44gb’g> g1 gobsb2bibo

V4L2_PIX_FMT_RGB555
"RGB{2' gobsbsb2bibo

V4L2_PIX_FMT_RGB565
"RGBR1 gobabsb2bibo

V4L2_PIX_FMT_RGB555X
"RGBQi 13 12 11 10 24 23

VA4L2_PIX_FMT_RGB565X
"RGBR3 12 11 10 2584 23

V4L2_PIX_FMT_BGR666
"BGRib2bsb2bibogs gs

VA4L2_PIX_FMT_BGR24
"BGRB6bsbabsb2bibo

V412 PIX FMT RGB24
"RGBs 15 r4 13 12 11 10
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azazalraors r2 ri ro

a 413121110 g483

4 T3 T2 T1 To 858423

2281 20babzb2bibo

2281 g0babzbabibo

238281 0I5 T4 13 I2

8786858483828180

8780858483828180

I1 10

716 I's I'4 I'3 I2 I'L 10

b7bsbsbabsb2bibo
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Identifier Byte 0 in Byte 1 Byte 2 Byte 3
Codmemory

BifT6543210 76543210 76543210 76543210

V4L2_PIX_FMT_BGR32
"'BGR#ABsbsbsbsb2bibo  g7g6gsgagigagigo rrrersrar3r2riTo  arasasasasazaiao

V4L2_PIX_FMT_RGB32
‘RGBAdsasasazazaiao 17r6rsrar3rariro  g7g6g5g4g3g28120  brbsbsbabsbabibo

A test utility to determine which RGB formats a driver actually supports is available
from the LinuxTV v4l-dvb repository. See http://linuxtv.org/repo/ for access
instructions.

V4L2_PIX_FMT_SBGGRS ('BA81’)

Name

V4L2_PIX_FMT_SBGGR8 — Bayer RGB format

Description

This is commonly the native format of digital cameras, reflecting the arrangement
of sensors on the CCD device. Only one red, green or blue value is given for each
pixel. Missing components must be interpolated from neighbouring pixels. From
left to right the first row consists of a blue and green value, the second row of a
green and red value. This scheme repeats to the right and down for every two
columns and rows.

Example 2-1. v4L2_PIX FMT_SBGGRS 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Boo Goi Bo2 Gos
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start + 4: Gio Ru G2 Riz
start + &: B2o Gz B2 G2
start + 12: Gao R3i Ga2 R33

V4L2_PIX_FMT_SGBRGS8 ('GBRG’)

Name

V4L2_PIX_FMT_SGBRGS — Bayer RGB format

Description

This is commonly the native format of digital cameras, reflecting the arrangement
of sensors on the CCD device. Only one red, green or blue value is given for each
pixel. Missing components must be interpolated from neighbouring pixels. From
left to right the first row consists of a green and blue value, the second row of a red
and green value. This scheme repeats to the right and down for every two columns
and rows.

Example 2-1. v4L2_PIX FMT_ SGBRGS 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Goo Boi Goz Bos
start + 4 Rio G Rz Gi3
start + 8: G0 B2 G2 B2
start + 12: Rao Gsi Ra2 Gs3
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V4L2_PIX_FMT_SGRBGS8 ('GRBG’)

Name

V4L2_PIX_FMT_SGRBGS8 — Bayer RGB format

Description

This is commonly the native format of digital cameras, reflecting the arrangement
of sensors on the CCD device. Only one red, green or blue value is given for each
pixel. Missing components must be interpolated from neighbouring pixels. From
left to right the first row consists of a green and blue value, the second row of a red
and green value. This scheme repeats to the right and down for every two columns
and rows.

Example 2-1. v4L2_PIX FMT_ SGRBGS 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Goo Roi Goz Ros
start + 4 Rio Bn Rz B3
start + 8: G2o R2i G2 Ro3
start + 12: Rao Bai Ra2 B33

V4L2 PIX_FMT SRGGBS (RGGB’)

Name

V4L2_PIX_FMT_SRGGB8 — Bayer RGB format
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Description

This is commonly the native format of digital cameras, reflecting the arrangement
of sensors on the CCD device. Only one red, green or blue value is given for each
pixel. Missing components must be interpolated from neighbouring pixels. From
left to right the first row consists of a red and green value, the second row of a green
and blue value. This scheme repeats to the right and down for every two columns
and rows.

Example 2-1. v4L2_PIX FMT SRGGBS8 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + 0: Roo Goi Roz Gos
start + 4: Gio B Gz Bis
start + 8: R2o Gz Rx G23
start + 12: G3o Bai Gx B33

V4L2 PIX_FMT SBGGR16 (BYR2’)

62

Name

V4L2_PIX_FMT_SBGGR16 — Bayer RGB format

Description

This format is similar to v41L.2_PIX_FMT_SBGGRS, except each pixel has a depth of
16 bits. The least significant byte is stored at lower memory addresses
(little-endian). Note the actual sampling precision may be lower than 16 bits, for
example 10 bits per pixel with values in range 0 to 1023.

Example 2-1. v4L2_PIX FMT SBGGR16 4 X 4 pixel image

Byte Order. Each cell is one byte.
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start + O: Boolow Boonigh Gollow Golhigh Bozlow I
start + &: Giotow Gi0nigh Ritiow Riinign Gi2tow G
start + 16: Booiow Boohigh Gailow G21high B22iow B:
start + 24: G30low G30nigh R311ow R31nigh G32low G

V4L2_PIX_FMT_SRGGB10 ('RG10’),
V4L2_PIX_FMT_SGRBG10 ('BA10’),
V4L2_PIX_FMT_SGBRG10 ('GB10’),
V4L2_PIX_FMT_SBGGR10 ('BG10’),

Name

V4L2_PIX_FMT_SRGGB10, V4L2_PIX FMT_SGRBG10,
V4L2_PIX_FMT_SGBRG10, V4L2_PIX_FMT_SBGGR10 — 10-bit Bayer formats
expanded to 16 bits

Description

The following four pixel formats are raw sSRGB / Bayer formats with 10 bits per
colour. Each colour component is stored in a 16-bit word, with 6 unused high bits
filled with zeros. Each n-pixel row contains n/2 green samples and n/2 blue or red
samples, with alternating red and blue rows. Bytes are stored in memory in little
endian order. They are conventionally described as GRGR... BGBG..., RGRG...
GBGB..., etc. Below is an example of one of these formats

Example 2-1. v4L2_PIX FMT SBGGR10 4 X 4 pixel image

Byte Order. Each cell is one byte, high 6 bits in high bytes are 0.

start + O: Bootow Boohigh Gotlow Gotnigh Boziow I
start + 8: Giolow G 10high Ritiow Riinigh Gi2low G
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start + 16: Boolow Bo2onigh Ga1low G21high Bo2iow
start + 24: G3olow G30nigh R3itiow R31nign G321ow

V4L2_PIX_FMT_SRGGB12 ('RG12’),

64

V4L2_PIX_FMT_SGRBG12 ('BA12’),
V4L2_PIX_FMT_SGBRG12 ('GB12’),
V4L2_PIX_FMT_SBGGR12 ('BG12’),

Name

V4L2_PIX_FMT SRGGB12, V4L2 PIX FMT_SGRBG12,
V4L2_PIX_FMT_SGBRG12, VA4L2_PIX_FMT_SBGGR12 — 12-bit Bayer formats
expanded to 16 bits

Description

The following four pixel formats are raw sSRGB / Bayer formats with 12 bits per
colour. Each colour component is stored in a 16-bit word, with 6 unused high bits
filled with zeros. Each n-pixel row contains n/2 green samples and n/2 blue or red
samples, with alternating red and blue rows. Bytes are stored in memory in little
endian order. They are conventionally described as GRGR... BGBG..., RGRG...
GBGB..., etc. Below is an example of one of these formats

Example 2-1. v4L2_PIX FMT_SBGGR12 4 X 4 pixel image

Byte Order. Each cell is one byte, high 6 bits in high bytes are 0.

start + O: Boolow Boonigh Gotlow Gotnigh Boztow
start + &: Giotow Gionigh Ritiow Ri1nigh Gi2tow
start + 16: Booiow B20nhigh Ga1low G21nigh B22iow
start + 24: G301ow G30high Rstiow R31hign G3210w

B:
G

E
G
B:
G
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2.7. YUV Formats

YUV is the format native to TV broadcast and composite video signals. It separates
the brightness information (Y) from the color information (U and V or Cb and Cr).
The color information consists of red and blue color difference signals, this way the
green component can be reconstructed by subtracting from the brightness
component. See Section 2.4 for conversion examples. YUV was chosen because
early television would only transmit brightness information. To add color in a way
compatible with existing receivers a new signal carrier was added to transmit the
color difference signals. Secondary in the YUV format the U and V components
usually have lower resolution than the Y component. This is an analog video
compression technique taking advantage of a property of the human visual system,
being more sensitive to brightness information.

Packed YUV formats

Name

Packed YUV formats — Packed YUV formats

Description

Similar to the packed RGB formats these formats store the Y, Cb and Cr component
of each pixel in one 16 or 32 bit word.

Table 2-1. Packed YUV Image Formats

Identifier Byte 0 in Byte 1 Byte 2 Byte 3
Codmemory

Bift6543210 76543210 76543210 76543210
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Identifier Byte 0 in Byte 1 Byte 2 Byte 3
Codmemory

BifT6543210 76543210 76543210 76543210

V4L2_PIX_FMT_YUV444
Y4441 e rCro azsazaiac Y Y'Y 'Y o

V4L2_PIX_FMT_YUV555
YUVRKCHICEiCro a Y'Y Y Y Y ' CHebs

V4L2_PIX_FMT_YUV565
YUVEBKHIICIE ICro Y'Y Y Y Y CHSHebs

V4L2_PIX_FMT_YUV32
YUMAsasasazazaiao YYXYYYYYY o ClEEGCECEKC b CreeC €1 iCro

Bit 7 is the most significant bit. The value of a = alpha bits is undefined when
reading from the driver, ignored when writing to the driver, except when alpha
blending has been negotiated for a Video Overlay or Video Output Overlay.

V4L2 PIX_FMT GREY ('GREY’)

Name

V4L2_PIX_FMT_GREY — Grey-scale image

Description

This is a grey-scale image. It is really a degenerate Y’ CbCr format which simply
contains no Cb or Cr data.
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Example 2-1. v4L2_PIX FMT_GREY 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo Yo Y02
start + 4: Yo Y'u Y2
start + 8: Y 20 Y’ Y22
start + 12: Y30 Y3 Y’

V4L2_ PIX_FMT_Y10 (’Y10°)

Name

V4L2_PIX_FMT_Y10 — Grey-scale image

Description

This is a grey-scale image with a depth of 10 bits per pixel. Pixels are stored in

Y03
Y13
Y23
Y’33

16-bit words with unused high bits padded with 0. The least significant byte is

stored at lower memory addresses (little-endian).

Example 2-1. v4L2_PIX FMT Y10 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Y’oolow Y oohigh Y otlow Y olhigh Y 02low Y 02high
start + &: Y’ioiow Y iohigh Y itlow Y 1thigh Y 12low Y I12high
start + 16: Y’ 2000w Y 20high Y 21low Y 2thigh Y 22low Y 22high
start + 24: Y’30io0w Y 30nigh Y 3tlow Y 3lhigh Y 32low Y 32high

Y’ 0310w

Y’ 1310w

Y’ 2310w

Y’ 3310w

Y’ 03high

Y’ 13high

Y’ 23high

Y’ 33high
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V4L2 PIX FMT Y12 ('Y12)

Name

V4L2_PIX_FMT_Y12 — Grey-scale image

Description

This is a grey-scale image with a depth of 12 bits per pixel. Pixels are stored in
16-bit words with unused high bits padded with 0. The least significant byte is
stored at lower memory addresses (little-endian).

Example 2-1. v4L2_PIX FMT Y12 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O:

start + &:

start + 16:

start + 24:
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Y’ 00tow

Y 1010w

Y’ 2010w

Y 3010w

Y’ 00high

Y’ 10high

Y’ 20nigh

Y ’30high

Y,Ollow

Y 1110w

Y,leow

Y 3110w

Y’ 01high

Y 11high

Y’ 21high

Y ’31high

Y’ 0210w

Y’ 1210w

Y’ 2210w

Y’ 3210w

Y’ 02nigh

Y’ 12high

Y’ 22nigh

Y ’32nigh

Y’ 0310w

Y’ 1310w

Y’ 2310w

Y’ 3310w

Y’ 03high

Y’ 13high

Y’ 23high

Y ’33high
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V4L2_PIX_FMT_Y10BPACK (’Y10B’)

Name

V4L2_PIX_FMT_Y10BPACK — Grey-scale image as a bit-packed array

Description

This is a packed grey-scale image format with a depth of 10 bits per pixel. Pixels
are stored in a bit-packed array of 10bit bits per pixel, with no padding between
them and with the most significant bits coming first from the left.

Example 2-1. v4L2_PIX FMT_Y10BPACK 4 pixel data stream taking 5 bytes

Bit-packed representation. pixels cross the byte boundary and have a ratio of 5
bytes for each 4 pixels.

Y’ o09:21 Y’ 0317:01
Y oor1:01Y 0119:41Y T013:01Y "029:61Y "02(5:01Y " 03(9:4]

V4L2 PIX_FMT Y16 (Y16 )

Name

V4L2_PIX_FMT_Y16 — Grey-scale image

Description

This is a grey-scale image with a depth of 16 bits per pixel. The least significant
byte is stored at lower memory addresses (little-endian). Note the actual sampling
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precision may be lower than 16 bits, for example 10 bits per pixel with values in
range 0 to 1023.

Example 2-1. v4L2_PIX FMT Y16 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Y’oolow Y oohigh Y otlow Y othigh Y 02low Y 02high Y 03low Y 03high
start + &: Y’ioiow Y iohigh Y itlow Y 1thigh Y 12low Y 12high Y 13low Y 13high
start + 16: Y’200w Y 20high Y 21ow Y 21high Y 22ow Y 22high Y 23low Y 23high
start + 24: Y’30iow Y 30nigh Y 3tlow Y 3thigh Y 32low Y 32high Y 33low Y 33high

V4L2 PIX_FMT YUYV (CYUYV’)
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Name

V4L2_PIX_ FMT_ YUYV — Packed format with ¥2 horizontal chroma resolution, also
known as YUV 4:2:2

Description

In this format each four bytes is two pixels. Each four bytes is two Y’s, a Cb and a
Cr. Each Y goes to one of the pixels, and the Cb and Cr belong to both pixels. As
you can see, the Cr and Cb components have half the horizontal resolution of the Y
component. V4L2_PIX_FMT_YUYV is known in the Windows environment as
YUY2.



Example 2-1. v4L2_PIX FMT_YUYV 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo
start + 8: Yo
start + 16: Y20
start + 24: Y30

Color Sample Location.

W N = O
<o << o

Cboo
Cbio
Cb2o
Cbso

OHONONe!

Yo
Y’
Y 2
Y31

p—

<<k

Croo
Crio
Cr2o
Cr3o

Y02
Y12
Y2
Y32

V4L2 PIX_FMT_UYVY (UYVY’)

Name

Chapter 2. Image Formats

Cboi
Cbni
Cbai
Cbs:

<R

Y03
Y13
Y’
Y’33

Croi
Crn
Cr21
Cr3i

O 000N

V4L2_PIX_FMT UYVY — Variation of v41L2_ PIX FMT_YUYV with different order

of samples in memory

Description

In this format each four bytes is two pixels. Each four bytes is two Y’s, a Cb and a

Cr. Each Y goes to one of the pixels, and the Cb and Cr belong to both pixels. As

you can see, the Cr and Cb components have half the horizontal resolution of the Y

component.
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Example 2-1. v4L2_PIX FMT_UYVY 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Cbowo Yoo Croo Yo Cbor Y02 Croi Y’ o3
start + 8: Cbio Yo Crio Y'u Cbni Y2 Cri Y3
start + 16: Cb2o Y20 Cr20 Y2 Cbai Y22 Cra Y23
start + 24: Cbso  Y’30 Cr3o Y31 Cbsi Y’ Cra Y33

Color Sample Location.

0 1 2
0 Y C Y Y C
1 Y C Y Y C
2 Y C Y Y C
3 Y C Y Y C

V4L2 PIX_FMT_YVYU (YVYU’)

Name

V4L2_PIX_FMT_ YVYU — Variation of v41L2_ PIX FMT_YUYV with different order
of samples in memory

Description

In this format each four bytes is two pixels. Each four bytes is two Y’s, a Cb and a
Cr. Each Y goes to one of the pixels, and the Cb and Cr belong to both pixels. As
you can see, the Cr and Cb components have half the horizontal resolution of the Y
component.
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Example 2-1. v4L2_PIX FMT_YVYU 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo
start + 8: Yo
start + 16: Y20
start + 24: Y30

Color Sample Location.

W N = O
<o << o

Croo
Crio
Cr20
Cr3o

OHONONe!

Yo
Y’
Y 2
Y31

p—

<<k

Cboo
Cbio
Cb2o
Cbso

Y02
Y12
Y2
Y32

V4L2 PIX_FMT VYUY (VYUY’)

Name
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Croi
Crn
Cr21
Cra1

<R

Y03
Y13
Y’
Y’33

Cbor
Cbui
Cba:
Cbs:

O 000N

V4L2_PIX_FMT VYUY — Variation of v41L2_ PIX FMT_YUYV with different order

of samples in memory

Description

In this format each four bytes is two pixels. Each four bytes is two Y’s, a Cb and a
Cr. Each Y goes to one of the pixels, and the Cb and Cr belong to both pixels. As
you can see, the Cr and Cb components have half the horizontal resolution of the Y

component.
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Example 2-1. v4L2_PIX FMT_VYUY 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Croo Y00 Cbow Yo Croi Y02  Cbo Y’ o3
start + 8: Crio Yo Cbio Y'n Cru Y12 Cbu Y3
start + 16: Cr20 Y20 Cbo  Y’a Cra Y’22  Cba Y’
start + 24: Cr3o Y30 Cbso  Y’s Cr31 Y’z  Cbs Y33

Color Sample Location.

W N = O
o< o
Q00N
I
I
o ONONe!

V4L2 PIX_FMT Y41P (Y41P’)

Name

V4L2_PIX_FMT_ Y41P — Format with ¥4 horizontal chroma resolution, also known
as YUV 4:1:1

Description

In this format each 12 bytes is eight pixels. In the twelve bytes are two CbCr pairs
and eight Y’s. The first CbCr pair goes with the first four Y’s, and the second CbCr
pair goes with the other four Y’s. The Cb and Cr components have one fourth the
horizontal resolution of the Y component.

Do not confuse this format with v4L2_PIx_ FMT_ YUV411P. Y41P is derived from
"YUV 4:1:1 packed", while YUV411P stands for "YUV 4:1:1 planar".
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Example 2-1. v4L2_PIX FMT_Y41P 8 X 4 pixel image

Byte Order. Each cell is one byte.

start +0:  Cboo Y’oo Croo Y’or Cbot Yo Croi Y3 Y4 Y'os Yoo Yo7
start + 12: Cbio Y’io Crio Y'nu Cbu Y2 Cru Y3 Y'is Y'is Y'ie Y17
start +24: Cb2o Y’20 Cr2o Y21 Cbat Y2 Crzi Y3 Y’ Y25 Y26 Y27

start + 36: Cbs Y’30 Cro Y’31 Cbst Y’32 Crai Y33 Y’3¢ Y’3ss Y6 Y'37

Color Sample Location.

W= O
< <K<K <o
T
oNeoNeoNe!
e S N
KoK KW
T L
e )
oNeoNeoNe!
g S S =)

V4L2 PIX_FMT YVU420 ('YV12),
V4L2 PIX_FMT_YUV420 ('YU12)

Name

V4L2_PIX_FMT_YVU420, V4L2_PIX_FMT_YUV420 — Planar formats with V2
horizontal and vertical chroma resolution, also known as YUV 4:2:0

Description

These are planar formats, as opposed to a packed format. The three components are
separated into three sub- images or planes. The Y plane is first. The Y plane has one
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byte per pixel. For v41.2_P1X_FMT_YVU420, the Cr plane immediately follows the
Y plane in memory. The Cr plane is half the width and half the height of the Y plane
(and of the image). Each Cr belongs to four pixels, a two-by-two square of the
image. For example, Cr belongsto Y’ ., Y’ .Y’ ,and Y’ .Following the Cr
plane is the Cb plane, just like the Cr plane. v41L.2_PIX_FMT_YUV420 is the same
except the Cb plane comes first, then the Cr plane.

If the Y plane has pad bytes after each row, then the Cr and Cb planes have half as
many pad bytes after their rows. In other words, two Cx rows (including padding) is
exactly as long as one Y row (including padding).

Example 2-1. v4L2_PIX FMT YVU420 4 x 4 pixel image

Byte Order. Each cell is one byte.

start + 0: Yoo Yo Y 02 Y03
start + 4: Y10 Y’'u Y12 Y13
start + 8: Y20 Y’ Y22 Y23
start + 12: Y30 Y3 Y’ Y33
start + 16: Croo Croi
start + 18: Crio Cru
start + 20: Cboo Cboi
start + 22: Cbio Cbii

Color Sample Location.

0 1 2

0 Y Y Y
C C

1 Y Y Y

2 Y Y Y
C C

3 Y Y Y
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V4L2_PIX_FMT_YUV420M (CYU12\°)

Name

V4L2_PIX_FMT_YUV420M — Variation of V4L2_PIX_FMT_YUV420 with planes
non contiguous in memory.

Description

This is a multi-planar format, as opposed to a packed format. The three components
are separated into three sub- images or planes. The Y plane is first. The Y plane has
one byte per pixel. The Cb data constitutes the second plane which is half the width
and half the height of the Y plane (and of the image). Each Cb belongs to four
pixels, a two-by-two square of the image. For example, Cb belongs to Y’ . Y’ .
Y’ ,and Y’ .The Cr data, just like the Cb plane, is in the third plane.

10°
If the Y plane has pad bytes after each row, then the Cb and Cr planes have half as
many pad bytes after their rows. In other words, two Cx rows (including padding) is
exactly as long as one Y row (including padding).

V4L2_PIX_FMT_NV12Mis intended to be used only in drivers and applications that
support the multi-planar API, described in Section 1.11.

Example 2-1. v4L2_PIX FMT_YVU420M 4 X 4 pixel image

Byte Order. Each cell is one byte.

startO + O: Y oo Y o1 Y o2 Y 03
startO + 4: Y’ 10 Y’u Y12 Y’13
startO + 8: Y’ 20 Y2 Y2 Y23
startO) + 12: Y30 Y31 Y32 Y33
startl + O: Cboo Cboi
start]l + 2: Cbio Cbii
start2 + O: Croo Cro1
start2 + 2: Crio Cri

Color Sample Location.
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0 Y Y Y

C C
1 Y Y Y
2 Y Y Y

C C
3 Y Y Y

V4L2_ PIX_FMT_YVU410 ('YVU9’),

78

V4L2_PIX_FMT_YUV410 ('YUV9’)

Name

V4L2_ PIX_FMT _YVU410, V4L2_PIX_FMT_ YUV410 — Planar formats with Y4
horizontal and vertical chroma resolution, also known as YUV 4:1:0

Description

These are planar formats, as opposed to a packed format. The three components are
separated into three sub-images or planes. The Y plane is first. The Y plane has one
byte per pixel. For v41.2_pPIX_FMT_YVU410, the Cr plane immediately follows the
Y plane in memory. The Cr plane is % the width and % the height of the Y plane
(and of the image). Each Cr belongs to 16 pixels, a four-by-four square of the
image. Following the Cr plane is the Cb plane, just like the Cr plane.
V4L2_PIX_FMT_YUVA410 is the same, except the Cb plane comes first, then the Cr
plane.

If the Y plane has pad bytes after each row, then the Cr and Cb planes have Y4 as
many pad bytes after their rows. In other words, four Cx rows (including padding)
are exactly as long as one Y row (including padding).
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Example 2-1. v4L2_PIX FMT_YVU410 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O:
start + 4:
start + 8:
start + 12:
start + 16:
start + 17:

Color Sample Location.

0
0 Y
1 Y
2 Y
3 Y

Yoo
Yo
Y 20
Y30
Croo
Cboo

Yo
Y'u
Y o
Y31

Y’ 02
Y12
Y2
Y’

V4L2_PIX_FMT _YUV422P (422P’)

Name

V4L2_PIX_FMT_YUV422P — Format with ¥2 horizontal chroma resolution, also
known as YUV 4:2:2. Planar layout as opposed to V4L2_PIX_FMT_YUYV

Description

This format is not commonly used. This is a planar version of the YUYV format.

Y03
Y13
Y23
Y’33

The three components are separated into three sub-images or planes. The Y plane is
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first. The Y plane has one byte per pixel. The Cb plane immediately follows the Y
plane in memory. The Cb plane is half the width of the Y plane (and of the image).
Each Cb belongs to two pixels. For example, Cb_ belongs to Y’ .Y’ . Following

the Cb plane is the Cr plane, just like the Cb plane.

If the Y plane has pad bytes after each row, then the Cr and Cb planes have half as
many pad bytes after their rows. In other words, two Cx rows (including padding) is
exactly as long as one Y row (including padding).

Example 2-1. v4L2_PIX FMT_YUV422P 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo Yo Y02 Y’ o3
start + 4: Yo Y'u Y2 Y3
start + 8: Y20 Y’ Y2 Y23
start + 12: Y30 Y31 Y’ Y33
start + 16: Cboo Cboi
start + 18: Cbio Cbii
start + 20: Cb2o Cbai
start + 22: Cbso Cbs:
start + 24: Croo Croi
start + 26: Crio Cru
start + 28: Cr20 Cra
start + 30: Cr3o Crsi

Color Sample Location.

W N = O
<o o
O ONONe!
<R
<R
oHONONe!

80

Ko < W



Chapter 2. Image Formats

V4L2 PIX_FMT _YUV411P ('411P’)

Name

V4L2_ PIX_ FMT_ YUV411P — Format with % horizontal chroma resolution, also
known as YUV 4:1:1. Planar layout as opposed to V4L2_PIX FMT_Y41P

Description

This format is not commonly used. This is a planar format similar to the 4:2:2
planar format except with half as many chroma. The three components are
separated into three sub-images or planes. The Y plane is first. The Y plane has one
byte per pixel. The Cb plane immediately follows the Y plane in memory. The Cb
plane is %4 the width of the Y plane (and of the image). Each Cb belongs to 4 pixels
all on the same row. For example, CbO belongs to Y’OO, Y’ow Y’02 and Y’03.
Following the Cb plane is the Cr plane, just like the Cb plane.

If the Y plane has pad bytes after each row, then the Cr and Cb planes have % as
many pad bytes after their rows. In other words, four C x rows (including padding)
is exactly as long as one Y row (including padding).

Example 2-1. v4L2_PIX FMT_YUV411P 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo Yo Y’ 02 Y03
start + 4: Y10 Y’n Y’z Y13
start + 8: Y20 Y2 Y2 Y2
start + 12: Y30 Y31 Y’3 Y33
start + 16: Cboo
start + 17: Cbio
start + 18: Cb2o
start + 19: Cbao
start + 20: Croo
start + 21: Crio
start + 22: Cr20
start + 23: Cr3o

Color Sample Location.
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W NN = O
I IS
o <
Q000
<

V4L2 PIX_FMT_NV12 ('NV12’),

82

V4L2 PIX_FMT_NV21 ('NV271’)

Name

V4L2_PIX_FMT_NV12, V4L2_PIX_FMT_NV21 — Formats with ¥2 horizontal and
vertical chroma resolution, also known as YUV 4:2:0. One luminance and one
chrominance plane with alternating chroma samples as opposed to
VAL2_PIX_FMT_YVU420

Description

These are two-plane versions of the YUV 4:2:0 format. The three components are
separated into two sub-images or planes. The Y plane is first. The Y plane has one
byte per pixel. For v4r.2_pI1X_FMT_NV12, a combined CbCr plane immediately
follows the Y plane in memory. The CbCr plane is the same width, in bytes, as the
Y plane (and of the image), but is half as tall in pixels. Each CbCr pair belongs to
four pixels. For example, CbO/CrO belongs to Y’OO, Y’Ol, Y’]O, Y’“.
V4L2_PIX_FMT_NV21 is the same except the Cb and Cr bytes are swapped, the
CrCb plane starts with a Cr byte.

If the Y plane has pad bytes after each row, then the CbCr plane has as many pad
bytes after its rows.

KoK KW



Example 2-1. v4L2_PIX FMT_NV12 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O:
start + 4:
start + 8:
start + 12:
start + 16:
start + 20:

Color Sample Location.

0
0 Y
1 Y
2 Y
3 Y

V4L2_ PIX_FMT_NV12M NV12M’)

Name

V4L2_PIX_FMT_NV12M— Variation of V4L2_PIX_FMT_NV12 with planes non

contiguous in memory.

Description

Yoo
Yo
Y 20
Y30
Cboo
Cbio

Yo
Y'u
Y o
Y31
Croo
Crio

Y02
Y2
Y2
Y32
Cbo:
Cbu

Y03
Y13
Y23
Y’33
Cro1
Crn

This is a multi-planar, two-plane version of the YUV 4:2:0 format. The three
components are separated into two sub-images or planes. V4L2_PIX_FMT_NV12M

Chapter 2. Image Formats
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differs from v41.2_PIX_FMT_NV12 in that the two planes are non-contiguous in
memory, i.e. the chroma plane do not necessarily immediately follows the luma
plane. The luminance data occupies the first plane. The Y plane has one byte per
pixel. In the second plane there is a chrominance data with alternating chroma
samples. The CbCr plane is the same width, in bytes, as the Y plane (and of the
image), but is half as tall in pixels. Each CbCr pair belongs to four pixels. For
example, Cb /Cr belongsto Y* .Y’ .Y .Y’ .

00’ o1’ 10’
V4L2_PIX_FMT_NV12Mis intended to be used only in drivers and applications that
support the multi-planar API, described in Section 1.11.

If the Y plane has pad bytes after each row, then the CbCr plane has as many pad
bytes after its rows.

Example 2-1. v4L2_PIX FMT NV12M 4 X 4 pixel image

Byte Order. Each cell is one byte.

startO + O: Yoo Yo Y02 Y’ o3
startO + 4: Yo Y’ u Y12 Y13
startO + 8: Y20 Y2 Y22 Y23
startQ + 12: Y30 Y31 Y32 Y33
startl + O: Cboo Croo Cbor Cror
start]l + 4: Cbio Crio Cbn Crn

Color Sample Location.

0 1 2

0 Y Y Y
C C

1 Y Y Y

2 Y Y Y
C C

3 Y Y Y
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V4L2_PIX_FMT_NV12MT ("TM12’)

Name

V4L2_ PIX_FMT NvV12MT — Formats with Y2 horizontal and vertical chroma
resolution. This format has two planes - one for luminance and one for
chrominance. Chroma samples are interleaved. The difference to
V4L2_PIX_FMT_NV12 is the memory layout. Pixels are grouped in macroblocks of
64x32 size. The order of macroblocks in memory is also not standard.

Description

This is the two-plane versions of the YUV 4:2:0 format where data is grouped into
64x32 macroblocks. The three components are separated into two sub-images or
planes. The Y plane has one byte per pixel and pixels are grouped into 64x32
macroblocks. The CbCr plane has the same width, in bytes, as the Y plane (and the
image), but is half as tall in pixels. The chroma plane is also grouped into 64x32
macroblocks.

Width of the buffer has to be aligned to the multiple of 128, and height alignment is
32. Every four adjactent buffers - two horizontally and two vertically are grouped
together and are located in memory in Z or flipped Z order.

Layout of macroblocks in memory is presented in the following figure.

Figure 2-1. v4L2_PIX FMT_ NV12MT macroblock Z shape memory layout

The requirement that width is multiple of 128 is implemented because, the Z shape
cannot be cut in half horizontally. In case the vertical resolution of macroblocks is
odd then the last row of macroblocks is arranged in a linear order.

In case of chroma the layout is identical. Cb and Cr samples are interleaved. Height
of the buffer is aligned to 32.

Example 2-1. Memory layout of macroblocks in v4L2_PIX FMT_Nv12 format
pixel image - extreme case

Figure 2-2. Example v41L2_PIX_FMT_NV12MT memory layout of macroblocks
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Memory layout of macroblocks of v41.2_PIX_FMT_NV12MT format in most
extreme case.

V4L2_PIX_FMT_NV16 ('NV16’),

86

V4L2_PIX_FMT_NV61 ('NV61°)

Name

V4L2_PIX_FMT _NV16, V4L2_PIX_FMT_NVé61 — Formats with ¥2 horizontal
chroma resolution, also known as YUV 4:2:2. One luminance and one chrominance
plane with alternating chroma samples as opposed to V4L2_PIX_FMT_YVU420

Description

These are two-plane versions of the YUV 4:2:2 format. The three components are
separated into two sub-images or planes. The Y plane is first. The Y plane has one
byte per pixel. For v41.2_pP1X_FMT_NV16, a combined CbCr plane immediately
follows the Y plane in memory. The CbCr plane is the same width and height, in
bytes, as the Y plane (and of the image). Each CbCr pair belongs to two pixels. For
example, Cb /Cr, belongs to Y* .Y’ .VvAL2_PIX_FMT_NV61 is the same except
the Cb and Cr bytes are swapped, the CrCb plane starts with a Cr byte.

If the Y plane has pad bytes after each row, then the CbCr plane has as many pad
bytes after its rows.

Example 2-1. v4L2_PIX FMT NV16 4 X 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo Yo Y02 Y’ o3
start + 4: Yo Y'u Y2 Y3
start + 8: Y20 Y’ Y2 Y23
start + 12: Y30 Y31 Y’ Y33
start + 16: Cboo Croo Cboi Croi
start + 20: Cbio Crio Cbu Crn
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start + 24: Cb2o Cr20 Cb2i Cr2
start + 28: Cbso Cr3o Cbsi Crsi

Color Sample Location.

0 1 2

0 Y Y Y
C C

1 Y Y Y
C C

2 Y Y Y
C C

3 Y Y Y
C C

V4L2 PIX_FMT M420 ('M420’)

Name

V4L2_PIX_FMT_M420 — Format with %2 horizontal and vertical chroma resolution,
also known as YUV 4:2:0. Hybrid plane line-interleaved layout.

Description

M420 is a YUV format with %2 horizontal and vertical chroma subsampling (YUV
4:2:0). Pixels are organized as interleaved luma and chroma planes. Two lines of
luma data are followed by one line of chroma data.

The luma plane has one byte per pixel. The chroma plane contains interleaved CbCr
pixels subsampled by Y2 in the horizontal and vertical directions. Each CbCr pair
belongs to four pixels. For example, Cb /Cr belongsto Y’ .Y’ . Y" .Y .

00’ o1’ 10°

All line lengths are identical: if the Y lines include pad bytes so do the CbCer lines.
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Example 2-1. v4L2_PIX FMT_M420 4 x 4 pixel image

Byte Order. Each cell is one byte.

start + O: Yoo Yo Y02 Y’ o3
start + 4: Yo Y'u Y2 Y3
start + 8: Cboo Croo Cbor Cror
start + 16: Y20 Y2 Y2 Y2
start + 20: Y30 Y31 Y32 Y33
start + 24: Cbio Crio Cbu Crn

Color Sample Location.

0 1 2

0 Y Y Y
C C

1 Y Y Y

2 Y Y Y
C C

3 Y Y Y

2.8. Compressed Formats

Table 2-9. Compressed Image Formats

Identifier Code Details

V4L2_PIX_FMT_JPEG ’JPEG’  TBD. See also VIDIOC_G_JPEGCOMP,
VIDIOC_S_JPEGCOMP.

V4L2_PIX_FMT_MPEG "MPEG’ MPEG stream. The actual format is
determined by extended control
V4L2_CID_MPEG_STREAM_TYPE, see
Table 1-2.
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2.9. Reserved Format Identifiers

These formats are not defined by this specification, they are just listed for reference
and to avoid naming conflicts. If you want to register your own format, send an
e-mail to the linux-media mailing list http://www.linuxtv.org/lists.php for inclusion
in the videodev?2.h file. If you want to share your format with other developers
add a link to your documentation and send a copy to the linux-media mailing list for
inclusion in this section. If you think your format should be listed in a standard
format section please make a proposal on the linux-media mailing list.

Table 2-10. Reserved Image Formats

Identifier Code Details

V4L2_PIX_FMT_DV *dvsd’ unknown

V4L2_PIX_FMT_ET61x251 ’E625°  Compressed format of the ET61X251
driver.

V4L2_PIX_FMT_HI240 "HI24> 8 bit RGB format used by the BTTV
driver.

V4L2_PIX_FMT_HM12 "HM 12> YUYV 4:2:0 format used by the IVTV

driver, http://www.ivtvdriver.org/
(http://www.ivtvdriver.org/)

The format is documented in the kernel

sources in the file
Documentation/video4linux/cx2341x/README.!

V4L2_PIX_FMT_CPIAl "CPIA” YUV format used by the gspca cpial
driver.
V4L2_PIX_FMT_SPCA501 ’S501° YUYV per line used by the gspca driver.

V4L2_PIX_FMT_SPCA505 ’S505”  YYUYV per line used by the gspca driver.

V4L2_PIX_FMT_SPCA508 ’S508°  YUVY per line used by the gspca driver.

V4L2_PIX_FMT_SPCA561 ’S561° Compressed GBRG Bayer format used
by the gspca driver.

V4L2_PIX_FMT_SGRBG10DPCMBBI10’ 10 bit raw Bayer DPCM compressed to
8 bits.

V4L2_PIX_FMT_PAC207 'P207° Compressed BGGR Bayer format used
by the gspca driver.

V4L2_PIX_FMT_MR973102A ’'M310° Compressed BGGR Bayer format used
by the gspca driver.
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Identifier Code
V4L2_PIX _FMT_OV511 *O511°
V4L2_PIX FMT 0OV518 0518’
V412 PIX_FMT_PJPG "PJPG’
VAL2_ PIX_FMT SQ905C ’905C°
V4L2_ PIX FMT MJPEG "MIPG’
V4L2_PIX_FMT_PWC1 "PWCI’
V4L2_PIX_FMT_PWC2 "PWC2’
V412 PIX_FMT_ SN9C10X ’S910°

VA4L2 PIX _FMT_SN9C20X_1428920°

VAL2_ PIX_FMT SN9Cc2028 ’'SONX’
V4L2_ PIX FMT STV0680 ’S680°

V4L2_PIX_FMT_WNVA "WNVA’
V4L2_PIX_FMT_TM6000 "TM60’

V4L2_PIX FMT CIT_YYvyuy 'CITV’

V4L2_PIX FMT KONICA420 'KONT

V412 PIX FMT_YYUV YYUV’
V4L2 PIX FMT_Y4 Y04~
VA4L2_PIX FMT Y6 Y06’

Details

OV511 JPEG format used by the gspca
driver.

OV518 JPEG format used by the gspca
driver.

Pixart 73xx JPEG format used by the
gspca driver.

Compressed RGGB bayer format used
by the gspca driver.

Compressed format used by the Zoran
driver

Compressed format of the PWC driver.
Compressed format of the PWC driver.
Compressed format of the SN9C102
driver.

YUYV 4:2:0 format of the gspca sn9c20x
driver.

Compressed GBRG bayer format of the
gspca sn9c2028 driver.

Bayer format of the gspca stv0680
driver.

Used by the Winnov Videum driver,
http://www.thedirks.org/winnov/
(http://www.thedirks.org/winnov/)
Used by Trident tm6000

Used by xirlink CIT, found at IBM
webcams.

Uses one line of Y then 1 line of VYUY

Used by Konica webcams.
YUV420 planar in blocks of 256 pixels.

unknown

Old 4-bit greyscale format. Only the
least significant 4 bits of each byte are
used, the other bits are set to 0.

Old 6-bit greyscale format. Only the
least significant 6 bits of each byte are
used, the other bits are set to 0.
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The V4L2 API defines several different methods to read from or write to a device.
All drivers exchanging data with applications must support at least one of them.

The classic I/0 method using the read () and write () function is automatically
selected after opening a V4L2 device. When the driver does not support this method
attempts to read or write will fail at any time.

Other methods must be negotiated. To select the streaming I/O method with
memory mapped or user buffers applications call the vID10C_REQBUFS ioctl. The
asynchronous 1/0 method is not defined yet.

Video overlay can be considered another I/O method, although the application does
not directly receive the image data. It is selected by initiating video overlay with the
VIDIOC_S_FMT ioctl. For more information see Section 4.2.

Generally exactly one /0O method, including overlay, is associated with each file
descriptor. The only exceptions are applications not exchanging data with a driver
("panel applications"”, see Section 1.1) and drivers permitting simultaneous video
capturing and overlay using the same file descriptor, for compatibility with V4L and
earlier versions of V4L2.

VIDIOC_S_FMT and VIDIOC_REQBUFS would permit this to some degree, but for
simplicity drivers need not support switching the I/O method (after first switching
away from read/write) other than by closing and reopening the device.

The following sections describe the various I/O methods in more detail.

3.1. Read/Write

Input and output devices support the read () and write () function, respectively,
when the v41.2_caP_READWRITE flag in the capabilities field of
struct v412_capability returned by the VIDIOC_ QUERYCAP ioctl is set.

Drivers may need the CPU to copy the data, but they may also support DMA to or
from user memory, so this I/O method is not necessarily less efficient than other
methods merely exchanging buffer pointers. It is considered inferior though because
no meta-information like frame counters or timestamps are passed. This information
is necessary to recognize frame dropping and to synchronize with other data
streams. However this is also the simplest I/O method, requiring little or no setup to
exchange data. It permits command line stunts like this (the vidctrl tool is fictitious):
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> vidctrl /dev/video —--input=0 —--format=YUYV —--size=352x288
> dd if=/dev/video of=myimage.422 bs=202752 count=1

To read from the device applications use the read () function, to write the

write () function. Drivers must implement one I/O method if they exchange data
with applications, but it need not be this." When reading or writing is supported, the
driver must also support the select () and poll () function.?

3.2. Streaming I/0 (Memory Mapping)
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Input and output devices support this /O method when the Vv41.2_CAP_STREAMING
flag in the capabilities field of struct v412_capability returned by the
VIDIOC_QUERYCAP ioctl is set. There are two streaming methods, to determine if
the memory mapping flavor is supported applications must call the
VIDIOC_REQBUFS ioctl.

Streaming is an I/O method where only pointers to buffers are exchanged between
application and driver, the data itself is not copied. Memory mapping is primarily
intended to map buffers in device memory into the application’s address space.
Device memory can be for example the video memory on a graphics card with a
video capture add-on. However, being the most efficient I/O method available for a
long time, many other drivers support streaming as well, allocating buffers in
DMA-able main memory.

A driver can support many sets of buffers. Each set is identified by a unique buffer
type value. The sets are independent and each set can hold a different type of data.
To access different sets at the same time different file descriptors must be used.’

To allocate device buffers applications call the vIDTI0OC_REQBUFS ioctl with the
desired number of buffers and buffer type, for example
V4L2_BUF_TYPE_VIDEO_CAPTURE. This ioctl can also be used to change the
number of buffers or to free the allocated memory, provided none of the buffers are
still mapped.

Before applications can access the buffers they must map them into their address
space with the mmap () function. The location of the buffers in device memory can
be determined with the vIDIOC_QUERYBUF ioctl. In the single-planar API case, the
m.offset and length returned in a struct v412_buffer are passed as sixth and
second parameter to the mmap () function. When using the multi-planar API, struct
struct v412_buffer contains an array of struct v412_plane structures, each containing
its own m. offset and length. When using the multi-planar API, every plane of
every buffer has to be mapped separately, so the number of calls to mmap () should
be equal to number of buffers times number of planes in each buffer. The offset and
length values must not be modified. Remember, the buffers are allocated in physical
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memory, as opposed to virtual memory, which can be swapped out to disk.
Applications should free the buffers as soon as possible with the munmap ()
function.

Example 3-1. Mapping buffers in the single-planar API

struct v41l2_requestbuffers regbuf;
struct {

void =xstart;

size_t length;

} xbuffers;
unsigned int i;

memset (&regbuf, 0, sizeof (regbuf));
regbuf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
regbuf.memory = V4L2_MEMORY_MMAP;
regbuf.count = 20;

if (-1 == ioctl (fd, VIDIOC_REQBUFS, é&regbuf)) {

if (errno == EINVAL)

printf ("Video capturing or mmap-streaming is not supported\n");
else

perror ("VIDIOC_REQBUFS") ;

exit (EXIT_FAILURE) ;
}

/* We want at least five buffers. =*/

if (regbuf.count < 5) {

/* You may need to free the buffers here. */
printf ("Not enough buffer memory\n");

exit (EXIT_FAILURE) ;

}

buffers = calloc(regbuf.count, sizeof (xbuffers));
assert (buffers != NULL);
for (i = 0; i < regbuf.count; i++) {

struct v412_buffer buffer;

memset (&buffer, 0, sizeof (buffer));
buffer.type = regbuf.type;
buffer.memory = V4L2_MEMORY_MMAP;

buffer.index = 1i;

if (-1 == ioctl (£fd, VIDIOC_QUERYBUF, &buffer)) {
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perror ("VIDIOC_QUERYBUF") ;
exit (EXIT_FAILURE) ;
}

buffers[i].length = buffer.length; /* remember for munmap () =/

buffers[i].start = mmap (NULL, buffer.length,
PROT_READ | PROT_WRITE, /% recommended =*/
MAP_SHARED, /+ recommended */
fd, buffer.m.offset);

if (MAP_FAILED == buffers[i].start) {
/+x If you do not exit here you should unmap () and free ()
the buffers mapped so far. =/
perror ("mmap") ;
exit (EXIT_FAILURE) ;
}
}

/* Cleanup. =/

for (i = 0; i < regbuf.count; i++)
munmap (buffers[i].start, buffers[i].length);

Example 3-2. Mapping buffers in the multi-planar API

struct v41l2_requestbuffers regbuf;
/+ Our current format uses 3 planes per buffer x/
#define FMT_NUM_PLANES = 3;

struct {

void xstart [FMT_NUM_PLANES];
size_t length[FMT_NUM_PLANES];
} «buffers;
unsigned int i, 3J;

memset (&regbuf, 0, sizeof (regbuf));

regbuf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE_MPLANE;
regbuf.memory = V4L2_MEMORY_MMAP;

regbuf.count = 20;

if (ioctl(fd, VIDIOC_REQBUFS, &regbuf) < 0) {

if (errno == EINVAL)

printf ("Video capturing or mmap-streaming is not supported\n");
else

perror ("VIDIOC_REQBUFS") ;
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exit (EXIT_FAILURE) ;
}

/* We want at least five buffers. =*/

if (regbuf.count < 5) {

/* You may need to free the buffers here. */
printf ("Not enough buffer memory\n");

exit (EXIT_FAILURE) ;

}

buffers = calloc(regbuf.count, sizeof (xbuffers));
assert (buffers != NULL);
for (i = 0; 1 < regbuf.count; i++) {

struct v412_buffer buffer;
struct v41l2_plane planes[FMT_NUM_PLANES];

memset (&buffer, 0, sizeof (buffer));

buffer.type = regbuf.type;

buffer.memory = V4L2_MEMORY_MMAP;

buffer.index = 1i;

/+ length in struct v412_buffer in multi-planar API stores the size
x» of planes array. =/

buffer.length = FMT_NUM_PLANES;

buffer.m.planes = planes;

if (dioctl (fd, VIDIOC_QUERYBUF, &buffer) < 0) {
perror ("VIDIOC_QUERYBUF") ;

exit (EXIT_FAILURE) ;

}

/+ Every plane has to be mapped separately */
for (j = 0; j < FMT_NUM_PLANES; Jj++) {

buffers([i].length[j] = buffer.m.planes[]].length; /* remember for munmaj
buffers[i].start[j] = mmap (NULL, buffer.m.planes[]j].length,

PROT_READ | PROT_WRITE, /% recommended =*/

MAP_SHARED, /* recommended =*/

fd, buffer.m.planes[]j].m.offset);

if (MAP_FAILED == buffers[i].start[j]) {
/* If you do not exit here you should unmap () and free()
the buffers and planes mapped so far. =/
perror ("mmap") ;
exit (EXIT_FAILURE) ;
}
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}
}

/* Cleanup. =/

for (i = 0; i < regbuf.count; i++)
for (j = 0; j < FMI_NUM_PLANES; j++)
munmap (buffers[i] .start[j], buffers[i].lengthl[j]);

Conceptually streaming drivers maintain two buffer queues, an incoming and an
outgoing queue. They separate the synchronous capture or output operation locked
to a video clock from the application which is subject to random disk or network
delays and preemption by other processes, thereby reducing the probability of data
loss. The queues are organized as FIFOs, buffers will be output in the order
enqueued in the incoming FIFO, and were captured in the order dequeued from the
outgoing FIFO.

The driver may require a minimum number of buffers enqueued at all times to
function, apart of this no limit exists on the number of buffers applications can
enqueue in advance, or dequeue and process. They can also enqueue in a different
order than buffers have been dequeued, and the driver can fill enqueued empty
buffers in any order. * The index number of a buffer (struct v412_buffer i ndex)
plays no role here, it only identifies the buffer.

Initially all mapped buffers are in dequeued state, inaccessible by the driver. For
capturing applications it is customary to first enqueue all mapped buffers, then to
start capturing and enter the read loop. Here the application waits until a filled
buffer can be dequeued, and re-enqueues the buffer when the data is no longer
needed. Output applications fill and enqueue buffers, when enough buffers are
stacked up the output is started with VIDIOC_STREAMON. In the write loop, when
the application runs out of free buffers, it must wait until an empty buffer can be
dequeued and reused.

To enqueue and dequeue a buffer applications use the VIDIOC_QBUF and
VvIDIOC_DQBUF ioctl. The status of a buffer being mapped, enqueued, full or empty
can be determined at any time using the VIDIOC_QUERYBUF ioctl. Two methods
exist to suspend execution of the application until one or more buffers can be
dequeued. By default vIDIOC_DOBUF blocks when no buffer is in the outgoing
queue. When the 0_ NONBLOCK flag was given to the open () function,
VIDIOC_DOQBUF returns immediately with an EAGAIN error code when no buffer is
available. The select () orpoll () function are always available.

To start and stop capturing or output applications call the VIDIOC_STREAMON and
VIDIOC_STREAMOFF ioctl. Note VIDIOC_STREAMOFF removes all buffers from
both queues as a side effect. Since there is no notion of doing anything "now" on a
multitasking system, if an application needs to synchronize with another event it
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should examine the struct v412_buffer t imestamp of captured buffers, or set the
field before enqueuing buffers for output.

Drivers implementing memory mapping I/O must support the VIDIOC_REQBUFS,
VIDIOC_QUERYBUF, VIDIOC_QBUF, VIDIOC_DQBUF, VIDIOC_STREAMON and
VIDIOC_STREAMOFF ioctl, the mmap (), munmap (), select () and poll ()
function.’

[capture example]

3.3. Streaming I/0 (User Pointers)

Input and output devices support this I/O method when the V41L2_CAP_STREAMING
flag in the capabilities field of struct v4l2_capability returned by the
VIDIOC_QUERYCAP ioctl is set. If the particular user pointer method (not only
memory mapping) is supported must be determined by calling the
VIDIOC_REQBUFS ioctl.

This I/O method combines advantages of the read/write and memory mapping
methods. Buffers (planes) are allocated by the application itself, and can reside for
example in virtual or shared memory. Only pointers to data are exchanged, these
pointers and meta-information are passed in struct v412_buffer (or in

struct v412_plane in the multi-planar API case). The driver must be switched into
user pointer I/0 mode by calling the vID10C_REQBUFS with the desired buffer type.
No buffers (planes) are allocated beforehand, consequently they are not indexed and
cannot be queried like mapped buffers with the VIDIOC_QUERYBUF ioctl.

Example 3-3. Initiating streaming 1/O with user pointers

struct v41l2_requestbuffers regbuf;

memset (&regbuf, 0, sizeof (regbuf));
regbuf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
regbuf.memory = V4L2_MEMORY_USERPTR;

if (ioctl (fd, VIDIOC_REQBUFS, é&regbuf) == -1) {

if (errno == EINVAL)

printf ("Video capturing or user pointer streaming is not supported\n"),
else

perror ("VIDIOC_REQBUFS");

exit (EXIT_FAILURE);
}
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Buffer (plane) addresses and sizes are passed on the fly with the vIDTIOC_QBUF
ioctl. Although buffers are commonly cycled, applications can pass different
addresses and sizes at each vIDI0OC_QBUF call. If required by the hardware the
driver swaps memory pages within physical memory to create a continuous area of
memory. This happens transparently to the application in the virtual memory
subsystem of the kernel. When buffer pages have been swapped out to disk they are
brought back and finally locked in physical memory for DMA..°

Filled or displayed buffers are dequeued with the vIDI0C_DQBUF ioctl. The driver
can unlock the memory pages at any time between the completion of the DMA and
this ioctl. The memory is also unlocked when VIDIOC_STREAMOFF is called,
VIDIOC_REQBUFS, or when the device is closed. Applications must take care not to
free buffers without dequeuing. For once, the buffers remain locked until further,
wasting physical memory. Second the driver will not be notified when the memory
is returned to the application’s free list and subsequently reused for other purposes,
possibly completing the requested DMA and overwriting valuable data.

For capturing applications it is customary to enqueue a number of empty buffers, to
start capturing and enter the read loop. Here the application waits until a filled
buffer can be dequeued, and re-enqueues the buffer when the data is no longer
needed. Output applications fill and enqueue buffers, when enough buffers are
stacked up output is started. In the write loop, when the application runs out of free
buffers it must wait until an empty buffer can be dequeued and reused. Two
methods exist to suspend execution of the application until one or more buffers can
be dequeued. By default vib10oC_DQOBUF blocks when no buffer is in the outgoing
queue. When the 0_ NONBLOCK flag was given to the open () function,
VIDIOC_DQBUF returns immediately with an EAGAIN error code when no buffer is
available. The select () orpoll () function are always available.

To start and stop capturing or output applications call the VIDIOC_STREAMON and
VIDIOC_STREAMOFF ioctl. Note VIDIOC_STREAMOFF removes all buffers from
both queues and unlocks all buffers as a side effect. Since there is no notion of
doing anything "now" on a multitasking system, if an application needs to
synchronize with another event it should examine the struct v412_buffer
timestamp of captured buffers, or set the field before enqueuing buffers for output.

Drivers implementing user pointer I[/O must support the VIDIOC_REQBUF'S,
VIDIOC_QBUF, VIDIOC_DQBUF, VIDIOC_STREAMON and VIDIOC_STREAMOFF
ioctl, the select () and poll () function.’

3.4. Asynchronous I/O
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3.5. Buffers

A buffer contains data exchanged by application and driver using one of the
Streaming I/O methods. In the multi-planar API, the data is held in planes, while the
buffer structure acts as a container for the planes. Only pointers to buffers (planes)
are exchanged, the data itself is not copied. These pointers, together with
meta-information like timestamps or field parity, are stored in a struct v412_buffer,
argument to the VIDIOC_QUERYBUF, VIDIOC_QBUF and VIDIOC_DQBUF ioctl. In
the multi-planar API, some plane-specific members of struct v412_buffer, such as
pointers and sizes for each plane, are stored in struct v412_plane instead. In that
case, struct v412_buffer contains an array of plane structures.

Nominally timestamps refer to the first data byte transmitted. In practice however
the wide range of hardware covered by the V4L2 API limits timestamp accuracy.
Often an interrupt routine will sample the system clock shortly after the field or
frame was stored completely in memory. So applications must expect a constant
difference up to one field or frame period plus a small (few scan lines) random
error. The delay and error can be much larger due to compression or transmission
over an external bus when the frames are not properly stamped by the sender. This
is frequently the case with USB cameras. Here timestamps refer to the instant the
field or frame was received by the driver, not the capture time. These devices
identify by not enumerating any video standards, see Section 1.7.

Similar limitations apply to output timestamps. Typically the video hardware locks
to a clock controlling the video timing, the horizontal and vertical synchronization
pulses. At some point in the line sequence, possibly the vertical blanking, an
interrupt routine samples the system clock, compares against the timestamp and
programs the hardware to repeat the previous field or frame, or to display the buffer
contents.

Apart of limitations of the video device and natural inaccuracies of all clocks, it
should be noted system time itself is not perfectly stable. It can be affected by
power saving cycles, warped to insert leap seconds, or even turned back or forth by
the system administrator affecting long term measurements. ®

Table 3-1. struct v412_buffer

_u32 index Number of the buffer, set by the
application. This field is only
used for memory mapping /O
and can range from zero to the
number of buffers allocated
with the VIDIOC_REQBUFS
ioctl (struct v412_requestbuffers
count) minus one.
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enum v412_buf_typee

_u32 bytesused

_u32 flags

enum v412_field field

100

Type of the buffer, same as
struct v412_format t ype or
struct v412_requestbuffers
type, set by the application.
The number of bytes occupied
by the data in the buffer. It
depends on the negotiated data
format and may change with
each buffer for compressed
variable size data like JPEG
images. Drivers must set this
field when t ype refers to an
input stream, applications when
an output stream.

Flags set by the application or
driver, see Table 3-4.

Indicates the field order of the
image in the buffer, see Table
3-9. This field is not used when
the buffer contains VBI data.
Drivers must set it when ¢ ype
refers to an input stream,
applications when an output
stream.
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struct timeval  timestamp For input streams this is the
system time (as returned by the
gettimeofday () function)
when the first data byte was
captured. For output streams the
data will not be displayed
before this time, secondary to
the nominal frame rate
determined by the current video
standard in enqueued order.
Applications can for example
zero this field to display frames
as soon as possible. The driver
stores the time at which the first
data byte was actually sent out
in the t imestamp field. This
permits applications to monitor
the drift between the video and
system clock.

struct v412_timecodeecode When type is
V4L2_BUF_TYPE_VIDEO_CAPTURE
and the
V4L2_BUF_FLAG_TIMECODE
flag is set in flags, this
structure contains a frame
timecode. In
V4L2_FIELD_ALTERNATE
mode the top and bottom field
contain the same timecode.
Timecodes are intended to help
video editing and are typically
recorded on video tapes, but
also embedded in compressed
formats like MPEG. This field is
independent of the timestamp
and sequence fields.

_u32 sequence Set by the driver, counting the
frames in the sequence.
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In V4L2_FIELD_ALTERNATE mode the top and bottom field have the same
sequence number. The count starts at zero and includes dropped or repeated
frames. A dropped frame was received by an input device but could not be stored
due to lack of free buffer space. A repeated frame was displayed again by an
output device because the application did not pass new data in time.

Note this may count the frames received e.g. over USB, without taking into
account the frames dropped by the remote hardware due to limited compression
throughput or bus bandwidth. These devices identify by not enumerating any

video standards, see Section 1.7.

enum v412_memorynory

union m
_u32 offset

unsigned long  userptr

struct *planes
v412_plane

This field must be set by
applications and/or drivers in

accordance with the selected
1/0 method.

For the single-planar API and
when memory is
V4L2_MEMORY_MMAP this is the
offset of the buffer from the
start of the device memory. The
value is returned by the driver
and apart of serving as
parameter to the mmap ()
function not useful for
applications. See Section 3.2 for
details

For the single-planar API and
when memory is
V4L2_MEMORY_ USERPTR this is
a pointer to the buffer (casted to
unsigned long type) in virtual
memory, set by the application.
See Section 3.3 for details.
When using the multi-planar
API, contains a userspace
pointer to an array of

struct v412_plane. The size of
the array should be put in the
length field of this v412_buffer
structure.



_u32 length
_u32 input
_u32 reserved

Table 3-2. struct v412_plane

_u32 bytesused
_u32 length
union m
_u32 mem_offset
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Size of the buffer (not the
payload) in bytes for the
single-planar API. For the
multi-planar API should contain
the number of elements in the
planes array.

Some video capture drivers
support rapid and synchronous
video input changes, a function
useful for example in video
surveillance applications. For
this purpose applications set the
V4L2_BUF_FLAG_INPUT flag,
and this field to the number of a
video input as in

struct v412_input field index.
A place holder for future
extensions and custom (driver
defined) buffer types
V4L2_BUF_TYPE_PRIVATE
and higher. Applications should
set this to 0.

The number of bytes occupied
by data in the plane (its
payload).

Size in bytes of the plane (not
its payload).

When the memory type in the
containing struct v412_buffer is
V4L2_MEMORY_MMAP, this is the
value that should be passed to
mmap (), similar to the offset
field in struct v412_buffer.
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__unsigned userptr When the memory type in the
long containing struct v412_buffer is
V41L2_MEMORY_USERPTR, this
is a userspace pointer to the
memory allocated for this plane
by an application.
_u32 data_offset Offset in bytes to video data in
the plane, if applicable.
_u32 reserved([11] Reserved for future use. Should
be zeroed by an application.

Table 3-3. enum v412_buf_type

V4L2_BUF_TYPE_VIDEO_CAPTURE Buffer of a single-planar video capture
stream, see Section 4.1.

V4L2_BUF_TYPE_VIDEO_CAPBURE_MPLBuifer of a multi-planar video capture
stream, see Section 4.1.

V4L2_BUF_TYPE_VIDEO_OUTRUT Buffer of a single-planar video output
stream, see Section 4.3.

V4L2_BUF_TYPE_VIDEO_OUTHOT_MPLABmffer of a multi-planar video output
stream, see Section 4.3.

V4L2_BUF_TYPE VIDEO_OVEBLAY Buffer for video overlay, see Section
4.2.

V4L2_BUF_TYPE_VBI_CAPTUHE Buffer of a raw VBI capture stream, see
Section 4.7.

V4L2_BUF_TYPE_VBI_OUTPUD Buffer of a raw VBI output stream, see
Section 4.7.

V4L2_BUF_TYPE_SLICED_VB®H CAPTURBuUffer of a sliced VBI capture stream,
see Section 4.8.
V4L2_BUF_TYPE_SLICED_VBT ouTpUTBuffer of a sliced VBI output stream,
see Section 4.8.
V4L2_BUF_TYPE_VIDEO_OUTHUT_oVERBarffer for video output overlay (OSD),
see Section 4.4. Status: Experimental.
V4L2_BUF_TYPE_PRIVATE 0x80 This and higher values are reserved for
custom (driver defined) buffer types.

Table 3-4. Buffer Flags
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V4L2_BUF_FLAG_MAPPED

V4L2_BUF_FLAG_QUEUED

V4L2_BUF_FLAG_DONE

V4L2_BUF_FLAG_ERROR

0x0001

0x0002

0x0004

0x0040
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The buffer resides in device memory
and has been mapped into the
application’s address space, see Section
3.2 for details. Drivers set or clear this
flag when the VIDIOC_QUERYBUF,
VIDIOC_QBUF or VIDIOC_DQBUF
ioctl is called. Set by the driver.
Internally drivers maintain two buffer
queues, an incoming and outgoing
queue. When this flag is set, the buffer is
currently on the incoming queue. It
automatically moves to the outgoing
queue after the buffer has been filled
(capture devices) or displayed (output
devices). Drivers set or clear this flag
when the VIDIOC_QUERYBUF ioctl is
called. After (successful) calling the
VIDIOC_QBUF ioctl it is always set and
after vIDIOC_DQBUF always cleared.
When this flag is set, the buffer is
currently on the outgoing queue, ready
to be dequeued from the driver. Drivers
set or clear this flag when the
VIDIOC_QUERYBUF ioctl is called. After
calling the VIDIOC_QBUF or
VIDIOC_DOQBUF it is always cleared. Of
course a buffer cannot be on both queues
at the same time, the
V4L2_BUF_FLAG_QUEUED and
V4L2_BUF_FLAG_DONE flag are
mutually exclusive. They can be both
cleared however, then the buffer is in
"dequeued" state, in the application
domain to say so.

When this flag is set, the buffer has been
dequeued successfully, although the data
might have been corrupted. This is
recoverable, streaming may continue as
normal and the buffer may be reused
normally. Drivers set this flag when the
VIDIOC_DOQBUF ioctl is called.
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V4L2_BUF_FLAG_KEYFRAME 0x0008 Drivers set or clear this flag when
calling the vIDIOC_DQBUF ioctl. It may
be set by video capture devices when the
buffer contains a compressed image
which is a key frame (or field), i. e. can
be decompressed on its own.

V4L2_BUF_FLAG_PFRAME 0x0010  Similar to V4L2_BUF_FLAG_KEYFRAME
this flags predicted frames or fields
which contain only differences to a
previous key frame.

V4L2_BUF_FLAG_BFRAME 0x0020 Similar to V41L2_BUF_FLAG_PFRAME
this is a bidirectional predicted frame or
field. [ooc tbd]

V4L2_BUF_FLAG_TIMECODE 0x0100 The timecode field is valid. Drivers set
or clear this flag when the
VIDIOC_DOQBUF ioctl is called.

V4L2_BUF_FLAG_INPUT 0x0200 The input field is valid. Applications
set or clear this flag before calling the
VIDIOC_QBUF ioctl.

Table 3-5. enum v412_memory

V4L2_MEMORY_MMAP 1 The buffer is used for memory mapping
/0.

V4L2_MEMORY_USERPTR 2 The buffer is used for user pointer I/O.

V4L2_MEMORY_OVERLAY 3 [to do]

3.5.1. Timecodes

The v412_timecode structure is designed to hold a SMPTE 12M or similar timecode.
(struct timeval timestamps are stored in struct v412_buffer field t imestamp.)

Table 3-6. struct v412_timecode

_u32 type Frame rate the timecodes are based on,
see Table 3-7.

_u32 flags Timecode flags, see Table 3-8.

_u8 frames Frame count, O ... 23/24/29/49/59,

depending on the type of timecode.



_ul seconds
_u8 minutes
_u8 hours

__u8 userbits[4]

Table 3-7. Timecode Types

V4L2_TC_TYPE 24FPS 1
V4L2_ TC_TYPE_ 25FPS 2
VAL2_TC_TYPE_ 30FPS 3
V4L2_TC_TYPE 50FPS

V4L2_ TC_TYPE 60FPS 5

Table 3-8. Timecode Flags

V4L2_TC_FLAG DROPFRAME 0x0001

V412 TC_FLAG_COLORFRAME 0x0002
VA4L2_TC_USERBITS field 0x000C

V4L2_ TC_USERBITS USERDEHXOHO0

VAL2_TC_USERBITS_ 8BITCHAXO00K
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Seconds count, O ... 59. This is a binary,
not BCD number.

Minutes count, O ... 59. This is a binary,
not BCD number.

Hours count, O ... 29. This is a binary,
not BCD number.

The "user group" bits from the
timecode.

24 frames per second, i. e. film.

25 frames per second, i. e. PAL or
SECAM video.

30 frames per second, i. e. NTSC video.

Indicates "drop frame" semantics for
counting frames in 29.97 fps material.
When set, frame numbers O and 1 at the
start of each minute, except minutes 0,
10, 20, 30, 40, 50 are omitted from the
count.

The "color frame" flag.
Field mask for the "binary group flags".

Unspecified format.

8-bit ISO characters.
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3.6. Field Order
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We have to distinguish between progressive and interlaced video. Progressive video
transmits all lines of a video image sequentially. Interlaced video divides an image
into two fields, containing only the odd and even lines of the image, respectively.
Alternating the so called odd and even field are transmitted, and due to a small
delay between fields a cathode ray TV displays the lines interleaved, yielding the
original frame. This curious technique was invented because at refresh rates similar
to film the image would fade out too quickly. Transmitting fields reduces the flicker
without the necessity of doubling the frame rate and with it the bandwidth required
for each channel.

It is important to understand a video camera does not expose one frame at a time,
merely transmitting the frames separated into fields. The fields are in fact captured
at two different instances in time. An object on screen may well move between one
field and the next. For applications analysing motion it is of paramount importance
to recognize which field of a frame is older, the temporal order.

When the driver provides or accepts images field by field rather than interleaved, it
is also important applications understand how the fields combine to frames. We
distinguish between top (aka odd) and bottom (aka even) fields, the spatial order:
The first line of the top field is the first line of an interlaced frame, the first line of
the bottom field is the second line of that frame.

However because fields were captured one after the other, arguing whether a frame
commences with the top or bottom field is pointless. Any two successive top and
bottom, or bottom and top fields yield a valid frame. Only when the source was
progressive to begin with, e. g. when transferring film to video, two fields may
come from the same frame, creating a natural order.

Counter to intuition the top field is not necessarily the older field. Whether the older
field contains the top or bottom lines is a convention determined by the video
standard. Hence the distinction between temporal and spatial order of fields. The
diagrams below should make this clearer.

All video capture and output devices must report the current field order. Some
drivers may permit the selection of a different order, to this end applications
initialize the rield field of struct v412_pix_format before calling the
VIDIOC_S_FMT ioctl. If this is not desired it should have the value
VA4L2_FIELD_ANY (0).

Table 3-9. enum v412_field



V4L2_FIELD_ANY

V4L2_FIELD_NONE

V4L2_FIELD_TOP

V4L2_FIELD_BOTTOM

V4L2_FIELD_INTERLACED

V4L2_FIELD_SEQ_TB
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Applications request this field order
when any one of the
V4L2_FIELD_NONE,
V4L2_FIELD_TOP,
V4L2_FIELD_BOTTOM, Or
V4L2_FIELD_INTERLACED formats is
acceptable. Drivers choose depending
on hardware capabilities or e. g. the
requested image size, and return the
actual field order. struct v412_buffer
field can never be V4L2_FIELD_ANY.
Images are in progressive format, not
interlaced. The driver may also indicate
this order when it cannot distinguish
between V4L2_FIELD_TOP and
V4L2_FIELD_BOTTOM.

Images consist of the top (aka odd) field
only.

Images consist of the bottom (aka even)
field only. Applications may wish to
prevent a device from capturing
interlaced images because they will have
"comb" or "feathering" artefacts around
moving objects.

Images contain both fields, interleaved
line by line. The temporal order of the
fields (whether the top or bottom field is
first transmitted) depends on the current
video standard. M/NTSC transmits the
bottom field first, all other standards the
top field first.

Images contain both fields, the top field
lines are stored first in memory,
immediately followed by the bottom
field lines. Fields are always stored in
temporal order, the older one first in
memory. Image sizes refer to the frame,
not fields.
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VAL2_ FIELD SEQ BT 6

V4L2_FIELD ALTERNATE 7

V4L2_FIELD_ INTERLACED TH

V4L2_FIELD_INTERLACED_B®

Images contain both fields, the bottom
field lines are stored first in memory,
immediately followed by the top field
lines. Fields are always stored in
temporal order, the older one first in
memory. Image sizes refer to the frame,
not fields.

The two fields of a frame are passed in
separate buffers, in temporal order, i. e.
the older one first. To indicate the field
parity (whether the current field is a top
or bottom field) the driver or
application, depending on data direction,
must set struct v412_buffer field to
V4L2_FIELD_TOP Or
VAL2_FIELD_BOTTOM. Any two
successive fields pair to build a frame. If
fields are successive, without any
dropped fields between them (fields can
drop individually), can be determined
from the struct v412_buffer sequence
field. Image sizes refer to the frame, not
fields. This format cannot be selected
when using the read/write 1/0O method.
Images contain both fields, interleaved
line by line, top field first. The top field
is transmitted first.

Images contain both fields, interleaved
line by line, top field first. The bottom
field is transmitted first.

Figure 3-1. Field Order, Top Field First Transmitted

fieldseq_tb| pdf
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Figure 3-2. Field Order, Bottom Field First Transmitted

fieldseq_bt| pdf

Notes

1. It would be desirable if applications could depend on drivers supporting all /O
interfaces, but as much as the complex memory mapping I/O can be inadequate
for some devices we have no reason to require this interface, which is most
useful for simple applications capturing still images.

2. At the driver level select () and poll () are the same, and select () iS too
important to be optional.

3. One could use one file descriptor and set the buffer type field accordingly when
calling VIDIOC_QBUF etc., but it makes the select () function ambiguous. We
also like the clean approach of one file descriptor per logical stream. Video
overlay for example is also a logical stream, although the CPU is not needed for
continuous operation.

4. Random enqueue order permits applications processing images out of order
(such as video codecs) to return buffers earlier, reducing the probability of data
loss. Random fill order allows drivers to reuse buffers on a LIFO-basis, taking
advantage of caches holding scatter-gather lists and the like.

5. At the driver level select () and poll () are the same, and select () iS too
important to be optional. The rest should be evident.

6. We expect that frequently used buffers are typically not swapped out. Anyway,
the process of swapping, locking or generating scatter-gather lists may be time
consuming. The delay can be masked by the depth of the incoming buffer
queue, and perhaps by maintaining caches assuming a buffer will be soon
enqueued again. On the other hand, to optimize memory usage drivers can limit
the number of buffers locked in advance and recycle the most recently used
buffers first. Of course, the pages of empty buffers in the incoming queue need
not be saved to disk. Output buffers must be saved on the incoming and
outgoing queue because an application may share them with other processes.

7. At the driver level select () and poll () are the same, and select () iS too
important to be optional. The rest should be evident.
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8. Since no other Linux multimedia API supports unadjusted time it would be
foolish to introduce here. We must use a universally supported clock to
synchronize different media, hence time of day.
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4.1. Video Capture Interface

Video capture devices sample an analog video signal and store the digitized images
in memory. Today nearly all devices can capture at full 25 or 30 frames/second.
With this interface applications can control the capture process and move images
from the driver into user space.

Conventionally V412 video capture devices are accessed through character device
special files named /dev/video and /dev/videoO0 to /dev/video63 with major
number 81 and minor numbers 0 to 63. /dev/video is typically a symbolic link to
the preferred video device. Note the same device files are used for video output
devices.

4.1.1. Querying Capabilities

Devices supporting the video capture interface set the V4L2_CAP_VIDEO_CAPTURE
or V41L2_CAP_VIDEO_CAPTURE_MPLANE flag in the capabilities field of

struct v412_capability returned by the VIDIOC_QUERYCAP ioctl. As secondary
device functions they may also support the video overlay
(v4arL2_cap_VIDEO_OVERLAY) and the raw VBI capture
(v4L2_CcAP_VBI_CAPTURE) interface. At least one of the read/write or streaming
I/0 methods must be supported. Tuners and audio inputs are optional.

4.1.2. Supplemental Functions

Video capture devices shall support audio input, tuner, controls, cropping and
scaling and streaming parameter ioctls as needed. The video input and video
standard ioctls must be supported by all video capture devices.

4.1.3. Image Format Negotiation

The result of a capture operation is determined by cropping and image format
parameters. The former select an area of the video picture to capture, the latter how
images are stored in memory, i. €. in RGB or YUV format, the number of bits per
pixel or width and height. Together they also define how images are scaled in the
process.
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As usual these parameters are not reset at open () time to permit Unix tool chains,
programming a device and then reading from it as if it was a plain file. Well written
V4L2 applications ensure they really get what they want, including cropping and
scaling.

Cropping initialization at minimum requires to reset the parameters to defaults. An
example is given in Section 1.12.

To query the current image format applications set the t ype field of a

struct v412_format to v41.2_BUF_TYPE_VIDEO_CAPTURE Or

V4L2_BUF_TYPE_ VIDEO_CAPTURE_MPLANE and call the vIDIOC_G_FMT ioctl
with a pointer to this structure. Drivers fill the struct v412_pix_format pix or the
struct v412_pix_format_mplane pix mp member of the £fmt union.

To request different parameters applications set the t ype field of a

struct v412_format as above and initialize all fields of the struct v412_pix_format
vbi member of the fmt union, or better just modify the results of vIDI0OC_G_FMT,
and call the vipIoc_s_FMT ioctl with a pointer to this structure. Drivers may adjust
the parameters and finally return the actual parameters as VIDIOC_G_FMT does.

Like vipIOC_S_FMT the VIDIOC_TRY_FMT ioctl can be used to learn about
hardware limitations without disabling I/O or possibly time consuming hardware
preparations.

The contents of struct v412_pix_format and struct v412_pix_format_mplane are
discussed in Chapter 2. See also the specification of the vIDIOC_G_FMT,
VIDIOC_S_FMT and VIDIOC_TRY_FMT ioctls for details. Video capture devices
must implement both the vIDIoCc_G_FMT and VIDIOC_S_FMT ioctl, even if
VIDIOC_S_FMT ignores all requests and always returns default parameters as
VIDIOC_G_FMT does. VIDIOC_TRY_FMT is optional.

4.1.4. Reading Images

A video capture device may support the read() function and/or streaming (memory
mapping or user pointer) I/O. See Chapter 3 for details.

4.2. Video Overlay Interface
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Video overlay devices have the ability to genlock (TV-)video into the (VGA-)video
signal of a graphics card, or to store captured images directly in video memory of a
graphics card, typically with clipping. This can be considerable more efficient than
capturing images and displaying them by other means. In the old days when only
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nuclear power plants needed cooling towers this used to be the only way to put live
video into a window.

Video overlay devices are accessed through the same character special files as video
capture devices. Note the default function of a /dev/video device is video
capturing. The overlay function is only available after calling the VIDIOC_S_FMT
ioctl.

The driver may support simultaneous overlay and capturing using the read/write
and streaming I/O methods. If so, operation at the nominal frame rate of the video
standard is not guaranteed. Frames may be directed away from overlay to capture,
or one field may be used for overlay and the other for capture if the capture
parameters permit this.

Applications should use different file descriptors for capturing and overlay. This
must be supported by all drivers capable of simultaneous capturing and overlay.
Optionally these drivers may also permit capturing and overlay with a single file
descriptor for compatibility with V4L and earlier versions of V4L2.'

4.2.1. Querying Capabilities

Devices supporting the video overlay interface set the v41.2_CAP_VIDEO_OVERLAY
flag in the capabilities field of struct v412_capability returned by the
VIDIOC_QUERYCAP ioctl. The overlay I/O method specified below must be
supported. Tuners and audio inputs are optional.

4.2.2. Supplemental Functions

Video overlay devices shall support audio input, tuner, controls, cropping and
scaling and streaming parameter ioctls as needed. The video input and video
standard ioctls must be supported by all video overlay devices.

4.2.3. Setup

Before overlay can commence applications must program the driver with frame
buffer parameters, namely the address and size of the frame buffer and the image
format, for example RGB 5:6:5. The vIiDI0C_G_FBUF and VIDIOC_S_FBUF ioctls
are available to get and set these parameters, respectively. The vIDIOC_S_FBUF
ioctl is privileged because it allows to set up DMA into physical memory, bypassing
the memory protection mechanisms of the kernel. Only the superuser can change
the frame buffer address and size. Users are not supposed to run TV applications as

115



Chapter 4. Interfaces

116

root or with SUID bit set. A small helper application with suitable privileges should
query the graphics system and program the V4L2 driver at the appropriate time.

Some devices add the video overlay to the output signal of the graphics card. In this
case the frame buffer is not modified by the video device, and the frame buffer
address and pixel format are not needed by the driver. The vIDIOC_S_FBUF ioctl is
not privileged. An application can check for this type of device by calling the
VIDIOC_G_FBUF ioctl.

A driver may support any (or none) of five clipping/blending methods:

1. Chroma-keying displays the overlaid image only where pixels in the primary
graphics surface assume a certain color.

2. A bitmap can be specified where each bit corresponds to a pixel in the overlaid
image. When the bit is set, the corresponding video pixel is displayed,
otherwise a pixel of the graphics surface.

3. A list of clipping rectangles can be specified. In these regions no video is
displayed, so the graphics surface can be seen here.

4. The framebuffer has an alpha channel that can be used to clip or blend the
framebuffer with the video.

5. A global alpha value can be specified to blend the framebuffer contents with
video images.

When simultaneous capturing and overlay is supported and the hardware prohibits
different image and frame buffer formats, the format requested first takes
precedence. The attempt to capture (VIDIOC_S_FMT) or overlay (VIDIOC_S_FBUF)
may fail with an EBUSY error code or return accordingly modified parameters..

4.2.4. Overlay Window

The overlaid image is determined by cropping and overlay window parameters. The
former select an area of the video picture to capture, the latter how images are
overlaid and clipped. Cropping initialization at minimum requires to reset the
parameters to defaults. An example is given in Section 1.12.

The overlay window is described by a struct v412_window. It defines the size of the
image, its position over the graphics surface and the clipping to be applied. To get
the current parameters applications set the type field of a struct v412_format to
V4L2_ BUF_TYPE VIDEO_OVERLAY and call the vipIoC_G_FMT ioctl. The driver
fills the v412_window substructure named win. It is not possible to retrieve a
previously programmed clipping list or bitmap.
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To program the overlay window applications set the t ype field of a

struct v412_format to v4L2_BUF_TYPE_VIDEO_OVERLAY, initialize the win
substructure and call the vipIoc_s_rFMT ioctl. The driver adjusts the parameters
against hardware limits and returns the actual parameters as VIDIOC_G_FMT does.
Like vIDIOC S FMT, the VIDIOC_ TRY_ FMT ioctl can be used to learn about driver
capabilities without actually changing driver state. Unlike vIDIOC_S_FMT this also
works after the overlay has been enabled.

The scaling factor of the overlaid image is implied by the width and height given in
struct v412_window and the size of the cropping rectangle. For more information
see Section 1.12.

When simultaneous capturing and overlay is supported and the hardware prohibits
different image and window sizes, the size requested first takes precedence. The
attempt to capture or overlay as well (VIDIOC_S_FMT) may fail with an EBUSY
error code or return accordingly modified parameters.

Table 4-1. struct v412_window

struct v412_rect % Size and position of the window relative
to the top, left corner of the frame buffer
defined with viproc_s_rBUF. The
window can extend the frame buffer
width and height, the x and y
coordinates can be negative, and it can
lie completely outside the frame buffer.
The driver clips the window
accordingly, or if that is not possible,
modifies its size and/or position.

enum v412_field field Applications set this field to determine
which video field shall be overlaid,
typically one of v4L2_FIELD_ANY (0),
V4L2_FIELD_TOP,
V4L2_FIELD_BOTTOM Or
V4L2_FIELD_INTERLACED. Drivers
may have to choose a different field
order and return the actual setting here.
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_u32

struct v412_clip *

_u32

chromakey

clips

clipcount

When chroma-keying has been
negotiated with VIDIOC_S_FBUF
applications set this field to the desired
pixel value for the chroma key. The
format is the same as the pixel format of
the framebuffer (struct v412_framebuffer
fmt .pixelformat field), with bytes in
host order. E. g. for
V4L2_PIX_FMT_BGR24 the value
should be 0xRRGGBB on a little endian,
0xBBGGRR on a big endian host.
When chroma-keying has not been
negotiated and VIDIOC_G_FBUF
indicated this capability, applications
can set this field to point to an array of
clipping rectangles.

Like the window coordinates w, clipping
rectangles are defined relative to the top,
left corner of the frame buffer. However
clipping rectangles must not extend the
frame buffer width and height, and they
must not overlap. If possible
applications should merge adjacent
rectangles. Whether this must create x-y
or y-x bands, or the order of rectangles,
is not defined. When clip lists are not
supported the driver ignores this field.
Its contents after calling
VIDIOC_S_FMT are undefined.

When the application set the c1ips
field, this field must contain the number
of clipping rectangles in the list. When
clip lists are not supported the driver
ignores this field, its contents after
calling vIDIOC_S_FMT are undefined.
When clip lists are supported but no
clipping is desired this field must be set
to zero.
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void * bitmap When chroma-keying has not been
negotiated and VIDIOC_G_FBUF
indicated this capability, applications
can set this field to point to a clipping bit
mask.

It must be of the same size as the window, w.width and w. height. Each bit

corresponds to a pixel in the overlaid image, which is displayed only when the bit

is set. Pixel coordinates translate to bits like:

((__u8 =) bitmap) [w.width » v + x / 8] & (1 << (x & 7))

where 0 < x<w.widthand 0 <y <w.height.a

When a clipping bit mask is not supported the driver ignores this field, its
contents after calling vibIoc_s_FMT are undefined. When a bit mask is
supported but no clipping is desired this field must be set to NULL.

Applications need not create a clip list or bit mask. When they pass both, or
despite negotiating chroma-keying, the results are undefined. Regardless of the
chosen method, the clipping abilities of the hardware may be limited in quantity
or quality. The results when these limits are exceeded are undefined.»

_ul global_alpha The global alpha value used to blend the
framebuffer with video images, if global
alpha blending has been negotiated
(V4L2_FBUF_FLAG_GLOBAL_ALPHA,
see VIDIOC_S_FBUF, Table A-3).

Note this field was added in Linux
2.6.23, extending the structure. However
the VIDIOC_G/S/TRY_FMT ioctls,
which take a pointer to a v412_format
parent structure with padding bytes at
the end, are not affected.

Notes:

a. Should we require w. width to be a multiple of eight?

b. When the image is written into frame buffer memory it will be undesirable if

the driver clips out less pixels than expected, because the application and graphics

system are not aware these regions need to be refreshed. The driver should clip out
more pixels or not write the image at all.

Table 4-2. struct v412_clip?
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struct v412_rect c

struct v412_clip *  next

Table 4-3. struct v412_rect

832 left
832 top

_ 832 width
_ 832 height

4.2.5. Enabling Overlay

Coordinates of the clipping rectangle,
relative to the top, left corner of the
frame buffer. Only window pixels
outside all clipping rectangles are
displayed.

Pointer to the next clipping rectangle,
NULL when this is the last rectangle.
Drivers ignore this field, it cannot be
used to pass a linked list of clipping
rectangles.

Horizontal offset of the top, left corner
of the rectangle, in pixels.

Vertical offset of the top, left corner of
the rectangle, in pixels. Offsets increase
to the right and down.

Width of the rectangle, in pixels.

Height of the rectangle, in pixels. Width
and height cannot be negative, the fields
are signed for hysterical reasons.

To start or stop the frame buffer overlay applications call the vVIDIOC_OVERLAY

ioctl.

4.3. Video Output Interface

Video output devices encode stills or image sequences as analog video signal. With
this interface applications can control the encoding process and move images from

user space to the driver.

Conventionally V4L2 video output devices are accessed through character device
special files named /dev/video and /dev/videoO0 to /dev/video63 with major
number 81 and minor numbers 0 to 63. /dev/video is typically a symbolic link to
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the preferred video device. Note the same device files are used for video capture
devices.

4.3.1. Querying Capabilities

Devices supporting the video output interface set the v4L2_CAP_VIDEO_OUTPUT
or V41L2_CAP_VIDEO_OUTPUT_MPLANE flag in the capabilities field of

struct v412_capability returned by the VIDIOC_QUERYCAP ioctl. As secondary
device functions they may also support the raw VBI output
(v4L2_cAP_VBI_OUTPUT) interface. At least one of the read/write or streaming 1/0O
methods must be supported. Modulators and audio outputs are optional.

4.3.2. Supplemental Functions

Video output devices shall support audio output, modulator, controls, cropping and
scaling and streaming parameter ioctls as needed. The video output and video
standard ioctls must be supported by all video output devices.

4.3.3. Image Format Negotiation

The output is determined by cropping and image format parameters. The former
select an area of the video picture where the image will appear, the latter how
images are stored in memory, i. €. in RGB or YUV format, the number of bits per
pixel or width and height. Together they also define how images are scaled in the
process.

As usual these parameters are not reset at open () time to permit Unix tool chains,
programming a device and then writing to it as if it was a plain file. Well written
V4L2 applications ensure they really get what they want, including cropping and
scaling.

Cropping initialization at minimum requires to reset the parameters to defaults. An
example is given in Section 1.12.

To query the current image format applications set the t ype field of a

struct v412_format to V41L.2_BUF_TYPE_VIDEO_OUTPUT Or

V4L2_ BUF_TYPE VIDEO_OUTPUT_MPLANE and call the vIDIOC_ G_FMT ioctl with
a pointer to this structure. Drivers fill the struct v412_pix_format pix or the

struct v412_pix_format_mplane pix_ mp member of the £mt union.

To request different parameters applications set the t ype field of a
struct v412_format as above and initialize all fields of the struct v412_pix_format
vbi member of the fmt union, or better just modify the results of vIDIOC_G_FMT,

121



Chapter 4. Interfaces

and call the vipToc_s_FMT ioctl with a pointer to this structure. Drivers may adjust
the parameters and finally return the actual parameters as VIDIOC_G_FMT does.

Like viIDIOC_S_FMT the VIDIOC_TRY_FMT ioctl can be used to learn about
hardware limitations without disabling I/O or possibly time consuming hardware
preparations.

The contents of struct v412_pix_format and struct v412_pix_format_mplane are
discussed in Chapter 2. See also the specification of the VIDIOC_G_FMT,
VIDIOC_S_FMT and VIDIOC_TRY_FMT ioctls for details. Video output devices
must implement both the viDIoC_G_FMT and VIDIOC_S_FMT ioctl, even if
VIDIOC_S_FMT ignores all requests and always returns default parameters as
VIDIOC_G_FMT does. VIDIOC_TRY_FMT is optional.

4.3.4. Writing Images

A video output device may support the write() function and/or streaming (memory
mapping or user pointer) I/O. See Chapter 3 for details.

4.4. Video Output Overlay Interface
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Experimental: This is an experimental interface and may change in the future.

Some video output devices can overlay a framebuffer image onto the outgoing
video signal. Applications can set up such an overlay using this interface, which
borrows structures and ioctls of the Video Overlay interface.

The OSD function is accessible through the same character special file as the Video
Output function. Note the default function of such a /dev/video device is video
capturing or output. The OSD function is only available after calling the
VIDIOC_S_FMT ioctl.

4.4.1. Querying Capabilities

Devices supporting the Video Output Overlay interface set the
V4L2_CAP_VIDEO_OUTPUT_OVERLAY flag in the capabilities field of
struct v412_capability returned by the VIDIOC_QUERYCAP ioctl.
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4.4.2. Framebuffer

Contrary to the Video Overlay interface the framebuffer is normally implemented
on the TV card and not the graphics card. On Linux it is accessible as a framebuffer
device (/dev/£bN). Given a V4L2 device, applications can find the corresponding
framebuffer device by calling the vIDI0C_G_FBUF ioctl. It returns, amongst other
information, the physical address of the framebuffer in the base field of

struct v412_framebuffer. The framebuffer device ioctl FRIOGET FSCREENINFO
returns the same address in the smem_start field of struct fb_fix_screeninfo. The
FBIOGET_FSCREENINFO ioctl and struct fb_fix_screeninfo are defined in the
linux/fb.h header file.

The width and height of the framebuffer depends on the current video standard. A
V4L.2 driver may reject attempts to change the video standard (or any other ioctl
which would imply a framebuffer size change) with an EBUSY error code until all
applications closed the framebuffer device.

Example 4-1. Finding a framebuffer device for OSD

#include <linux/fb.h>

struct v412_framebuffer fbuf;
unsigned int ij;
int fb_fd;

if (-1 == ioctl (fd, VIDIOC_G_FBUF, &fbuf)) {
perror ("VIDIOC_G_FBUF");

exit (EXIT_FAILURE);

}

for (i = 0; 1 > 30; ++1) {
char dev_name[16];
struct fb_fix_ screeninfo si;

snprintf (dev_name, sizeof (dev_name), "/dev/fb%u", 1i);

fb_fd = open (dev_name, O_RDWR) ;
if (-1 == fb_fd) {
switch (errno) {
case ENOENT: /* no such file «/
case ENXIO: /* no driver =x/
continue;

default:

perror ("open");
exit (EXIT_FAILURE);
}
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}

if (0 == ioctl (fb_fd, FBIOGET_FSCREENINFO, &si)) {
if (si.smem_start == (unsigned long) fbuf.base)
break;

} else {

/* Apparently not a framebuffer device. x/

}

close (fb_£fd);
fb_fd = -1;

/+ fb_fd is the file descriptor of the framebuffer device
for the video output overlay, or -1 if no device was found. x/

4.4.3. Overlay Window and Scaling

The overlay is controlled by source and target rectangles. The source rectangle
selects a subsection of the framebuffer image to be overlaid, the target rectangle an
area in the outgoing video signal where the image will appear. Drivers may or may
not support scaling, and arbitrary sizes and positions of these rectangles. Further
drivers may support any (or none) of the clipping/blending methods defined for the
Video Overlay interface.

A struct v412_window defines the size of the source rectangle, its position in the
framebuffer and the clipping/blending method to be used for the overlay. To get the
current parameters applications set the ¢t ype field of a struct v412_format to

V4L2_ BUF_TYPE_ VIDEO_OUTPUT_OVERLAY and call the vIDIOC_G_FMT ioctl.
The driver fills the v412_window substructure named win. It is not possible to
retrieve a previously programmed clipping list or bitmap.

To program the source rectangle applications set the type field of a

struct v412_format to v41L2_BUF_TYPE_VIDEO_OUTPUT_OVERLAY, initialize the
win substructure and call the viD1oC_s_FMT ioctl. The driver adjusts the
parameters against hardware limits and returns the actual parameters as
VIDIOC_G_FMT does. Like VIDIOC_S_FMT, the VIDIOC_TRY_FMT ioctl can be
used to learn about driver capabilities without actually changing driver state. Unlike
VIDIOC_S_FMT this also works after the overlay has been enabled.

A struct v412_crop defines the size and position of the target rectangle. The scaling
factor of the overlay is implied by the width and height given in struct v412_window
and struct v412_crop. The cropping API applies to Video Output and Video Output
Overlay devices in the same way as to Video Capture and Video Overlay devices,
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merely reversing the direction of the data flow. For more information see Section
1.12.

4.4.4. Enabling Overlay

There is no V4L2 ioctl to enable or disable the overlay, however the framebuffer
interface of the driver may support the FBIOBLANK ioctl.

4.5. Codec Interface

Suspended: This interface has been be suspended from the V4L2 API
implemented in Linux 2.6 until we have more experience with codec device
interfaces.

A V4L2 codec can compress, decompress, transform, or otherwise convert video
data from one format into another format, in memory. Applications send data to be
converted to the driver through a write () call, and receive the converted data
through a read () call. For efficiency a driver may also support streaming I/O.

[to do]

4.6. Effect Devices Interface

Suspended: This interface has been be suspended from the V4L2 API
implemented in Linux 2.6 until we have more experience with effect device
interfaces.

A V4L2 video effect device can do image effects, filtering, or combine two or more
images or image streams. For example video transitions or wipes. Applications send
data to be processed and receive the result data either with read () and write ()
functions, or through the streaming I/O mechanism.

[to do]
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4.7. Raw VBI Data Interface
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VBI is an abbreviation of Vertical Blanking Interval, a gap in the sequence of lines
of an analog video signal. During VBI no picture information is transmitted,
allowing some time while the electron beam of a cathode ray tube TV returns to the
top of the screen. Using an oscilloscope you will find here the vertical
synchronization pulses and short data packages ASK modulated® onto the video
signal. These are transmissions of services such as Teletext or Closed Caption.

Subject of this interface type is raw VBI data, as sampled off a video signal, or to be
added to a signal for output. The data format is similar to uncompressed video
images, a number of lines times a number of samples per line, we call this a VBI
image.

Conventionally V4L2 VBI devices are accessed through character device special
files named /dev/vbi and /dev/vbi0 to /dev/vbi31 with major number 81 and
minor numbers 224 to 255. /dev/vbi is typically a symbolic link to the preferred
VBI device. This convention applies to both input and output devices.

To address the problems of finding related video and VBI devices VBI capturing
and output is also available as device function under /dev/video. To capture or
output raw VBI data with these devices applications must call the vIDIOC_S_FMT
ioctl. Accessed as /dev/vbi, raw VBI capturing or output is the default device
function.

4.7.1. Querying Capabilities

Devices supporting the raw VBI capturing or output API set the
V4L2_CAP_VBI_CAPTURE or V4L2_CAP_VBI_OUTPUT flags, respectively, in the
capabilities field of struct v412_capability returned by the VIDIOC_QUERYCAP
ioctl. At least one of the read/write, streaming or asynchronous I/O methods must
be supported. VBI devices may or may not have a tuner or modulator.

4.7.2. Supplemental Functions

VBI devices shall support video input or output, tuner or modulator, and controls
ioctls as needed. The video standard ioctls provide information vital to program a
VBI device, therefore must be supported.

4.7.3. Raw VBI Format Negotiation

Raw VBI sampling abilities can vary, in particular the sampling frequency. To
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properly interpret the data V4L2 specifies an ioctl to query the sampling
parameters. Moreover, to allow for some flexibility applications can also suggest
different parameters.

As usual these parameters are not reset at open () time to permit Unix tool chains,

programming a device and then reading from it as if it was a plain file. Well written
V4L.2 applications should always ensure they really get what they want, requesting
reasonable parameters and then checking if the actual parameters are suitable.

To query the current raw VBI capture parameters applications set the t ype field of
a struct v412_format to V412 BUF_ TYPE_VBI_CAPTURE Or
V4L2_BUF_TYPE_VBI_OUTPUT, and call the viDI0OC_G_FMT ioctl with a pointer to
this structure. Drivers fill the struct v412_vbi_format vbi member of the fmt union.

To request different parameters applications set the t ype field of a

struct v412_format as above and initialize all fields of the struct v412_vbi_format
vbi member of the fmt union, or better just modify the results of vIDIOC_G_FMT,
and call the vipIoC_S_FMT ioctl with a pointer to this structure. Drivers return an
EINVAL error code only when the given parameters are ambiguous, otherwise they
modify the parameters according to the hardware capabilites and return the actual
parameters. When the driver allocates resources at this point, it may return an
EBUSY error code to indicate the returned parameters are valid but the required
resources are currently not available. That may happen for instance when the video
and VBI areas to capture would overlap, or when the driver supports multiple opens
and another process already requested VBI capturing or output. Anyway,
applications must expect other resource allocation points which may return EBUSY,
at the VIDIOC_STREAMON ioctl and the first read(), write() and select() call.

VBI devices must implement both the VIDIOC_G_FMT and VIDIOC_S_FMT ioctl,
even if vIDIOC_sS_FMT ignores all requests and always returns default parameters
as VIDIOC_G_FMT does. VIDIOC_TRY_FMT is optional.

Table 4-4. struct v412_vbi_format

_u32 sampling rate  Samples per second, i. e. unit 1 Hz.

_u32 offset Horizontal offset of the VBI image,
relative to the leading edge of the line
synchronization pulse and counted in
samples: The first sample in the VBI
image will be located of fset /
sampling_rate seconds following the
leading edge. See also Figure 4-1.

_u32 samples_per_line
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_u32 sample_format  Defines the sample format as in Chapter

2, a four-character-code.. Usually this is
V4L2_PIX_FMT_GREY, i. e. each sample
consists of 8 bits with lower values
oriented towards the black level. Do not
assume any other correlation of values
with the signal level. For example, the
MSB does not necessarily indicate if the
signal is "high’ or "low’ because 128
may not be the mean value of the signal.
Drivers shall not convert the sample
format by software.

_u32 start[2] This is the scanning system line number

associated with the first line of the VBI
image, of the first and the second field
respectively. See Figure 4-2 and Figure
4-3 for valid values. VBI input drivers
can return start values O if the hardware
cannot reliable identify scanning lines,
VBI acquisition may not require this
information.

_u32 count|2] The number of lines in the first and

second field image, respectively.
Drivers should be as flexibility as possible. For example, it may be possible to
extend or move the VBI capture window down to the picture area, implementing a
"full field mode’ to capture data service transmissions embedded in the picture.
An application can set the first or second count value to zero if no data is
required from the respective field; count[1] if the scanning system is progressive,
i. e. not interlaced. The corresponding start value shall be ignored by the
application and driver. Anyway, drivers may not support single field capturing and
return both count values non-zero.

Both count values set to zero, or line numbers outside the bounds depicted in
Figure 4-2 and Figure 4-3, or a field image covering lines of two fields, are invalid
and shall not be returned by the driver.

To initialize the start and count fields, applications must first determine the
current video standard selection. The v412_std_id or the framelines field of
struct v412_standard can be evaluated for this purpose.
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_u32 flags See Table 4-5 below. Currently only
drivers set flags, applications must set
this field to zero.

_u32 reserved|2] This array is reserved for future
extensions. Drivers and applications
must set it to zero.

Notes:

a. A few devices may be unable to sample VBI data at all but can extend the

video capture window to the VBI region.

Table 4-5. Raw VBI Format Flags

V4L2_VBI_UNSYNC 0x0001  This flag indicates hardware which does
not properly distinguish between fields.
Normally the VBI image stores the first
field (lower scanning line numbers) first
in memory. This may be a top or bottom
field depending on the video standard.
When this flag is set the first or second
field may be stored first, however the
fields are still in correct temporal order
with the older field first in memory.a
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V4L2_VBI_INTERLACED 0x0002 By default the two field images will be
passed sequentially; all lines of the first
field followed by all lines of the second
field (compare Section 3.6
V4L2_FIELD_SEQ_TB and
V4L2_FIELD_SEQ_BT, whether the top
or bottom field is first in memory
depends on the video standard). When
this flag is set, the two fields are
interlaced (cf.
V4L2_FIELD_INTERLACED). The first
line of the first field followed by the first
line of the second field, then the two
second lines, and so on. Such a layout
may be necessary when the hardware
has been programmed to capture or
output interlaced video images and is
unable to separate the fields for VBI
capturing at the same time. For
simplicity setting this flag implies that
both count values are equal and
non-zero.

Notes:

a. Most VBI services transmit on both fields, but some have different semantics

depending on the field number. These cannot be reliable decoded or encoded when

V4L2_VBI_UNSYNC is set.

Figure 4-1. Line synchronization

vbi_hsync.pdf
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Figure 4-2. ITU-R 525 line numbering (M/NTSC and M/PAL)

vbi_525.pdf

(1) For the purpose of this specification field 2 starts in line 264 and not 263.5
because half line capturing is not supported.

Figure 4-3. ITU-R 625 line numbering

vbi_625.pdf

(1) For the purpose of this specification field 2 starts in line 314 and not 313.5
because half line capturing is not supported.

Remember the VBI image format depends on the selected video standard, therefore
the application must choose a new standard or query the current standard first.
Attempts to read or write data ahead of format negotiation, or after switching the
video standard which may invalidate the negotiated VBI parameters, should be
refused by the driver. A format change during active I/O is not permitted.

4.7.4. Reading and writing VBI images

To assure synchronization with the field number and easier implementation, the
smallest unit of data passed at a time is one frame, consisting of two fields of VBI
images immediately following in memory.

The total size of a frame computes as follows:

(count[0] + count[1l]) =
samples_per_line * sample size in bytes

The sample size is most likely always one byte, applications must check the
sample_format field though, to function properly with other drivers.

A VBI device may support read/write and/or streaming (memory mapping or user
pointer) I/O. The latter bears the possibility of synchronizing video and VBI data by
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using buffer timestamps.

Remember the vIDIOC_STREAMON ioctl and the first read(), write() and select() call
can be resource allocation points returning an EBUSY error code if the required
hardware resources are temporarily unavailable, for example the device is already in
use by another process.

4.8. Sliced VBI Data Interface
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VBI stands for Vertical Blanking Interval, a gap in the sequence of lines of an
analog video signal. During VBI no picture information is transmitted, allowing
some time while the electron beam of a cathode ray tube TV returns to the top of
the screen.

Sliced VBI devices use hardware to demodulate data transmitted in the VBI. V4L2
drivers shall not do this by software, see also the raw VBI interface. The data is
passed as short packets of fixed size, covering one scan line each. The number of
packets per video frame is variable.

Sliced VBI capture and output devices are accessed through the same character
special files as raw VBI devices. When a driver supports both interfaces, the default
function of a /dev/vbi device is raw VBI capturing or output, and the sliced VBI
function is only available after calling the viDIoC_S_FMT ioctl as defined below.
Likewise a /dev/video device may support the sliced VBI API, however the
default function here is video capturing or output. Different file descriptors must be
used to pass raw and sliced VBI data simultaneously, if this is supported by the
driver.

4.8.1. Querying Capabilities

Devices supporting the sliced VBI capturing or output API set the
V4L2_CAP_SLICED_VBI_CAPTURE or V4L2_CAP_SLICED_VBI_OUTPUT flag
respectively, in the capabilities field of struct v412_capability returned by the
VIDIOC_QUERYCAP ioctl. At least one of the read/write, streaming or asynchronous
I/O methods must be supported. Sliced VBI devices may have a tuner or modulator.

4.8.2. Supplemental Functions

Sliced VBI devices shall support video input or output and tuner or modulator ioctls
if they have these capabilities, and they may support control ioctls. The video
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standard ioctls provide information vital to program a sliced VBI device, therefore
must be supported.

4.8.3. Sliced VBI Format Negotiation

To find out which data services are supported by the hardware applications can call
the VIDIOC_G_SLICED_VBI_CAP ioctl. All drivers implementing the sliced VBI
interface must support this ioctl. The results may differ from those of the
VIDIOC_S_FMT ioctl when the number of VBI lines the hardware can capture or
output per frame, or the number of services it can identify on a given line are
limited. For example on PAL line 16 the hardware may be able to look for a VPS or
Teletext signal, but not both at the same time.

To determine the currently selected services applications set the type field of
struct v412_format to V4L2_BUF_TYPE_SLICED_VBI_CAPTURE Or

V4L2_BUF_TYPE_SLICED_ VBI_OUTPUT, and the vIDIOC_G_FMT ioctl fills the
fmt . sliced member, a struct v412_sliced_vbi_format.

Applications can request different parameters by initializing or modifying the
fmt . s1iced member and calling the viDToC_S_FMT ioctl with a pointer to the
v412_format structure.

The sliced VBI API is more complicated than the raw VBI API because the
hardware must be told which VBI service to expect on each scan line. Not all
services may be supported by the hardware on all lines (this is especially true for
VBI output where Teletext is often unsupported and other services can only be
inserted in one specific line). In many cases, however, it is sufficient to just set the
service_set field to the required services and let the driver fill the
service_lines array according to hardware capabilities. Only if more precise
control is needed should the programmer set the service_1ines array explicitly.

The vipIioc_s_rMT ioctl modifies the parameters according to hardware
capabilities. When the driver allocates resources at this point, it may return an
EBUSY error code if the required resources are temporarily unavailable. Other
resource allocation points which may return EBUSY can be the
VIDIOC_STREAMON ioctl and the first read (), write () and select () call.

Table 4-6. struct v412_sliced_vbi_format

133



Chapter 4. Interfaces

134

_u32

service set

If service_set is non-zero when
passed with VIDIOC_S_FMT or
VIDIOC_TRY_ FMT, the
service_lines array will be filled by
the driver according to the services
specified in this field. For example, if
service_set is initialized with
V4L2_SLICED_TELETEXT_B |
V4L2_SLICED_WSS_ 625, adriver for
the cx25840 video decoder sets lines
7-22 of both fieldsa to
V4L2_SLICED_TELETEXT_ B and line
23 of the first field to
V4L2_SLICED_WSS_625. If

service_ set 1S set to zero, then the
values of service 1ines will be used
instead.

On return the driver sets this field to the
union of all elements of the returned
service_lines array. It may contain
less services than requested, perhaps
just one, if the hardware cannot handle
more services simultaneously. It may
be empty (zero) if none of the requested
services are supported by the hardware.
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service_lines|[2][Afplications initialize this array with

io_size

sets of data services the driver shall
look for or insert on the respective scan
line. Subject to hardware capabilities
drivers return the requested set, a
subset, which may be just a single
service, or an empty set. When the
hardware cannot handle multiple
services on the same line the driver
shall choose one. No assumptions can
be made on which service the driver
chooses.

Data services are defined in Table 4-7.
Array indices map to ITU-R line
numbers (see also Figure 4-2 and
Figure 4-3) as follows:

Element 525 line 625 line

systems systems
service_lines[0][1] 1
service_lines[@}23] 23
service_lines[26f ] 314
service_lines[2§R3] 336

Drivers must set service_1ines[0][0]
and service 1lines[1][0] to zero.
Maximum number of bytes passed by
one read () or write () call, and the
buffer size in bytes for the
VIDIOC_QBUF and VIDIOC_DQBUF
ioctl. Drivers set this field to the size of
struct v412_sliced_vbi_data times the
number of non-zero elements in the
returned service_1lines array (that is
the number of lines potentially carrying
data).
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_u32 reserved|2] This array is reserved for future
extensions. Applications and drivers
must set it to zero.

Notes:

a. According to ETS 300 706 lines 6-22 of the first field and lines 5-22 of the

second field may carry Teletext data.

Table 4-7. Sliced VBI services

Symbol Value Referenckines, usually Payload

v412_SLICED_TELEIWOIB ETS 300 7BAL/SECAM line Last 42 of the 45

(Teletext System ITU BT.653-22, 320-335 byte Teletext

B) (second field 7-22) packet, that is
without clock
run-in and framing
code, Isb first
transmitted.

V4L2_SLICED_VPS 0x0400 ETS 300 2BAL line 16 Byte number 3 to
15 according to
Figure 9 of
ETS 300 231, Isb
first transmitted.

v4L2_SLICED_car1xd00025 EIA 608- NTSC line 21, 284 Two bytes in

B (second field 21) transmission order,

including parity bit,
Isb first
transmitted.

V4L.2_SLICED_Wss_(0xA900 ITU BT.11RRL/SECAM line

EN 300 2923 Byte 0

msb 1sb msb
Bit 76 54 3210

V4L2_SLICED_VBI_(IH0O0 Set of services applicable to 525 line systems.

v4L2_SLICED_VBI (0801 Set of services applicable to 625 line systems.

Drivers may return an EINVAL error code when applications attempt to read or
write data without prior format negotiation, after switching the video standard
(which may invalidate the negotiated VBI parameters) and after switching the video
input (which may change the video standard as a side effect). The vIDIOC_S_FMT
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ioctl may return an EBUSY error code when applications attempt to change the
format while i/0 is in progress (between a VIDIOC_STREAMON and
VIDIOC_STREAMOEFF call, and after the first read () or write () call).

4.8.4. Reading and writing sliced VBI data

A single read () or write () call must pass all data belonging to one video frame.
That is an array of v412_sliced_vbi_data structures with one or more elements and a
total size not exceeding io_size bytes. Likewise in streaming I/O mode one buffer

of io0_size bytes must contain data of one video frame. The id of unused
v412_sliced_vbi_data elements must be zero.

Table 4-8. struct v412_sliced_vbi_data

_u32 id
_u32 field
_u32 line
_u32

A flag from Table A-2 identifying the
type of data in this packet. Only a single
bit must be set. When the id of a
captured packet is zero, the packet is
empty and the contents of other fields
are undefined. Applications shall ignore
empty packets. When the id of a packet
for output is zero the contents of the
data field are undefined and the driver
must no longer insert data on the
requested field and 1ine.

The video field number this data has
been captured from, or shall be inserted
at. 0 for the first field, 1 for the second
field.

The field (as opposed to frame) line
number this data has been captured
from, or shall be inserted at. See Figure
4-2 and Figure 4-3 for valid values.
Sliced VBI capture devices can set the
line number of all packets to 0 if the
hardware cannot reliably identify scan
lines. The field number must always be
valid.

reservedlhis field is reserved for future

extensions. Applications and drivers
must set it to zero.
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_ud datal48] The packet payload. See Table A-2 for
the contents and number of bytes passed
for each data type. The contents of
padding bytes at the end of this array are
undefined, drivers and applications shall
ignore them.

Packets are always passed in ascending line number order, without duplicate line
numbers. The write () function and the vIDIOC_QBUF ioctl must return an
EINVAL error code when applications violate this rule. They must also return an
EINVAL error code when applications pass an incorrect field or line number, or a
combination of field, 1ine and id which has not been negotiated with the
VIDIOC_G_FMT or VIDIOC_S_FMT ioctl. When the line numbers are unknown the
driver must pass the packets in transmitted order. The driver can insert empty
packets with id set to zero anywhere in the packet array.

To assure synchronization and to distinguish from frame dropping, when a captured
frame does not carry any of the requested data services drivers must pass one or
more empty packets. When an application fails to pass VBI data in time for output,
the driver must output the last VPS and WSS packet again, and disable the output of
Closed Caption and Teletext data, or output data which is ignored by Closed
Caption and Teletext decoders.

A sliced VBI device may support read/write and/or streaming (memory mapping
and/or user pointer) I/O. The latter bears the possibility of synchronizing video and
VBI data by using buffer timestamps.

4.8.5. Sliced VBI Data in MPEG Streams

If a device can produce an MPEG output stream, it may be capable of providing
negotiated sliced VBI services as data embedded in the MPEG stream. Users or
applications control this sliced VBI data insertion with the
V4L2_CID_MPEG_STREAM_VBI_FMT control.

If the driver does not provide the V4L2_CID_MPEG_STREAM_VBI_FMT
control, or only allows that control to be set to
V4L2_MPEG_STREAM_VBI_FMT_NONE, then the device cannot embed sliced VBI
data in the MPEG stream.

The V4L2_CID_MPEG_STREAM_VBI_FMT control does not implicitly set the
device driver to capture nor cease capturing sliced VBI data. The control only
indicates to embed sliced VBI data in the MPEG stream, if an application has
negotiated sliced VBI service be captured.
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It may also be the case that a device can embed sliced VBI data in only certain types
of MPEG streams: for example in an MPEG-2 PS but not an MPEG-2 TS. In this
situation, if sliced VBI data insertion is requested, the sliced VBI data will be
embedded in MPEG stream types when supported, and silently omitted from
MPEG stream types where sliced VBI data insertion is not supported by the device.

The following subsections specify the format of the embedded sliced VBI data.

4.8.5.1. MPEG Stream Embedded, Sliced VBI Data Format:
NONE

The v4L2_MPEG_STREAM VBI_FMT_NONE embedded sliced VBI format shall be
interpreted by drivers as a control to cease embedding sliced VBI data in MPEG
streams. Neither the device nor driver shall insert "empty" embedded sliced VBI
data packets in the MPEG stream when this format is set. No MPEG stream data
structures are specified for this format.

4.8.5.2. MPEG Stream Embedded, Sliced VBI Data Format:
IVTV

The v4L2_MPEG_STREAM_VBI_FMT_IVTV embedded sliced VBI format, when
supported, indicates to the driver to embed up to 36 lines of sliced VBI data per
frame in an MPEG-2 Private Stream 1 PES packet encapsulated in an MPEG-2
Program Pack in the MPEG stream.

Historical context: This format specification originates from a custom, embedded,
sliced VBI data format used by the ivtv driver. This format has already been
informally specified in the kernel sources in the file
Documentation/video4linux/cx2341x/README.vbi . The maximum size of
the payload and other aspects of this format are driven by the CX23415 MPEG
decoder’s capabilities and limitations with respect to extracting, decoding, and
displaying sliced VBI data embedded within an MPEG stream.

This format’s use is not exclusive to the ivtv driver nor exclusive to CX2341x
devices, as the sliced VBI data packet insertion into the MPEG stream is
implemented in driver software. At least the cx18 driver provides sliced VBI data
insertion into an MPEG-2 PS in this format as well.

The following definitions specify the payload of the MPEG-2 Private Stream 1 PES
packets that contain sliced VBI data when v41L.2_MPEG_STREAM_VBI_FMT_IVTV
is set. (The MPEG-2 Private Stream 1 PES packet header and encapsulating
MPEG-2 Program Pack header are not detailed here. Please refer to the MPEG-2
specifications for details on those packet headers.)

139



Chapter 4. Interfaces

The payload of the MPEG-2 Private Stream 1 PES packets that contain sliced VBI
data is specified by struct v412_mpeg_vbi_fmt_ivtv. The payload is variable length,
depending on the actual number of lines of sliced VBI data present in a video
frame. The payload may be padded at the end with unspecified fill bytes to align the
end of the payload to a 4-byte boundary. The payload shall never exceed 1552 bytes
(2 fields with 18 lines/field with 43 bytes of data/line and a 4 byte magic number).

Table 4-9. struct v412_mpeg_vbi_fmt_ivtv

_us8 magicl[4] A "magic" constant from Table
4-10 that indicates this is a valid
sliced VBI data payload and
also indicates which member of
the anonymous union, i tv0 or
ITVO, to use for the payload

data.
union (anonymous)

struct itvo The primary form of the sliced

v412_mpeg_vbi_itv0 VBI data payload that contains
anywhere from 1 to 35 lines of
sliced VBI data. Line masks are
provided in this form of the
payload indicating which VBI
lines are provided.

struct ITVO An alternate form of the sliced

v412_mpeg_vbi_ITVO VBI data payload used when 36

lines of sliced VBI data are
present. No line masks are
provided in this form of the
payload; all valid line mask bits
are implcitly set.

Table 4-10. Magic Constants for struct v412_mpeg_vbi_fmt_ivtv magic field

Defined Symbol Value Description

V4L2_MPEG_VBI_IVTV_MAGICitv0" Indicates the itv0 member of the union
in struct v412_mpeg_vbi_fmt_ivtv is
valid.

V4L2_MPEG_VBI_IVTV_MAGICITVO" Indicates the 17v0 member of the union
in struct v412_mpeg_vbi_fmt_ivtv is
valid and that 36 lines of sliced VBI data
are present.
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Table 4-11. struct v412_mpeg_vbi_itv0

_le32 linemask[2]

struct 1ine[35]
v412_mpeg_vbi_itv0_line

Table 4-12. struct v412_mpeg_vbi_ITV0
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Bitmasks indicating the VBI service

lines present. These 1inemask values

are stored in little endian byte order in

the MPEG stream. Some reference

linemask bit positions with their
corresponding VBI line number and

video field are given below. bo indicates

the least significant bit of a 1inemask

value:

bo: line 6 first field
bi7: line 23 first field

linemask
linemask
linemask bis: line 6 second field
bo: line 20 second field
bs: 1line 23 second field

ba=bs1: unused and set to 0

(0]
(0]
[0]
linemask[0] bsi: line 19 second field
linemask|[1]
linemask[1]
(1]

linemask

This is a variable length array that holds
from 1 to 35 lines of sliced VBI data.
The sliced VBI data lines present
correspond to the bits set in the
1linemask array, starting from bo of

0] up through b3 of

0], and from bo of

1] up through b 3 of

1]. 1ine[0] corresponds to
the first bit found set in the 1inemask
array, 1ine[l] corresponds to the
second bit found set in the 1inemask
array, etc. If no 1inemask array bits are

linemask
linemask

linemask

— —— —

linemask

set, then 1ine[0] may contain one line
of unspecified data that should be
ignored by applications.
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struct 1inel36] A fixed length array of 36 lines of sliced

v412_mpeg_vbi_itv0_line VBI data. 1ine[0] through 1ine [17]
correspond to lines 6 through 23 of the
first field. 1ine[18] through 1ine[35]
corresponds to lines 6 through 23 of the
second field.

Table 4-13. struct v412_mpeg_vbi_itv0_line

_u8 id A line identifier value from Table 4-14
that indicates the type of sliced VBI data
stored on this line.

_u8 datal42] The sliced VBI data for the line.

Table 4-14. Line Identifiers for struct v412_mpeg_vbi_itv0_line id field

Defined Symbol Value Description

V4L2_MPEG_VBI_IVTV_TELETEXT B Referto Sliced VBI services for a
description of the line payload.

V4L2_MPEG_VBI_IVTV_CAPTHON_525 Referto Sliced VBI services for a
description of the line payload.

V4L2_MPEG_VBI_IVTV_WSS_6&25 Refer to Sliced VBI services for a
description of the line payload.
V4L2_MPEG_VBI_IVTV_VPS 7 Refer to Sliced VBI services for a

description of the line payload.

4.9. Teletext Interface

This interface was aimed at devices receiving and demodulating Teletext data

[ETS 300 706, ITU BT.653], evaluating the Teletext packages and storing formatted
pages in cache memory. Such devices are usually implemented as microcontrollers
with serial interface (I°C) and could be found on old TV cards, dedicated Teletext
decoding cards and home-brew devices connected to the PC parallel port.

The Teletext API was designed by Martin Buck. It was defined in the kernel header
file 1inux/videotext .h, the specification is available from
ftp://ftp.gwdg.de/pub/linux/misc/videotext/
(ftp://ftp.gwdg.de/pub/linux/misc/videotext/). (Videotext is the name of the German
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public television Teletext service.)

Eventually the Teletext API was integrated into the V4L API with character device
file names /dev/vtx0 to /dev/vtx31, device major number 81, minor numbers
192 to 223.

However, teletext decoders were quickly replaced by more generic VBI
demodulators and those dedicated teletext decoders no longer exist. For many years
the vtx devices were still around, even though nobody used them. So the decision
was made to finally remove support for the Teletext API in kernel 2.6.37.

Modern devices all use the raw or sliced VBI API.

Radio Interface

This interface is intended for AM and FM (analog) radio receivers and transmitters.

Conventionally V4L2 radio devices are accessed through character device special
files named /dev/radio and /dev/radio0 to /dev/radio63 with major
number 81 and minor numbers 64 to 127.

4.10.1. Querying Capabilities

Devices supporting the radio interface set the v4L2_CAP_RADIO and
V4L2_CAP_TUNER Or V4L2_CAP_MODULATOR flag in the capabilities field of
struct v412_capability returned by the vIDIOC_QUERYCAP ioctl. Other
combinations of capability flags are reserved for future extensions.

4.10.2. Supplemental Functions

Radio devices can support controls, and must support the tuner or modulator ioctls.

They do not support the video input or output, audio input or output, video standard,
cropping and scaling, compression and streaming parameter, or overlay ioctls. All
other ioctls and I/O methods are reserved for future extensions.

4.10.3. Programming

Radio devices may have a couple audio controls (as discussed in Section 1.8) such
as a volume control, possibly custom controls. Further all radio devices have one
tuner or modulator (these are discussed in Section 1.6) with index number zero to
select the radio frequency and to determine if a monaural or FM stereo program is
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received/emitted. Drivers switch automatically between AM and FM depending on
the selected frequency. The VIDIOC_G_TUNER or VIDIOC_G_MODULATOR ioctl
reports the supported frequency range.

RDS Interface

The Radio Data System transmits supplementary information in binary format, for
example the station name or travel information, on an inaudible audio subcarrier of
a radio program. This interface is aimed at devices capable of receiving and/or
transmitting RDS information.

For more information see the core RDS standard EN 50067 and the RBDS standard
NRSC-4.

Note that the RBDS standard as is used in the USA is almost identical to the RDS
standard. Any RDS decoder/encoder can also handle RBDS. Only some of the fields
have slightly different meanings. See the RBDS standard for more information.

The RBDS standard also specifies support for MMBS (Modified Mobile Search).
This is a proprietary format which seems to be discontinued. The RDS interface
does not support this format. Should support for MMBS (or the so-called "E blocks’
in general) be needed, then please contact the linux-media mailing list:
http://www.linuxtv.org/lists.php.

4.11.1. Querying Capabilities

Devices supporting the RDS capturing API set the v41L2_CAP_RDS_CAPTURE flag
in the capabilities field of struct v4l2_capability returned by the
VIDIOC_QUERYCAP ioctl. Any tuner that supports RDS will set the
V4L2_TUNER_CAP_RDS flag in the capability field of struct v412_tuner. If the
driver only passes RDS blocks without interpreting the data the
V4L2_TUNER_SUB_RDS_BLOCK_T0 flag has to be set, see Reading RDS data. For
future use the flag v41.2_TUNER_SUB_RDS_CONTROLS has also been defined.
However, a driver for a radio tuner with this capability does not yet exist, so if you
are planning to write such a driver you should discuss this on the linux-media
mailing list: http://www.linuxtv.org/lists.php.

Whether an RDS signal is present can be detected by looking at the rxsubchans
field of struct v412_tuner: the v41.2_TUNER_SUB_RDS will be set if RDS data was
detected.

Devices supporting the RDS output API set the v41.2_caApP_RDS_OUTPUT flag in the
capabilities field of struct v412_capability returned by the VIDIOC_QUERYCAP
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ioctl. Any modulator that supports RDS will set the v41.2_TUNER_CAP_RDS flag in
the capability field of struct v412_modulator. In order to enable the RDS
transmission one must set the Vv4L2_TUNER_SUB_RDS bit in the txsubchans field
of struct v412_modulator. If the driver only passes RDS blocks without interpreting
the data the V41.2_TUNER_SUB_RDS_BLOCK_TIO0 flag has to be set. If the tuner is
capable of handling RDS entities like program identification codes and radio text,
the flag V412 _TUNER_SUB_RDS_CONTROLS should be set, see Writing RDS data
and FM Transmitter Control Reference.

4.11.2. Reading RDS data

RDS data can be read from the radio device with the read () function. The data is
packed in groups of three bytes.

4.11.3. Writing RDS data

RDS data can be written to the radio device with the write () function. The data is
packed in groups of three bytes, as follows:

4.11.4. RDS datastructures

Table 4-15. struct v412_rds_data

_ud 1sb Least Significant Byte of RDS Block
_u8 msb Most Significant Byte of RDS Block
_u8 block Block description

Table 4-16. Block description

Bits 0-2 Block (aka offset) of the received data.

Bits 3-5 Deprecated. Currently identical to bits 0-2. Do not use these bits.

Bit 6 Corrected bit. Indicates that an error was corrected for this data
block.

Bit7 Error bit. Indicates that an uncorrectable error occurred during

reception of this block.

Table 4-17. Block defines
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V4L2_RDS_BLOCK/ MSK  Mask for bits 0-2 to get the block ID.

V4L2_RDS_BLOCK) A Block A.
V4L2_RDS_BLOCKIL B Block B.
V4L2_RDS_BLOCR2 C Block C.
V4L2_RDS_BLOCK3 D Block D.

V4L2_RDS_BLOCK4 C_ALT Block C’.

V4L2_RDfeaBL.OCK7 INVALIAN invalid block.
only

V4L2_RDfadl. OCK)4ORRE@&IH L error was detected but corrected.
only

V4L2 RDfadl. OCK)A8BRROR An uncorrectable error occurred.
only

4.12. Event Interface

146

The V4L2 event interface provides means for user to get immediately notified on
certain conditions taking place on a device. This might include start of frame or loss
of signal events, for example.

To receive events, the events the user is interested in first must be subscribed using
the VIDIOC SUBSCRIBE_EVENT ioctl. Once an event is subscribed, the events of
subscribed types are dequeueable using the VIDIOC_DQEVENT ioctl. Events may be
unsubscribed using VIDIOC_UNSUBSCRIBE_EVENT ioctl. The special event
type V4L2_EVENT_ALL may be used to unsubscribe all the events the driver
supports.

The event subscriptions and event queues are specific to file handles. Subscribing an
event on one file handle does not affect other file handles.

The information on dequeueable events is obtained by using select or poll system
calls on video devices. The V4L2 events use POLLPRI events on poll system call
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and exceptions on select system call.

4.13. Sub-device Interface

Experimental: This is an experimental interface and may change in the future.

The complex nature of V4L2 devices, where hardware is often made of several
integrated circuits that need to interact with each other in a controlled way, leads to
complex V4L2 drivers. The drivers usually reflect the hardware model in software,
and model the different hardware components as software blocks called
sub-devices.

V4L2 sub-devices are usually kernel-only objects. If the V4L2 driver implements
the media device API, they will automatically inherit from media entities.
Applications will be able to enumerate the sub-devices and discover the hardware
topology using the media entities, pads and links enumeration API.

In addition to make sub-devices discoverable, drivers can also choose to make them
directly configurable by applications. When both the sub-device driver and the
V4L2 device driver support this, sub-devices will feature a character device node on
which ioctls can be called to

+ query, read and write sub-devices controls
« subscribe and unsubscribe to events and retrieve them

+ negotiate image formats on individual pads

Sub-device character device nodes, conventionally named /dev/v41-subdev,
use major number 81.

4.13.1. Controls

Most V4L.2 controls are implemented by sub-device hardware. Drivers usually
merge all controls and expose them through video device nodes. Applications can
control all sub-devices through a single interface.

Complex devices sometimes implement the same control in different pieces of
hardware. This situation is common in embedded platforms, where both sensors and
image processing hardware implement identical functions, such as contrast
adjustment, white balance or faulty pixels correction. As the V4L2 controls API
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doesn’t support several identical controls in a single device, all but one of the
identical controls are hidden.

Applications can access those hidden controls through the sub-device node with the
V4L2 control API described in Section 1.8. The ioctls behave identically as when
issued on V4L2 device nodes, with the exception that they deal only with controls
implemented in the sub-device.

Depending on the driver, those controls might also be exposed through one (or
several) V4L2 device nodes.

4.13.2. Events

V4L2 sub-devices can notify applications of events as described in Section 4.12.
The API behaves identically as when used on V4L2 device nodes, with the
exception that it only deals with events generated by the sub-device. Depending on
the driver, those events might also be reported on one (or several) V4L2 device
nodes.

4.13.3. Pad-level Formats

Warning

Pad-level formats are only applicable to very complex device
that need to expose low-level format configuration to user
space. Generic V4L2 applications do not need to use the API
described in this section.

Note: For the purpose of this section, the term format means the combination
of media bus data format, frame width and frame height.

Image formats are typically negotiated on video capture and output devices using
the cropping and scaling ioctls. The driver is responsible for configuring every
block in the video pipeline according to the requested format at the pipeline input
and/or output.

For complex devices, such as often found in embedded systems, identical image
sizes at the output of a pipeline can be achieved using different hardware
configurations. One such example is shown on Figure 4-4, where image scaling can
be performed on both the video sensor and the host image processing hardware.
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Figure 4-4. Image Format Negotiation on Pipelines

=0

pipeline.pd

The sensor scaler is usually of less quality than the host scaler, but scaling on the
sensor 1s required to achieve higher frame rates. Depending on the use case (quality
vs. speed), the pipeline must be configured differently. Applications need to
configure the formats at every point in the pipeline explicitly.

Drivers that implement the media API can expose pad-level image format
configuration to applications. When they do, applications can use the
VIDIOC_SUBDEV_G_FMT and VIDIOC_SUBDEV_S_FMT ioctls. to negotiate formats
on a per-pad basis.

Applications are responsible for configuring coherent parameters on the whole
pipeline and making sure that connected pads have compatible formats. The
pipeline is checked for formats mismatch at vIDIOC_STREAMON time, and an
EPIPE error code is then returned if the configuration is invalid.

Pad-level image format configuration support can be tested by calling the
VIDIOC_SUBDEV_G_FMT ioctl on pad 0. If the driver returns an EINVAL error code
pad-level format configuration is not supported by the sub-device.

4.13.3.1. Format Negotiation

Acceptable formats on pads can (and usually do) depend on a number of external
parameters, such as formats on other pads, active links, or even controls. Finding a
combination of formats on all pads in a video pipeline, acceptable to both
application and driver, can’t rely on formats enumeration only. A format negotiation
mechanism is required.

Central to the format negotiation mechanism are the get/set format operations.
When called with the which argument set to V41L.2__SUBDEV_FORMAT_TRY, the
VIDIOC_SUBDEV_G_FMT and VIDIOC_SUBDEV_S_FMT ioctls operate on a set of
formats parameters that are not connected to the hardware configuration. Modifying
those ’try’ formats leaves the device state untouched (this applies to both the
software state stored in the driver and the hardware state stored in the device itself).

While not kept as part of the device state, try formats are stored in the sub-device
file handles. A viD10C_SUBDEV_G_FMT call will return the last try format set on
the same sub-device file handle. Several applications querying the same sub-device
at the same time will thus not interact with each other.

149



Chapter 4. Interfaces

150

To find out whether a particular format is supported by the device, applications use
the vIDIOC_SUBDEV_S_FMT ioctl. Drivers verify and, if needed, change the
requested format based on device requirements and return the possibly modified
value. Applications can then choose to try a different format or accept the returned
value and continue.

Formats returned by the driver during a negotiation iteration are guaranteed to be
supported by the device. In particular, drivers guarantee that a returned format will
not be further changed if passed to an vIDIOC_SUBDEV_S_FMT call as-is (as long
as external parameters, such as formats on other pads or links’ configuration are not
changed).

Drivers automatically propagate formats inside sub-devices. When a try or active
format is set on a pad, corresponding formats on other pads of the same sub-device
can be modified by the driver. Drivers are free to modify formats as required by the
device. However, they should comply with the following rules when possible:

« Formats should be propagated from sink pads to source pads. Modifying a format
on a source pad should not modify the format on any sink pad.

+ Sub-devices that scale frames using variable scaling factors should reset the scale
factors to default values when sink pads formats are modified. If the 1:1 scaling
ratio is supported, this means that source pads formats should be reset to the sink
pads formats.

Formats are not propagated across links, as that would involve propagating them
from one sub-device file handle to another. Applications must then take care to
configure both ends of every link explicitly with compatible formats. Identical
formats on the two ends of a link are guaranteed to be compatible. Drivers are free
to accept different formats matching device requirements as being compatible.

Table 4-18 shows a sample configuration sequence for the pipeline described in
Figure 4-4 (table columns list entity names and pad numbers).

Table 4-18. Sample Pipeline Configuration

Sensor/0 Frontend/0 Frontend/1 Scaler/0 Scaler/1

Initial state 2048x1536 - -

Configure 2048x1536 2048x1536 2046x1534
frontend

input

Configure 2048x1536 2048x1536 2046x1534

scaler input
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Sensor/0 Frontend/0 Frontend/1 Scaler/0 Scaler/1

Configure 2048x1536 2048x1536 2046x1534
scaler
output

1. Initial state. The sensor output is set to its native 3MP resolution. Resolutions
on the host frontend and scaler input and output pads are undefined.

2. The application configures the frontend input pad resolution to 2048x1536. The
driver propagates the format to the frontend output pad. Note that the
propagated output format can be different, as in this case, than the input format,
as the hardware might need to crop pixels (for instance when converting a
Bayer filter pattern to RGB or YUV).

3. The application configures the scaler input pad resolution to 2046x1534 to
match the frontend output resolution. The driver propagates the format to the
scaler output pad.

4. The application configures the scaler output pad resolution to 1280x960.

When satisfied with the try results, applications can set the active formats by setting
the which argument to V41L2_SUBDEV_FORMAT_TRY. Active formats are changed
exactly as try formats by drivers. To avoid modifying the hardware state during
format negotiation, applications should negotiate try formats first and then modify
the active settings using the try formats returned during the last negotiation
iteration. This guarantees that the active format will be applied as-is by the driver
without being modified.

4.13.3.2. Cropping and scaling

Many sub-devices support cropping frames on their input or output pads (or
possible even on both). Cropping is used to select the area of interest in an image,
typically on a video sensor or video decoder. It can also be used as part of digital
zoom implementations to select the area of the image that will be scaled up.

Crop settings are defined by a crop rectangle and represented in a struct v412_rect
by the coordinates of the top left corner and the rectangle size. Both the coordinates
and sizes are expressed in pixels.

The crop rectangle is retrieved and set using the VIDIOC_SUBDEV_G_CROP and
VIDIOC_SUBDEV_S_CROP ioctls. Like for pad formats, drivers store try and active
crop rectangles. The format negotiation mechanism applies to crop settings as well.
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On input pads, cropping is applied relatively to the current pad format. The pad
format represents the image size as received by the sub-device from the previous
block in the pipeline, and the crop rectangle represents the sub-image that will be
transmitted further inside the sub-device for processing. The crop rectangle be
entirely containted inside the input image size.

Input crop rectangle are reset to their default value when the input image format is
modified. Drivers should use the input image size as the crop rectangle default
value, but hardware requirements may prevent this.

Cropping behaviour on output pads is not defined.

4.13.4. Media Bus Formats

Table 4-19. struct v412_mbus_framefmt

_u32 width Image width, in pixels.

_u32 height Image height, in pixels.

_u32 code Format code, from
enum v412_mbus_pixelcode.

_u32 field Field order, from enum v412_field. See
Section 3.6 for details.

_u32 colorspace Image colorspace, from

enum v412_colorspace. See Section 2.4
for details.

_u32 reserved|7] Reserved for future extensions.
Applications and drivers must set the
array to zero.

4.13.4.1. Media Bus Pixel Codes

The media bus pixel codes describe image formats as flowing over physical busses
(both between separate physical components and inside SoC devices). This should
not be confused with the V4L2 pixel formats that describe, using four character
codes, image formats as stored in memory.

While there is a relationship between image formats on busses and image formats in
memory (a raw Bayer image won’t be magically converted to JPEG just by storing
it to memory), there is no one-to-one correspondance between them.
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4.13.4.1.1. Packed RGB Formats

Those formats transfer pixel data as red, green and blue components. The format
code is made of the following information.

+ The red, green and blue components order code, as encoded in a pixel sample.
Possible values are RGB and BGR.

« The number of bits per component, for each component. The values can be
different for all components. Common values are 555 and 565.

« The number of bus samples per pixel. Pixels that are wider than the bus width
must be transferred in multiple samples. Common values are 1 and 2.

« The bus width.

+ For formats where the total number of bits per pixel is smaller than the number of
bus samples per pixel times the bus width, a padding value stating if the bytes are
padded in their most high order bits (PADHI) or low order bits (PADLO).

+ For formats where the number of bus samples per pixel is larger than 1, an
endianness value stating if the pixel is transferred MSB first (BE) or LSB first
(LE).

For instance, a format where pixels are encoded as 5-bits red, 5-bits green and 5-bit
blue values padded on the high bit, transferred as 2 8-bit samples per pixel with the
most significant bits (padding, red and half of the green value) transferred first will
be named v4L2_MBUS_FMT_RGB555_2X8_PADHI_BE.

The following tables list existing packet RGB formats.

Table 4-20. RGB formats

Identifiéode Data organization

Bit 7 6 5 4 3 2 1 0

V4L2_MBUS_FMT_RG8444_2X8_PADHI_BB 13 12 I 10
0x1001

g3 o) gl g0 b3 b2 bi bo
V4L2_MBUS_FMT_RG8444_2X8 PADHI LEp b3 b2 bi bo
0x1002
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Identifidode Data organization

Bit 7 6 5 4 3 2 1 0

V4L2_MBUS_FMT_RG8555_2X8_PABHI_BE I 10 g4 3
0x1003

o) foal ) ba4 b3 b2 bi bo
V4L2_MBUS_FMT_RGH555_2X8_PA®HI_LBs bs b2 bi bo

0x1004

0 I4 I3 2 I ro g4 3

V4L2 MBUS_FMT BQGR565 1X&8 Bh» bi bo gs g4 3
0x1005

o) gl g0 I4 13 2 I )

V4L2_MBUS_FMT_BGRS565_2X8_LEgo I4 13 2 I 10
0x1006

ba b3 b2 bi bo gs g4 3

V4L2_MBUS_FMT_RGB565_%X8_BhE» I 10 gs g4 a3
0x1007

fo0) gl ) ba b3 b2 bi bo

VAL2_MBUS_FMT_RGB565_2X8_LEx  bs: b b b bo
0x1008

I4 13 12 I 10 gs g4 23

4.13.4.1.2. Bayer Formats

Those formats transfer pixel data as red, green and blue components. The format
code is made of the following information.

+ The red, green and blue components order code, as encoded in a pixel sample.
The possible values are shown in Figure 4-5.

+ The number of bits per pixel component. All components are transferred on the
same number of bits. Common values are 8, 10 and 12.

- If the pixel components are DPCM-compressed, a mention of the DPCM
compression and the number of bits per compressed pixel component.
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« The number of bus samples per pixel. Pixels that are wider than the bus width
must be transferred in multiple samples. Common values are 1 and 2.

o The bus width.

+ For formats where the total number of bits per pixel is smaller than the number of
bus samples per pixel times the bus width, a padding value stating if the bytes are
padded in their most high order bits (PADHI) or low order bits (PADLO).

« For formats where the number of bus samples per pixel is larger than 1, an
endianness value stating if the pixel is transferred MSB first (BE) or LSB first
(LE).

For instance, a format with uncompressed 10-bit Bayer components arranged in a
red, green, green, blue pattern transferred as 2 8-bit samples per pixel with the least
significant bits transferred first will be named
V4L2_MBUS_FMT_SRGGB10_2X8_PADHI_LE.

Figure 4-5. Bayer Patterns

bayer.pdf

The following table lists existing packet Bayer formats. The data organization is
given as an example for the first pixel only.

Table 4-21. Bayer Formats

Identifier Data organization
Code

Bit 11 10 9 8 7 6 5 4 3 2 1 0

V4L2 MBUS_FMT SBGGRS8 1X8 b7 bs bs bs bz b2 b1 bo
0x3001

V4L2_MBUS_FMT_SGBRGS_1X8 g g g g g & g g
0x3013

V4L2_ MBUS_FMT_SGRBG8_1X8 g7 g g g g g g g
0x3002
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Identifier Data organization
Code

Bit 11 10 9 8 7 6 5 4

V4L2_MBUS_FMT_SRGGB8_1X8 17 16 15 14
0x3014

V4L2_ MBUS_FMT_SBGGR10_DPCMS8_1X8 bs ba
0x300b

V4L2_MBUS_FMT_SGBRG10_DPCMS8_1X8 g5 g«
0x300c

V4L2_MBUS_FMT_SGRBGI10_DPCMS_1X8 g5 g
0x3009

V4L2 MBUS_FMT_SRGGB10_DPCM8_1X%8 15 14
0x300d

V4L2_MBUS_FMT_SBGGRI10_2X8_PFADHO BEO 0
0x3003

- - - - bz bs bs bs
V4L2 MBUS_FMT_SBGGR10 _2X8 RADHbsI.Ebs  bs
0x3004

- - - - 0O o0 0 O

V4L2_MBUS_FMT_SBGGR10_2X8 RADLB} BH7  bs
0x3005

- - - - b1t bo 0 0

V4L2_MBUS_FMT_SBGGR10_2X8 RADL LEO 0
0x3006

- - - - bo bs b7 bs
V4L2 MBUS_FMT SBGGR40 BX10b7 bs bs ba
0x3007

V4AL2_MBUS_FMT_SGBR@I0_IX10g7 g g5 g
0x300e
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Identifier Data organization
Code

Bit 11 10 9 8 7 6 5 4 3 2 1 0
V4AL2_MBUS_FMT_SGRB@I0_IX10g7 g g g g & &
0x300a

V4L2_MBUS_FMT_SRGGBJ0_1X10 17 I6 Is I4 I3 2 I1 10
0x300f

V4L2 MBUS_FMT SBGGRdI2 BX12b7 bs bs bs b3 bz b1 bo
0x3008

V4L2_MBUS_FMT_S&BR@42_1X12¢g7 g g g+ g g g g
0x3010

V4L2_MBUS_FMT S&RB@I2 1X12g7 g g g4+ g g g g
0x3011

V4L2 MBUS _FMT SRGGBI2 X112 17 16 Is I4 3 2 I 10
0x3012

4.13.4.1.3. Packed YUV Formats

Those data formats transfer pixel data as (possibly downsampled) Y, U and V
components. The format code is made of the following information.

« The Y, U and V components order code, as transferred on the bus. Possible values
are YUYV, UYVY, YVYU and VYUY.

« The number of bits per pixel component. All components are transferred on the
same number of bits. Common values are 8, 10 and 12.

« The number of bus samples per pixel. Pixels that are wider than the bus width
must be transferred in multiple samples. Common values are 1, 1.5 (encoded as
1_5) and 2.

+ The bus width. When the bus width is larger than the number of bits per pixel
component, several components are packed in a single bus sample. The
components are ordered as specified by the order code, with components on the
left of the code transferred in the high order bits. Common values are 8 and 16.
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For instance, a format where pixels are encoded as 8-bit YUV values downsampled
to 4:2:2 and transferred as 2 8-bit bus samples per pixel in the U, Y, V, Y order will
be named v41L2_MBUS_FMT_UYVY8_2X8.

The following table lisst existing packet YUV formats.

Table 4-22. YUV Formats

Identifier Data organization
Code
Bit 9 87 6543210

19181716 1514 13 12 11 10

V4L2_MBUS_FMT_¥8 1X8 - - - - - - y7 y6 y5 y4 y3 y2 y1 Yo
0x2001

V4L2_MBUS_FMT_UYVYS8 1-5X8
0x2002

U7 uUe U5 U4 U3 U2 Uur Uo

V4L2 MBUS_ FMT _VYUYS& 1-5X8 V7 V6 V5 V4 V3 V2 VI Vo

0x2003
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Code
Bit 9 8 7

19181716 1514 13 12 11 10

V4L2_MBUS_FMT_YUY¥YVE _1-5X8
0x2004

y7

V4L2_MBUS_FMT_Y¥YVYUS8 1-5X8
0x2005

y7

V4L2_MBUS_FMT _UYVY& 2X8 - - - - - w
0x2006

Yo

Yo

Ue

Yo

Yo

Vo

Yo

Yo

Vo

Yo

Yo

ue

Uo

Yo

Vo

Yo
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543210

ys

ys

us

ys

ys

Vs

ys

ys

Vs

ys

ys

us

us

ys

Vs

ys

y4

Y4

u4

Y4

y4

V4

y4

y4

V4

Y4

Y4

u4

u4

Y4

V4

y4

y3

y3

us3

y3

y3

V3

y3

y3

V3

y3

y3

us3

us3

Y3

V3

y3

y2

y2

uz

y2

y2

V2

y2

y2

V2

y2

y2

u2

uz2

y2

V2

y2

yi

yi

u1

yi

V1

yi

yi

Vi

yi

yi

ul

u1

yi

V1

yi

Yo

Yo

uo

Yo

Yo

Vo

Yo

Yo

Vo

Yo

Yo

uo

uo

Yo

Vo

Yo
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Identifier Data organization
Code
Bit 9 8 7

19181716 1514 13 12 11 10

V4L2_MBUS_FMT_VYUY82X8 - - - - - v
0x2007

S T I '

S TR | U

S T N

V4L2_MBUS_FMT_YUYV8.2X8 - - - - - 1y
0x2008

S e T T . 1 U

S T '

S T '

V4L2_MBUS_FMT_YVYU82X8 - - - - - y;
0x2009

S e T T

I T . '

S T | U

V4L2_MBUS_FMT_Y10-1X10- - - - yo ys y7
0x200a

V4L2_MBUS_FMT_YUYVH)_2X10 - - yo ys y7
0x200b

- - - - - - - - - - U u w

160

6 543210

Vo6

Yo

Ue

Yo

Yo

Uo

Yo

Vo

Yo

Vo

Yo

Ue

Yo

Yo

Uo

Vs

ys

us

ys

ys

us

ys

Vs

ys

Vs

ys

us

ys

ys

us

V4

Y4

u4

Y4

y4

u4

y4

V4

y4

V4

y4

u4

Y4

y4

u4

V3

y3

us3

y3

y3

us3

y3

V3

ys3

V3

y3

us3

ys3

y3

us3

V2

y2

uz

y2

y2

uz2

y2

V2

y2

V2

y2

uz2

y2

y2

uz2

Vi

yi

u1

yi

u1

V1

yi

V1

yi

u1

yi

ul

Vo

Yo

uo

Yo

Yo

uo

Yo

Vo

Yo

Vo

Yo

uo

Yo

Yo

uo
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Identifier Data organization
Code
Bit 9 87 65 43210

19181716 1514 13 12 11 10

V4L2 MBUS FMT YVYUR) 2X10
0x200c

yo ys y7 yo y5 y4 y3 yz2 yi Yo

V4L2_MBUS_FMT_Y¥Y12-1X12-
0x2013 yi1 yio

yo ys y7 Yo y5 y4 y3 y2 yi Yo

V4L2_MBUS_FMT_UYVUYRs1Xl6us u3s u2 ur uo y7 y6 ys y4 y3 y2 yi Yo
0x200f

- - - - VI V6 V5 V4 V3 V2 VI VO Y7 Y6 Y5 y4 Y3 y2 Y1 Yo

V4L2_MBUS_FMT_VYWXY&cIXsl6va v3 v2 vi Vo y7 Y6 Y5 y4 y3 y2 Yi Yo
0x2010

- - - - U7 Us Us Us U3 U2 UI U0 y7 Y6 Y5 Y4 Y3 Y2 yI Yo

V4L2_MBUS_FMT_YUYNV8s1Xsl6ys y3 y2 yi yo U7 Us Us U4 U3 U2 ui Uo
0x2011

- - - - Y7 Y6 Y5 Y4 Y3 Y2 Y1 Yo VI V6 V5 V4 V3 V2 VI Vo

V4L2_MBUS_FMT_YVYUgs1Xs16ys y3 y2 y1 Yo VI V6 Vs V4 V3 V2 Vi Vo
0x2012
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Identifier
Code

Bit

191817 16 1514 13 12 11

- - - - Y7 Y6 Y5 y4

V4L2_MBWS JEMF_ YUYV 10_ X220
0x200d

yo ys y7 Yo ys y4 y3 y2

V4L2_MBWS JEMF YV YU 10_ X2
0x200e

yo ys y7 Yo ys y4 y3 y2

4.13.4.1.4. JPEG Compressed Formats

y3

yi

yi

yi

yi

10

y2

Yo

Yo

Yo

Yo

yi

u9

\%Y

\%&

u9

8

Yo

usg

A%

%

usg

Data organization

7

u7

u7

\'%i

\'4i

u7

6 543210

U6

Uo

Vo

Vo

Ue

us

us

Vs

Vs

us

u4

u4

V4

V4

u4

us3

us3

V3

V3

us3

u2

uz2

V2

V2

uz2

u1

u1

V1

Vi

u1

Those data formats consist of an ordered sequence of 8-bit bytes obtained from
JPEG compression process. Additionally to the _JPEG prefix the format code is

made of the following information.

+ The number of bus samples per entropy encoded byte.

» The bus width.

uo

uo

Vo

Vo

uo

For instance, for a JPEG baseline process and an 8-bit bus width the format will be

named V4L2_MBUS_FMT_JPEG_1X8.

The following table lists existing JPEG compressed formats.

Table 4-23. JPEG Formats

Identifier Code

Remarks

162



Chapter 4. Interfaces

Identifier Code Remarks

V4L2_MBUS_FMT_JPEG_ 04801 Besides of its usage for

Notes

the parallel bus this format
is recommended for
transmission of JPEG data
over MIPI CSI bus using
the User Defined 8-bit
Data types.

A common application of two file descriptors is the XFree86 Xv/V4L interface
driver and a V4L2 application. While the X server controls video overlay, the
application can take advantage of memory mapping and DMA.

In the opinion of the designers of this API, no driver writer taking the efforts to support
simultaneous capturing and overlay will restrict this ability by requiring a single file
descriptor, as in V4L and earlier versions of V4L2. Making this optional means
applications depending on two file descriptors need backup routines to be compatible
with all drivers, which is considerable more work than using two fds in applications
which do not. Also two fd’s fit the general concept of one file descriptor for each logical
stream. Hence as a complexity trade-off drivers must support two file descriptors and
may support single fd operation.

The X Window system defines "regions" which are vectors of struct BoxRec {
short x1, y1, x2, y2; } with width = x2 - x1 and height = y2 - y1, so one cannot
pass X11 clip lists directly.

ASK: Amplitude-Shift Keying. A high signal level represents a 1’ bit, a low
level a ’0’ bit.

163



Chapter 4. Interfaces

164



Chapter 5. V4L2 Driver Programming

to do
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6.1. Introduction

libv4l is a collection of libraries which adds a thin abstraction layer on top of
video4linux2 devices. The purpose of this (thin) layer is to make it easy for
application writers to support a wide variety of devices without having to write
separate code for different devices in the same class.

An example of using libv4l is provided by v4l2grab.

libv4] consists of 3 different libraries:

6.1.1. libv4lconvert

libv4lconvert is a library that converts several different pixelformats found in V4L.2
drivers into a few common RGB and YUY formats.

It currently accepts the following V4L2 driver formats: v4L2_PIX_FMT_BGR24,
V4L2_PIX_FMT_HM12,V4L2_PIX_FMT_JPEG, V4L2_PIX_FMT_MJPEG,
V4L2_PIX_FMT_MRO7310A,V4AL2_PIX_FMT_OV511, V4L2_PIX FMT_OV518,
VA4L2_PIX_FMT_PAC207,V4L2_PIX_FMT_PJPG, V4L2_PIX_FMT_RGB24,
VA4L2_PIX_FMT_SBGGRS, V4L2_PIX_FMT_SGBRGS8, V4L2_PIX_FMT_SGRBGS,
VA4L2_PIX_FMT_SNO9C10X,V4L2_PIX_FMT_SN9C20X_1420,
V4L2_PIX_FMT_SPCA501, V4L2_PIX FMT_SPCA505,
V4L2_PIX_FMT_SPCA508, V4L2_PIX_FMT_SPCA561,V4L2_PIX_FMT_SQ905C,
VA4L2_PIX_FMT_SRGGBS8, V4L2_PIX_FMT_UYVY, V4L2_PIX_FMT_YUV420,
V4L2_PIX_FMT_YUYV, V4L2_PIX_ FMT_YVU420,and V4L2_PIX_ FMT_YVYU.

Later on libv4lconvert was expanded to also be able to do various video processing
functions to improve webcam video quality. The video processing is split in to 2
parts: libv4lconvert/control and libv4lconvert/processing.

The control part is used to offer video controls which can be used to control the
video processing functions made available by libv4lconvert/processing. These
controls are stored application wide (until reboot) by using a persistent shared
memory object.

libv4lconvert/processing offers the actual video processing functionality.
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6.1.2. libv4l1

This library offers functions that can be used to quickly make v4l1 applications
work with v412 devices. These functions work exactly like the normal
open/close/etc, except that libv4l1 does full emulation of the v411 api on top of v412
drivers, in case of v411 drivers it will just pass calls through.

Since those functions are emulations of the old V4L 1 API, it shouldn’t be used for
new applications.

6.1.3. libv4i2

This library should be used for all modern V4L2 applications.

It provides handles to call V4L2 open/ioctl/close/poll methods. Instead of just
providing the raw output of the device, it enhances the calls in the sense that it will
use libv4lconvert to provide more video formats and to enhance the image quality.

In most cases, libv412 just passes the calls directly through to the v412 driver,
intercepting the calls to VIDIOC_TRY_FMT, VIDIOC_G_FMT VIDIOC_S_FMT
VIDIOC_ENUM_FRAMESIZES and VIDIOC_ENUM_FRAMEINTERVALS in order to
emulate the formats Vv4L2_ PIX FMT BGR24, V4L2_PIX_FMT RGB24,
V4L2_PIX_FMT_YUV420, and V41L2_PIX_FMT_YVU420, if they aren’t available in
the driver. VIDIOC_ENUM_FMT keeps enumerating the hardware supported formats,
plus the emulated formats offered by libv4] at the end.

6.1.3.1. Libv4l device control functions
The common file operation methods are provided by libv4l.

Those functions operate just like glibc open/close/dup/ioctl/read/mmap/munmap:

int v412_open(const char *file, int oflag, ...) - operates like the standard open()
function.

« int v412_close(int fd) - operates like the standard close() function.

« int v412_dup(int fd) - operates like the standard dup() function, duplicating a file
handler.

« int v412_ioctl (int fd, unsigned long int request, ...) - operates like the standard
ioctl() function.

« int v412_read (int fd, void* buffer, size_t n) - operates like the standard read()
function.

« void v412_mmap(void *start, size_t length, int prot, int flags, int fd, int64_t
offset); - operates like the standard mmap() function.
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+ int v412_munmap(void *_start, size_t length); - operates like the standard
munmap() function.

Those functions provide additional control:

+ int v412_fd_open(int fd, int v412_flags) - opens an already opened fd for further
use through v4121ib and possibly modify libv412’s default behavior through the
v412_flags argument. Currently, v412_flags can be
V4L2_DISABLE_CONVERSION, to disable format conversion.

+ int v412_set_control(int fd, int cid, int value) - This function takes a value of O -
65535, and then scales that range to the actual range of the given v4l control id,
and then if the cid exists and is not locked sets the cid to the scaled value.

« int v412_get_control(int fd, int cid) - This function returns a value of 0 - 65535,
scaled to from the actual range of the given v4l control id. when the cid does not
exist, could not be accessed for some reason, or some error occurred 0 is returned.

6.1.4. v4licompat.so wrapper library

This library intercepts calls to open/close/ioctl/mmap/mmunmap operations and
redirects them to the libv4l counterparts, by using
LD_PRELOAD=/usr/lib/v4l1compat.so. It also emulates V4L1 calls via V4L2 API.

It allows usage of binary legacy applications that still don’t use libv4l.
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Chapter 7. Changes

The following chapters document the evolution of the V4L.2 API, errata or
extensions. They are also intended to help application and driver writers to port or
update their code.

7.1. Differences between V4L and V4L2

The Video For Linux API was first introduced in Linux 2.1 to unify and replace
various TV and radio device related interfaces, developed independently by driver
writers in prior years. Starting with Linux 2.5 the much improved V4L2 API
replaces the V4L API, although existing drivers will continue to support V4L
applications in the future, either directly or through the V4L2 compatibility layer in
the videodev kernel module translating ioctls on the fly. For a transition period not
all drivers will support the V4L2 API.

7.1.1. Opening and Closing Devices

For compatibility reasons the character device file names recommended for V4L.2
video capture, overlay, radio and raw vbi capture devices did not change from those
used by V4L. They are listed in Chapter 4 and below in Table 7-1.

The teletext devices (minor range 192-223) have been removed in V4L2 and no
longer exist. There is no hardware available anymore for handling pure teletext.
Instead raw or sliced VBI is used.

The V4L videodev module automatically assigns minor numbers to drivers in load
order, depending on the registered device type. We recommend that V4L2 drivers
by default register devices with the same numbers, but the system administrator can
assign arbitrary minor numbers using driver module options. The major device
number remains 81.

Table 7-1. V4L Device Types, Names and Numbers

Device Type File Name Minor Numbers
Video capture and overlay | /dev/video and 0-63
/dev/bttv0a,
/dev/videoO to
/dev/video63
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Device Type File Name Minor Numbers

Radio receiver /dev/radiob, 64-127
/dev/radio0 to
/dev/radio63

Raw VBI capture /dev/vbi, /dev/vbi0 to|224-255
/dev/vbi3l

Notes:

a. According to Documentation/devices.txt these should be symbolic links to
/dev/video0. Note the original bttv interface is not compatible with V4L or
V4L2.

b. According to Documentation/devices.txt a symbolic link to
/dev/radio.

V4L prohibits (or used to prohibit) multiple opens of a device file. VAL2 drivers
may support multiple opens, see Section 1.1 for details and consequences.

V4L drivers respond to V4L2 ioctls with an EINVAL error code. The compatibility
layer in the V4L2 videodev module can translate V4L ioctl requests to their V4L.2
counterpart, however a V4L2 driver usually needs more preparation to become fully
V4L compatible. This is covered in more detail in Chapter 5.

7.1.2. Querying Capabilities

The V4L vIDIOCGCAP ioctl is equivalent to V4L2’s VIDIOC_QUERYCAP.

The name field in struct video_capability became card in struct v412_capability,
type was replaced by capabilities. Note V4L2 does not distinguish between
device types like this, better think of basic video input, video output and radio
devices supporting a set of related functions like video capturing, video overlay and
VBI capturing. See Section 1.1 for an introduction.

struct struct v4l2_capability |Purpose

video_capability type |capabilities flags

VID_TYPE_CAPTURE v4L2_cap_vIDEO_ CAPTUREhe video capture
interface is supported.

VID_TYPE_TUNER V41L2_CAP_TUNER The device has a tuner or
modulator.

VID_TYPE_TELETEXT v4ar2_cap_vBI_CAPTURE|The raw VBI capture
interface is supported.

VID_TYPE_OVERLAY V4L2_CAP_VIDEO_OVERLAThe video overlay
interface is supported.
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struct
video_capability type

struct v4l12_capability
capabilities flags

Purpose

VID_TYPE_CHROMAKEY

V4L2_FBUF_CAP_CHROMAKWhether chromakey

in field capability of
struct v412_framebuffer

overlay is supported. For
more information on
overlay see Section 4.2.

VID_TYPE_CLIPPING

VAL2_FBUF_CAP_LIST C
and

LWatethier clipping the
overlaid image is

V412_FBUF_CAP_BITMAP] siippertedGsee Section 4.2.

in field capability of
struct v412_framebuffer

VID_TYPE_FRAMERAM

V4L2_FBUF_CAP_EXTERN
not set in field
capability of

struct v412_framebuffer

DWHRLher overlay
overwrites frame buffer
memory, see Section 4.2.

VID_TYPE_SCALES

This flag indicates if the
hardware can scale
images. The V4L2 API
implies the scale factor by
setting the cropping
dimensions and image size
with the VIDIOC_S_CROP
and VIDIOC_S_FMT ioctl,
respectively. The driver
returns the closest sizes
possible. For more
information on cropping
and scaling see Section
1.12.

VID_TYPE_MONOCHROME

Applications can
enumerate the supported
image formats with the
VIDIOC_ENUM_FMT ioctl
to determine if the device
supports grey scale
capturing only. For more
information on image
formats see Chapter 2.
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struct struct v4l12_capability |Purpose
video_capability type |capabilities flags
VID_TYPE_SUBCAPTURE |- Applications can call the

VIDIOC_G_CROP ioctl to
determine if the device
supports capturing a
subsection of the full
picture ("cropping” in
V4L2). If not, the ioctl
returns the EINVAL error
code. For more
information on cropping
and scaling see Section
1.12.

VID_TYPE_MPEG_DECODER- Applications can
enumerate the supported
image formats with the
VIDIOC_ENUM_FMT ioctl
to determine if the device
supports MPEG streams.

VID_TYPE_MPEG_ENCODER- See above.
VID_TYPE MJPEG_DECODER See above.
VID TYPE MJPEG_ENCODER See above.

The audios field was replaced by capabilities flag v4L2_CAP_AUDIO,
indicating if the device has any audio inputs or outputs. To determine their number
applications can enumerate audio inputs with the vID10C_G_AUDIO ioctl. The
audio ioctls are described in Section 1.5.

The maxwidth, maxheight, minwidth and minheight fields were removed.
Calling the vIDIOC_S_FMT or VIDIOC_TRY_FMT ioctl with the desired dimensions
returns the closest size possible, taking into account the current video standard,
cropping and scaling limitations.

7.1.3. Video Sources

V4L provides the VIDIOCGCHAN and VIDIOCSCHAN ioctl using struct
video_channel to enumerate the video inputs of a VAL device. The equivalent V4L.2
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ioctls are VIDIOC_ENUMINPUT, VIDIOC_G_INPUT and VIDIOC_S_INPUT using
struct v412_input as discussed in Section 1.4.

The channel field counting inputs was renamed to index, the video input types
were renamed as follows:

struct video_channel type struct v4l12_input type
VIDEO_TYPE_TV V4L2_ INPUT_TYPE_TUNER
VIDEO_TYPE_CAMERA V4L2_INPUT_TYPE_CAMERA

Unlike the tuners field expressing the number of tuners of this input, V4L.2
assumes each video input is connected to at most one tuner. However a tuner can
have more than one input, i. e. RF connectors, and a device can have multiple
tuners. The index number of the tuner associated with the input, if any, is stored in
field tuner of struct v412_input. Enumeration of tuners is discussed in Section 1.6.

The redundant VvIDEO_VC_TUNER flag was dropped. Video inputs associated with a
tuner are of type V4L2_INPUT_TYPE_TUNER. The VIDEO_vC_AUDIO flag was
replaced by the audioset field. V4L2 considers devices with up to 32 audio
inputs. Each set bit in the audioset field represents one audio input this video
input combines with. For information about audio inputs and how to switch
between them see Section 1.5.

The norm field describing the supported video standards was replaced by std. The
V4L specification mentions a flag VIDEO_VC_NORM indicating whether the standard
can be changed. This flag was a later addition together with the norm field and has
been removed in the meantime. V4L2 has a similar, albeit more comprehensive
approach to video standards, see Section 1.7 for more information.

7.1.4. Tuning

The VAL VIDIOCGTUNER and VIDIOCSTUNER ioctl and struct video_tuner can be
used to enumerate the tuners of a V4L TV or radio device. The equivalent V4L.2
ioctls are VIDIOC_G_TUNER and VIDIOC_S_TUNER using struct v412_tuner. Tuners
are covered in Section 1.6.

The tuner field counting tuners was renamed to index. The fields name,
rangelow and rangehigh remained unchanged.

The VIDEO_TUNER_PAL, VIDEO_TUNER_NTSC and VIDEO_TUNER_SECAM flags
indicating the supported video standards were dropped. This information is now
contained in the associated struct v412_input. No replacement exists for the
VIDEO_TUNER_NORM flag indicating whether the video standard can be switched.
The mode field to select a different video standard was replaced by a whole new set
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of ioctls and structures described in Section 1.7. Due to its ubiquity it should be
mentioned the BTTV driver supports several standards in addition to the regular
VIDEO_MODE_PAL (0), VIDEO_MODE_NTSC, VIDEO_MODE_SECAM and
VIDEO_MODE_AUTO (3). Namely N/PAL Argentina, M/PAL, N/PAL, and NTSC
Japan with numbers 3-6 (sic).

The VIDEO_TUNER_STEREO_ON flag indicating stereo reception became
V4L2_TUNER_SUB_STEREO in field rxsubchans. This field also permits the
detection of monaural and bilingual audio, see the definition of struct v412_tuner for
details. Presently no replacement exists for the VIDEO_TUNER_RDS_ON and
VIDEO_TUNER_MBS_ON flags.

The VIDEO_TUNER_LOW flag was renamed to V4L2_TUNER_CAP_LOW in the
struct v412_tuner capability field.

The VIDIOCGFREQ and VIDIOCSFREQ ioctl to change the tuner frequency where
renamed to VIDIOC_G_FREQUENCY and VIDIOC_S_FREQUENCY. They take a
pointer to a struct v412_frequency instead of an unsigned long integer.

7.1.5. Image Properties

V4L2 has no equivalent of the vVIDIOCGPICT and VIDIOCSPICT ioctl and struct
video_picture. The following fields where replaced by V4L2 controls accessible
with the VIDIOC_QUERYCTRL, VIDIOC_G_CTRL and VIDIOC_S_CTRL ioctls:

struct video_picture V4L2 Control ID
brightness V4L2_CID_BRIGHTNESS
hue V41L2_CID_HUE

colour V4L2_CID_SATURATION
contrast V4L2_CID_CONTRAST
whiteness V4L2_CID_WHITENESS

The V4L picture controls are assumed to range from 0 to 65535 with no particular
reset value. The V4L2 API permits arbitrary limits and defaults which can be
queried with the VIDIOC_QUERYCTRL ioctl. For general information about controls
see Section 1.8.

The depth (average number of bits per pixel) of a video image is implied by the
selected image format. V4L2 does not explicitely provide such information
assuming applications recognizing the format are aware of the image depth and
others need not know. The palette field moved into the struct v412_pix_format:
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struct video_picture palette struct v4l2_pix_format pixfmt
VIDEO_PALETTE_GREY V4L2_PIX_FMT_GREY
VIDEO_PALETTE_HI240 VAL2_PIX_FMT_HI240a
VIDEO_PALETTE_RGB565 V4L2_PIX_FMT_RGB565
VIDEO_PALETTE_RGB555 V4L2_PIX_FMT_RGB555
VIDEO_PALETTE_RGB24 V4L2_PIX_FMT_BGR24
VIDEO_PALETTE_RGB32 VA4L2_PIX_FMT_BGR32b
VIDEO_PALETTE_YUV422 VA4L2_PIX_FMT_YUYV
VIDEO_PALETTE_YUYVc V4L2_PIX_FMT_YUYV
VIDEO_PALETTE_UYVY V4L2_PIX_FMT_UYVY
VIDEO_PALETTE_YUV420 None
VIDEO_PALETTE_YUV41l1l V4L2_ PIX_FMT_Y41Pd
VIDEO_PALETTE_RAW Nonee
VIDEO_PALETTE_YUV422P V4L2_PIX_FMT_YUV422P
VIDEO_PALETTE_YUV411P VA4L2_PIX_FMT_YUV41l1Pt
VIDEO_PALETTE_YUV420P VAL2_PIX_FMT_YVU420
VIDEO_PALETTE_YUV410P V4L2_PIX_FMT_YVU410
Notes:

a. This is a custom format used by the BTTV driver, not one of the V4L.2
standard formats.

b. Presumably all VAL RGB formats are little-endian, although some drivers
might interpret them according to machine endianess. V4L2 defines little-endian,
big-endian and red/blue swapped variants. For details see Section 2.6.

C. VIDEO_PALETTE_YUV422 and VIDEO_PALETTE_YUYV are the same formats.
Some V4L drivers respond to one, some to the other.

d. Not to be confused with v41.2_PIx_FMT_YUV411P, which is a planar format.
e. V4L explains this as: "RAW capture (BT848)"

f. Not to be confused with v41.2_pPIx_FMT_v41P, which is a packed format.

V4L2 image formats are defined in Chapter 2. The image format can be selected
with the vIDIOC_S_FMT ioctl.

7.1.6. Audio

The VIDIOCGAUDIO and VIDIOCSAUDIO ioctl and struct video_audio are used to
enumerate the audio inputs of a V4L device. The equivalent V4L2 ioctls are
VIDIOC_G_AUDIO and VIDIOC_S_AUDIO using struct v412_audio as discussed in
Section 1.5.

The audio "channel number" field counting audio inputs was renamed to index.
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On VIDIOCSAUDIO the mode field selects one of the VIDEO_SOUND_MONO,
VIDEO_SOUND_STEREO, VIDEO_SOUND_LANG1 or VIDEO_SOUND_LANG2 audio
demodulation modes. When the current audio standard is BTSC
VIDEO_SOUND_LANG?2 refers to SAP and VIDEO_SOUND_LANG1 is meaningless.
Also undocumented in the V4L specification, there is no way to query the selected
mode. On VIDIOCGAUDIO the driver returns the actually received audio
programmes in this field. In the V4L2 API this information is stored in the

struct v412_tuner rxsubchans and audmode fields, respectively. See Section 1.6
for more information on tuners. Related to audio modes struct v412_audio also
reports if this is a mono or stereo input, regardless if the source is a tuner.

The following fields where replaced by V4L2 controls accessible with the
VIDIOC_QUERYCTRL, VIDIOC G _CTRL and VIDIOC_ S CTRL ioctls:

struct video_audio V4L2 Control ID

volume V4L2_CID_AUDIO_VOLUME
bass V4L2_CID_AUDIO_BASS
treble V4L2_CID_AUDIO_TREBLE
balance V4L2_CID_AUDIO_BALANCE

To determine which of these controls are supported by a driver V4L provides the
flags VIDEO_AUDIO_VOLUME, VIDEO_AUDIO_BASS, VIDEO_AUDIO_TREBLE
and VIDEO_AUDIO_BALANCE. In the V4L2 API the vIDIOC_QUERYCTRL ioctl
reports if the respective control is supported. Accordingly the
VIDEO_AUDIO_MUTABLE and VIDEO_AUDIO_MUTE flags where replaced by the
boolean v41L2_CID_AUDIO_MUTE control.

All V412 controls have a step attribute replacing the struct video_audio step
field. The V4L audio controls are assumed to range from 0 to 65535 with no
particular reset value. The V4L2 API permits arbitrary limits and defaults which
can be queried with the VIDIOC_QUERYCTRL ioctl. For general information about
controls see Section 1.8.

7.1.7. Frame Buffer Overlay

The V4L2 ioctls equivalent to VIDIOCGFBUF and VIDIOCSFBUF are
VIDIOC_G_FBUF and VIDIOC_S_FBUF. The base field of struct video_buffer
remained unchanged, except V4L2 defines a flag to indicate non-destructive
overlays instead of a NULL pointer. All other fields moved into the

struct v412_pix_format fmt substructure of struct v412_framebuffer. The depth
field was replaced by pixelformat. See Section 2.6 for a list of RGB formats and
their respective color depths.



Chapter 7. Changes

Instead of the special ioctls VIDIOCGWIN and VIDIOCSWIN V4L2 uses the
general-purpose data format negotiation ioctls viDI0oC_G_FMT and
vIDIOoC_s_FMT. They take a pointer to a struct v4l12_format as argument. Here the
win member of the £fmt union is used, a struct v412_window.

The x, y, width and height fields of struct video_window moved into

struct v412_rect substructure w of struct v412_window. The chromakey, clips,
and clipcount fields remained unchanged. Struct video_clip was renamed to
struct v412_clip, also containing a struct v412_rect, but the semantics are still the
same.

The VIDEO_WINDOW_INTERLACE flag was dropped. Instead applications must set
the fieldfield to V4L2_FIELD_ANY or V4L2_FIELD_INTERLACED. The
VIDEO_WINDOW_CHROMAKEY flag moved into struct v412_framebuffer, under the
new name V4L2_FBUF_FLAG_CHROMAKEY.

In V4L, storing a bitmap pointer in c1ips and setting c1ipcount to
VIDEO_CLIP_BITMAP (-1) requests bitmap clipping, using a fixed size bitmap of
1024 x 625 bits. Struct v412_window has a separate bitmap pointer field for this
purpose and the bitmap size is determined by w.width and w. height.

The VIDIOCCAPTURE ioctl to enable or disable overlay was renamed to
VIDIOC_OVERLAY.

7.1.8. Cropping

To capture only a subsection of the full picture V4L defines the VIDIOCGCAPTURE
and VIDIOCSCAPTURE ioctls using struct video_capture. The equivalent V4L2
ioctls are VIDIOC_G_CROP and VIDIOC_S_CROP using struct v412_crop, and the
related vIDIOC_CROPCAP ioctl. This is a rather complex matter, see Section 1.12
for details.

The x, v, width and height fields moved into struct v412_rect substructure c of
struct v412_crop. The decimation field was dropped. In the V4L2 API the scaling
factor is implied by the size of the cropping rectangle and the size of the captured or
overlaid image.

The VIDEO_CAPTURE_ODD and VIDEO_CAPTURE_EVEN flags to capture only the
odd or even field, respectively, were replaced by v41.2_FIELD_TOP and
V4L2_FIELD_BOTTOM in the field named field of struct v4l12_pix_format and
struct v412_window. These structures are used to select a capture or overlay format
with the vIDIOC_S_FMT ioctl.
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7.1.9. Reading Images, Memory Mapping

7.1.9.1. Capturing using the read method

There is no essential difference between reading images from a V4L or V4L.2
device using the read () function, however V4L2 drivers are not required to
support this I/O method. Applications can determine if the function is available with
the vIDIOC_QUERYCAP ioctl. All V4L2 devices exchanging data with applications
must support the select () and pol1 () functions.

To select an image format and size, V4L provides the VIDIOCSPICT and
VIDIOCSWIN ioctls. V4L2 uses the general-purpose data format negotiation ioctls
VIDIOC_G_FMT and VvIDIOC_S_FMT. They take a pointer to a struct v412_format as
argument, here the struct v412_pix_format named pix of its fmt union is used.

For more information about the V4L2 read interface see Section 3.1.

7.1.9.2. Capturing using memory mapping

Applications can read from V4L devices by mapping buffers in device memory, or
more often just buffers allocated in DM A-able system memory, into their address
space. This avoids the data copying overhead of the read method. V4L2 supports
memory mapping as well, with a few differences.

V4L V4L2

The image format must be selected
before buffers are allocated, with the
VIDIOC_S_FMT ioctl. When no format
is selected the driver may use the last,
possibly by another application
requested format.

Applications cannot change the number |The viDI0C_REQBUF'S ioctl allocates
of buffers. The it is built into the driver, |the desired number of buffers, this is a
unless it has a module option to change |required step in the initialization

the number when the driver module is | sequence.

loaded.




Chapter 7. Changes

V4L

V4L2

Drivers map all buffers as one
contiguous range of memory. The
VIDIOCGMBUF ioctl is available to query
the number of buffers, the offset of each
buffer from the start of the virtual file,
and the overall amount of memory used,
which can be used as arguments for the
mmap () function.

Buffers are individually mapped. The
offset and size of each buffer can be
determined with the
VIDIOC_QUERYBUF ioctl.

The VIDIOCMCAPTURE ioctl prepares a
buffer for capturing. It also determines
the image format for this buffer. The
ioctl returns immediately, eventually
with an EAGAIN error code if no video
signal had been detected. When the
driver supports more than one buffer
applications can call the ioctl multiple
times and thus have multiple
outstanding capture requests.

The VIDIOCSYNC ioctl suspends
execution until a particular buffer has
been filled.

Drivers maintain an incoming and
outgoing queue. VIDIOC_QBUF
enqueues any empty buffer into the
incoming queue. Filled buffers are
dequeued from the outgoing queue with
the vIDIOC_DQBUF ioctl. To wait until
filled buffers become available this
function, select () or poll () can be
used. The VIDIOC_STREAMON ioctl
must be called once after enqueuing one
or more buffers to start capturing. Its
counterpart VIDIOC_STREAMOFF Stops
capturing and dequeues all buffers from
both queues. Applications can query the
signal status, if known, with the
VIDIOC_ENUMINPUT ioctl.

For a more in-depth discussion of memory mapping and examples, see Section 3.2.

7.1.10. Reading Raw VBI

Data

Originally the V4L API did not specify a raw VBI capture interface, only the device
file /dev/vbi was reserved for this purpose. The only driver supporting this
interface was the BTTV driver, de-facto defining the V4L VBI interface. Reading
from the device yields a raw VBI image with the following parameters:

struct v412_vbi_format

V4L, BTTV driver

sampling_rate

28636363 Hz NTSC (or any other
525-line standard); 35468950 Hz PAL
and SECAM (625-line standards)

offset

?
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struct v412 vbi format V4L, BTTV driver
samples_per_line 2048
sample_format V4L2_PIX_FMT_GREY. The last four

bytes (a machine endianess integer)
contain a frame counter.

start[ ] 10, 273 NTSC; 22, 335 PAL and
SECAM

count[] 16, 16

flags 0

Notes:

a. Old driver versions used different values, eventually the custom
BTTV_VBISIZE ioctl was added to query the correct values.

Undocumented in the V4L specification, in Linux 2.3 the VIDIOCGVBIFMT and
VIDIOCSVBIFMT ioctls using struct vbi_format were added to determine the VBI
image parameters. These ioctls are only partially compatible with the V4L2 VBI
interface specified in Section 4.7.

An offset field does not exist, sample_format is supposed to be
VIDEO_PALETTE_RAW, equivalent to V4L2_PIX_FMT_GREY. The remaining fields
are probably equivalent to struct v412_vbi_format.

Apparently only the Zoran (ZR 36120) driver implements these ioctls. The
semantics differ from those specified for V4L2 in two ways. The parameters are
reset on open () and VIDIOCSVBIFMT always returns an EINVAL error code if the
parameters are invalid.

7.1.11. Miscellaneous

V4L2 has no equivalent of the vVIDIOCGUNIT ioctl. Applications can find the VBI
device associated with a video capture device (or vice versa) by reopening the
device and requesting VBI data. For details see Section 1.1.

No replacement exists for VIDIOCKEY, and the V4L functions for microcode
programming. A new interface for MPEG compression and playback devices is
documented in Section 1.9.

7.2. Changes of the V4L2 API

Soon after the V4L API was added to the kernel it was criticised as too inflexible. In
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August 1998 Bill Dirks proposed a number of improvements and began to work on
documentation, example drivers and applications. With the help of other volunteers
this eventually became the V4L2 API, not just an extension but a replacement for
the V4L API. However it took another four years and two stable kernel releases until
the new API was finally accepted for inclusion into the kernel in its present form.

7.2.1. Early Versions
1998-08-20: First version.

1998-08-27: The select () function was introduced.
1998-09-10: New video standard interface.

1998-09-18: The vipIoCc_NONCAP ioctl was replaced by the otherwise meaningless
O_TRUNC open () flag, and the aliases 0_NONCAP and O_NOIO were defined.
Applications can set this flag if they intend to access controls only, as opposed to
capture applications which need exclusive access. The VIDEO_STD_xXxX identifiers
are now ordinals instead of flags, and the video_std_construct () helper
function takes id and transmission arguments.

1998-09-28: Revamped video standard. Made video controls individually
enumerable.

1998-10-02: The id field was removed from struct video_standard and the color
subcarrier fields were renamed. The VIDIOC_QUERYSTD ioctl was renamed to
VIDIOC_ENUMSTD, VIDIOC_G_INPUT to VIDIOC_ENUMINPUT. A first draft of the
Codec API was released.

1998-11-08: Many minor changes. Most symbols have been renamed. Some
material changes to struct v412_capability.

1998-11-12: The read/write directon of some ioctls was misdefined.

1998-11-14: v412_PIX_FMT_RGB24 changed to V4L2_PIX_FMT_BGR24, and
V4L2_PIX_FMT_RGB32 changed to v4L2_PIX_FMT_BGR32. Audio controls are
now accessible with the VIDIOC_G_CTRL and VIDIOC_S_CTRL ioctls under names
starting with v41.2_cID_AUDIO. The v41L.2_MAJOR define was removed from
videodev.h since it was only used once in the videodev kernel module. The
YUV422 and YUV411 planar image formats were added.

1998-11-28: A few ioctl symbols changed. Interfaces for codecs and video output
devices were added.

1999-01-14: A raw VBI capture interface was added.

1999-01-19: The VIDIOC_NEXTBUF ioctl was removed.
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7.2.2. V4AL2 Version 0.16 1999-01-31

1999-01-27: There is now one QBUF ioctl, VIDIOC_QWBUF and
VIDIOC_QRBUF are gone. VIDIOC_QBUF takes a v412_buffer as a parameter.
Added digital zoom (cropping) controls.

7.2.3. VAL2 Version 0.18 1999-03-16

Added a v4l to V4L2 ioctl compatibility layer to videodev.c. Driver writers, this
changes how you implement your ioctl handler. See the Driver Writer’s Guide.
Added some more control id codes.

7.2.4. VAL2 Version 0.19 1999-06-05

1999-03-18: Fill in the category and catname fields of v412_queryctrl objects before
passing them to the driver. Required a minor change to the VIDIOC_QUERYCTRL
handlers in the sample drivers.

1999-03-31: Better compatibility for v4l memory capture ioctls. Requires changes
to drivers to fully support new compatibility features, see Driver Writer’s Guide and
v412cap.c. Added new control IDs: V4L2_CID_HFLIP, _VFLIP. Changed
V4L2_PIX_FMT_YUV422P to _YUV422P, and _"YUV411P to _YUV411P.

1999-04-04: Added a few more control IDs.
1999-04-07: Added the button control type.

1999-05-02: Fixed a typo in videodev.h, and added the
V4L2_CTRL_FLAG_GRAYED (later V4L2_CTRL_FLAG_GRABBED) flag.

1999-05-20: Definition of VIDIOC_G_CTRL was wrong causing a malfunction of
this ioctl.

1999-06-05: Changed the value of V4L2_CID_WHITENESS.

7.2.5. V4L2 Version 0.20 (1999-09-10)

Version 0.20 introduced a number of changes which were not backward compatible
with 0.19 and earlier versions. Purpose of these changes was to simplify the API,
while making it more extensible and following common Linux driver API
conventions.

1. Some typos in V4L2_FMT_FLAG symbols were fixed. struct v412_clip was
changed for compatibility with v41. (1999-08-30)
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2. V4L2_TUNER_SUB_LANG1 was added. (1999-09-05)

3. All ioctl() commands that used an integer argument now take a pointer to an
integer. Where it makes sense, ioctls will return the actual new value in the
integer pointed to by the argument, a common convention in the V4L2 APL.
The affected ioctls are: VIDIOC_PREVIEW, VIDIOC_STREAMON,
VIDIOC_STREAMOFF, VIDIOC_S_FREQ, VIDIOC_S_INPUT,
VIDIOC_S_OUTPUT, VIDIOC_S_EFFECT. For example

err = ioctl (fd, VIDIOC_XXX, V4L2_XXX);
becomes

int a = V4L2_XXX; err = ioctl (fd, VIDIOC_XXX, &a);

4. All the different get- and set-format commands were swept into one
VIDIOC_G_FMT and VIDIOC_S_FMT ioctl taking a union and a type field
selecting the union member as parameter. Purpose is to simplify the API by
eliminating several ioctls and to allow new and driver private data streams
without adding new ioctls.

This change obsoletes the following ioctls: VIDIOC_S_INFMT,
VIDIOC_G_INFMT, VIDIOC_S_OUTFMT, VIDIOC_G_OUTFMT,
VIDIOC_S_VBIFMT and VIDIOC_G_VBIFMT. The image format structure
v412_format was renamed to struct v412_pix_format, while struct v412_format
is now the envelopping structure for all format negotiations.

5. Similar to the changes above, the vIDIOC_G_PARM and VIDIOC_S_PARM ioctls
were merged with VIDIOC_G_OUTPARM and VIDIOC_S_OUTPARM. A type
field in the new struct v412_streamparm selects the respective union member.

This change obsoletes the VIDIOC_G_OUTPARM and VIDIOC_S_OUTPARM
ioctls.

6. Control enumeration was simplified, and two new control flags were introduced
and one dropped. The catname field was replaced by a group field.

Drivers can now flag unsupported and temporarily unavailable controls with
V4L2_CTRL_FLAG_DISABLED and V4L2_CTRL_FLAG_GRABBED respectively.
The group name indicates a possibly narrower classification than the
category. In other words, there may be multiple groups within a category.
Controls within a group would typically be drawn within a group box. Controls
in different categories might have a greater separation, or may even appear in
separate windows.

7. The struct v412_buffer ¢ imestamp was changed to a 64 bit integer, containing
the sampling or output time of the frame in nanoseconds. Additionally
timestamps will be in absolute system time, not starting from zero at the
beginning of a stream. The data type name for timestamps is stamp_t, defined
as a signed 64-bit integer. Output devices should not send a buffer out until the
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time in the timestamp field has arrived. I would like to follow SGI’s lead, and
adopt a multimedia timestamping system like their UST (Unadjusted System
Time). See http://web.archive.org/web/*/http://reality.sgi.com
/cpirazzi_engr/lg/time/intro.html. UST uses timestamps that are 64-bit signed
integers (not struct timeval’s) and given in nanosecond units. The UST clock
starts at zero when the system is booted and runs continuously and uniformly. It
takes a little over 292 years for UST to overflow. There is no way to set the
UST clock. The regular Linux time-of-day clock can be changed periodically,
which would cause errors if it were being used for timestamping a multimedia
stream. A real UST style clock will require some support in the kernel that is
not there yet. But in anticipation, I will change the timestamp field to a 64-bit
integer, and I will change the v412_masterclock_gettime() function (used only
by drivers) to return a 64-bit integer.

8. A sequence field was added to struct v412_buffer. The sequence field counts
captured frames, it is ignored by output devices. When a capture driver drops a
frame, the sequence number of that frame is skipped.

7.2.6. V4L2 Version 0.20 incremental changes

1999-12-23: In struct v412_vbi_format the reservedi field became offset.
Previously drivers were required to clear the reserved1 field.

2000-01-13: The v4L2_FMT_FLAG_NOT_INTERLACED flag was added.

2000-07-31: The 1inux/poll.h header is now included by videodev.h for
compatibility with the original videodev.h file.

2000-11-20: v4L2_TYPE_VBI_ OUTPUT and V4L2_ PIX FMT Y41P were added.
2000-11-25: v4L2_TYPE_VBI_INPUT was added.
2000-12-04: A couple typos in symbol names were fixed.

2001-01-18: To avoid namespace conflicts the fourcc macro defined in the
videodev.h header file was renamed to v412_fourcc.

2001-01-25: A possible driver-level compatibility problem between the
videodev.h file in Linux 2.4.0 and the videodev.h file included in the
videodevX patch was fixed. Users of an earlier version of videodevX on Linux
2.4.0 should recompile their V4L and V4L2 drivers.

2001-01-26: A possible kernel-level incompatibility between the videodev.h file
in the videodevX patch and the videodev.h file in Linux 2.2.x with devfs patches
applied was fixed.

2001-03-02: Certain V4L ioctls which pass data in both direction although they are
defined with read-only parameter, did not work correctly through the backward
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compatibility layer. [Solution?]
2001-04-13: Big endian 16-bit RGB formats were added.

2001-09-17: New YUYV formats and the VIDIOC_G_FREQUENCY and
VIDIOC_S_FREQUENCY ioctls were added. (The old vIDIOC_G_FREQ and
VIDIOC_S_FREQ ioctls did not take multiple tuners into account.)

2000-09-18: v4ar2_BUr_TYPE_VBI was added. This may break compatibility as the
VIDIOC_G_FMT and VIDIOC_S_FMT ioctls may fail now if the struct v412_fmt
type field does not contain Vv4L2_BUF_TYPE_VBI. In the documentation of the
struct v412_vbi_format offset field the ambiguous phrase "rising edge" was
changed to "leading edge".

7.2.7. V4AL2 Version 0.20 2000-11-23

A number of changes were made to the raw VBI interface.

1. Figures clarifying the line numbering scheme were added to the V4L.2 API
specification. The start[0] and start[1] fields no longer count line numbers
beginning at zero. Rationale: a) The previous definition was unclear. b) The
start[] values are ordinal numbers. ¢) There is no point in inventing a new
line numbering scheme. We now use line number as defined by ITU-R, period.
Compatibility: Add one to the start values. Applications depending on the
previous semantics may not function correctly.

2. The restriction "count[0] > 0 and count[1] > 0" has been relaxed to "(count[0] +
count[1]) > 0". Rationale: Drivers may allocate resources at scan line
granularity and some data services are transmitted only on the first field. The
comment that both count values will usually be equal is misleading and
pointless and has been removed. This change breaks compatibility with earlier
versions: Drivers may return EINVAL, applications may not function correctly.

3. Drivers are again permitted to return negative (unknown) start values as
proposed earlier. Why this feature was dropped is unclear. This change may
break compatibility with applications depending on the start values being
positive. The use of EBUSY and EINVAL error codes with the vIDIOC_S_FMT
ioctl was clarified. The EBUSY error code was finally documented, and the
reserved?2 field which was previously mentioned only in the videodev.h
header file.

4. New buffer types Vv4L2_TYPE_VBI_INPUT and V4L2_TYPE_VBI_OUTPUT
were added. The former is an alias for the old v41L2_ TYPE_ VBT, the latter was
missing in the videodev.h file.
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7.2.8. VAL2 Version 0.20 2002-07-25

Added sliced VBI interface proposal.

7.2.9. V4L2 in Linux 2.5.46, 2002-10

Around October-November 2002, prior to an announced feature freeze of Linux 2.5,
the API was revised, drawing from experience with V4L2 0.20. This unnamed
version was finally merged into Linux 2.5.46.

1. As specified in Section 1.1.2, drivers must make related device functions
available under all minor device numbers.

2. The open () function requires access mode O_RDWR regardless of the device
type. All V4L2 drivers exchanging data with applications must support the
0_NONBLOCK flag. The 0_no10 flag, a V4L2 symbol which aliased the
meaningless O_TRUNC to indicate accesses without data exchange (panel
applications) was dropped. Drivers must stay in "panel mode" until the
application attempts to initiate a data exchange, see Section 1.1.

3. The struct v412_capability changed dramatically. Note that also the size of the
structure changed, which is encoded in the ioctl request code, thus older V4L.2
devices will respond with an EINVAL error code to the new
VIDIOC_QUERYCAP ioctl.

There are new fields to identify the driver, a new RDS device function
V4L2_CAP_RDS_CAPTURE, the v4L2_CcAP_AUDIO flag indicates if the device
has any audio connectors, another I/O capability v41L.2_CAP_ASYNCIO can be
flagged. In response to these changes the type field became a bit set and was
merged into the flags field. V4L2_FLAG_TUNER was renamed to
V4L2_CAP_TUNER, V4L2_CAP_VIDEO_OVERLAY replaced
V4L2_FLAG_PREVIEW and V4L2_CAP_VBI_CAPTURE and
V4L2_CAP_VBI_OUTPUT replaced V4L2_FLAG_DATA_SERVICE.
V4L2_FLAG_READ and V4L2_FLAG_WRITE were merged into
V4L2_CAP_READWRITE.

The redundant fields inputs, outputs and audios were removed. These
properties can be determined as described in Section 1.4 and Section 1.5.

The somewhat volatile and therefore barely useful fields maxwidth,
maxheight, minwidth, minheight, maxframerate were removed. This
information is available as described in Section 1.10 and Section 1.7.

V4L2_FLAG_SELECT was removed. We believe the select() function is
important enough to require support of it in all V4L2 drivers exchanging data



Chapter 7. Changes

with applications. The redundant v41.2_FLAG_MONOCHROME flag was removed,
this information is available as described in Section 1.10.

. In struct v412_input the assoc_audio field and the capability field and its
only flag v41.2_INPUT_CAP_AUDIO was replaced by the new audioset field.
Instead of linking one video input to one audio input this field reports all audio
inputs this video input combines with.

New fields are tuner (reversing the former link from tuners to video inputs),
std and status.

Accordingly struct v412_output lost its capability and assoc_audio fields.
audioset, modulator and std where added instead.

. The struct v412_audio field audio was renamed to index, for consistency with
other structures. A new capability flag v41.2_AUDCAP_STEREO was added to
indicated if the audio input in question supports stereo sound.
V4L2_AUDCAP_EFFECTS and the corresponding v41L.2_AUDMODE flags where
removed. This can be easily implemented using controls. (However the same
applies to AVL which is still there.)

Again for consistency the struct v412_audioout field audio was renamed to

index.

. The struct v412_tuner input field was replaced by an index field, permitting
devices with multiple tuners. The link between video inputs and tuners is now
reversed, inputs point to their tuner. The std substructure became a simple set
(more about this below) and moved into struct v412_input. A type field was
added.

Accordingly in struct v412_modulator the output was replaced by an index
field.

In struct v412_frequency the port field was replaced by a tuner field
containing the respective tuner or modulator index number. A tuner type field
was added and the reserved field became larger for future extensions
(satellite tuners in particular).

. The idea of completely transparent video standards was dropped. Experience
showed that applications must be able to work with video standards beyond
presenting the user a menu. Instead of enumerating supported standards with an
ioctl applications can now refer to standards by v412_std_id and symbols
defined in the videodev2.h header file. For details see Section 1.7. The
VIDIOC_G_STD and VIDIOC_S_STD now take a pointer to this type as
argument. VIDIOC_QUERYSTD was added to autodetect the received standard,
if the hardware has this capability. In struct v412_standard an index field was
added for viIDIOC_ENUMSTD. A v412_std_id field named id was added as
machine readable identifier, also replacing the t ransmission field. The
misleading framerate field was renamed to frameperiod. The now obsolete
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colorstandard information, originally needed to distguish between
variations of standards, were removed.

Struct v412_enumstd ceased to be. VIDIOC_ENUMSTD now takes a pointer to a
struct v412_standard directly. The information which standards are supported
by a particular video input or output moved into struct v412_input and

struct v412_output fields named std, respectively.

8. The struct v412_queryctrl fields category and group did not catch on and/or
were not implemented as expected and therefore removed.

9. The vIDIOC_TRY_FMT ioctl was added to negotiate data formats as with
VIDIOC_S_FMT, but without the overhead of programming the hardware and
regardless of I/O in progress.

In struct v412_format the £fmt union was extended to contain

struct v412_window. All image format negotiations are now possible with
VIDIOC_G_FMT, VIDIOC_S_FMT and VIDIOC_TRY_FMT; ioctl. The
VIDIOC_G_WIN and VIDIOC_S_WIN ioctls to prepare for a video overlay were
removed. The type field changed to type enum v412_buf_type and the buffer
type names changed as follows.

Old defines enum v4l2_buf_type
V4L2_BUF_TYPE_CAPTURE V4L2_BUF_TYPE_VIDEO_CAPTURE
V4L2_BUF_TYPE_CODECIN Omitted for now
V4L2_BUF_TYPE_CODECOUT Omitted for now

V4L2_BUF_TYPE EFFECTSIN Omitted for now
V4L2_BUF_TYPE_EFFECTSIN2 Omitted for now
V4L2_BUF_TYPE_EFFECTSOUT Omitted for now
VA4L2_BUF_TYPE_VIDEOOUT V4L2_BUF_TYPE_VIDEO_OUTPUT

- V4L2_BUF_TYPE_VIDEO_OVERLAY
- V4L2_BUF_TYPE_VBI_CAPTURE

- V4L2_BUF_TYPE_VBI_OUTPUT

- V4L2_BUF_TYPE_SLICED_VBI_CAPTURE

- V4L2_BUF_TYPE_SLICED_VBI_OUTPUT

V41L2_BUF_TYPE_PRIVATE_BASE V41L2_BUF_TYPE_PRIVATE

10. In struct v412_fmtdesc a enum v412_buf_type field named ¢ ype was added as
in struct v412_format. The VvIDIOC_ENUM_FBUFFMT ioctl is no longer needed
and was removed. These calls can be replaced by vIDI0OC_ENUM_FMT with
type V4L2_BUF_TYPE_VIDEO_OVERLAY.
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11. In struct v412_pix_format the depth field was removed, assuming applications

12.

13.

which recognize the format by its four-character-code already know the color
depth, and others do not care about it. The same rationale lead to the removal of
the v41L2_FMT_FLAG_COMPRESSED flag. The
V4L2_FMT_FLAG_SWCONVECOMPRESSED flag was removed because drivers

are not supposed to convert images in kernel space. A user library of
conversion functions should be provided instead. The
V4L2_FMT_FLAG_BYTESPERLINE flag was redundant. Applications can set
the bytesperline field to zero to get a reasonable default. Since the
remaining flags were replaced as well, the f1ags field itself was removed.

The interlace flags were replaced by a enum v412_field value in a newly added
field field.

Old flag enum v412_field
VA4L2_FMT_FLAG_NOT_INTERLACED |?

V4L2_FMT_FLAG_INTERLACED = VAL2_FIELD_INTERLACED
V4L2_FMT_FLAG_COMBINED

V4L2_FMT_FLAG_TOPFIELD = V4L2_FIELD_TOP
V4L2_FMT_FLAG_ODDFIELD

VAL2_FMT_FLAG_BOTFIELD = V4L2_FIELD_BOTTOM
V4L2_FMT_ FLAG_EVENFIELD

- V4L2_FIELD_SEQ TB

- V4L2_FIELD_SEQ_BT

- VAL2_FIELD_ALTERNATE

The color space flags were replaced by a enum v412_colorspace value in a
newly added colorspace field, where one of
V4L2_COLORSPACE_SMPTE170M, V4AL2_COLORSPACE_BT878,
V4L2_COLORSPACE_470_SYSTEM_M or
V4L2_COLORSPACE_470_SYSTEM_BG replaces V4L2_FMT_CS_601YUV.

In struct v412_requestbuffers the t ype field was properly defined as

enum v412_buf_type. Buffer types changed as mentioned above. A new
memory field of type enum v412_memory was added to distinguish between
I/0 methods using buffers allocated by the driver or the application. See
Chapter 3 for details.

In struct v412_buffer the t ype field was properly defined as

enum v412_buf_type. Buffer types changed as mentioned above. A field field
of type enum v412_field was added to indicate if a buffer contains a top or
bottom field. The old field flags were removed. Since no unadjusted system
time clock was added to the kernel as planned, the t imestamp field changed
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14.

15.

16.

17.

18.

19.

20.

back from type stamp_t, an unsigned 64 bit integer expressing the sample time
in nanoseconds, to struct timeval. With the addition of a second memory
mapping method the of fset field moved into union m, and a new memory
field of type enum v412_memory was added to distinguish between 1/O
methods. See Chapter 3 for details.

The v41.2_BUF_REQ_CONTIG flag was used by the V4L compatibility layer,
after changes to this code it was no longer needed. The
V4L2_BUF_ATTR_DEVICEMEM flag would indicate if the buffer was indeed
allocated in device memory rather than DM A-able system memory. It was
barely useful and so was removed.

In struct v412_framebuffer the base [ 3] array anticipating double- and
triple-buffering in off-screen video memory, however without defining a
synchronization mechanism, was replaced by a single pointer. The
V4L2_FBUF_CAP_SCALEUP and V4L2_FBUF_CAP_SCALEDOWN flags were
removed. Applications can determine this capability more accurately using the
new cropping and scaling interface. The Vv41L.2_FBUF_CAP_CLIPPING flag was
replaced by v41L.2_FBUF_CAP_LIST_CLIPPING and
V4L2_FBUF_CAP_BITMAP_CLIPPING.

In struct v412_clip the x, y, width and height field moved into a ¢
substructure of type struct v412_rect. The x and y fields were renamed to left
and top, i. e. offsets to a context dependent origin.

In struct v412_window the x, v, width and height field moved into a w
substructure as above. A field field of type %v412-field; was added to
distinguish between field and frame (interlaced) overlay.

The digital zoom interface, including struct v412_zoomcap, struct v412_zoom,
V4L2_Z700M_NONCAP and V41L2_70OM_WHILESTREAMING was replaced by a
new cropping and scaling interface. The previously unused struct v412_cropcap
and v412_crop where redefined for this purpose. See Section 1.12 for details.

In struct v412_vbi_format the savMpPLE FORMAT field now contains a
four-character-code as used to identify video image formats and
V4L2_PIX_FMT_GREY replaces the v41.2_VBI_SF_UBYTE define. The
reserved field was extended.

In struct v412_captureparm the type of the t imeperframe field changed from
unsigned long to struct v412_fract. This allows the accurate expression of
multiples of the NTSC-M frame rate 30000 / 1001. A new field readbuffers
was added to control the driver behaviour in read I/O mode.

Similar changes were made to struct v412_outputparm.

The struct v412_performance and vIDIOC_G_PERF ioctl were dropped. Except
when using the read/write I/O method, which is limited anyway, this
information is already available to applications.
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21. The example transformation from RGB to YCbCr color space in the old V4L.2
documentation was inaccurate, this has been corrected in Chapter 2.

7.2.10. V4L2 2003-06-19

1. A new capability flag v41.2_cap_RADIO was added for radio devices. Prior to
this change radio devices would identify solely by having exactly one tuner
whose type field reads v4L2_TUNER_RADIO.

2. An optional driver access priority mechanism was added, see Section 1.3 for
details.

3. The audio input and output interface was found to be incomplete.

Previously the vIDIOC_G_AUDIO ioctl would enumerate the available audio
inputs. An ioctl to determine the current audio input, if more than one
combines with the current video input, did not exist. So VIDIOC_G_AUDIO was
renamed to VIDIOC_G_AUDIO_OLD, this ioctl was removed on Kernel 2.6.39.
The vIDIOC_ENUMAUDIO ioctl was added to enumerate audio inputs, while
VIDIOC_G_AUDIO now reports the current audio input.

The same changes were made to VIDIOC_G_AUDOUT and
VIDIOC_ENUMAUDOUT.

Until further the "videodev" module will automatically translate between the
old and new ioctls, but drivers and applications must be updated to successfully
compile again.

4. The vIDIOC_OVERLAY ioctl was incorrectly defined with write-read parameter.
It was changed to write-only, while the write-read version was renamed to
VIDIOC_OVERLAY_OLD. The old ioctl was removed on Kernel 2.6.39. Until
further the "videodev" kernel module will automatically translate to the new
version, so drivers must be recompiled, but not applications.

5. Section 4.2 incorrectly stated that clipping rectangles define regions where the
video can be seen. Correct is that clipping rectangles define regions where no
video shall be displayed and so the graphics surface can be seen.

6. The viDIOC_S_PARM and VIDIOC_S_CTRL ioctls were defined with
write-only parameter, inconsistent with other ioctls modifying their argument.
They were changed to write-read, while a _0LD suffix was added to the
write-only versions. The old ioctls were removed on Kernel 2.6.39. Drivers and
applications assuming a constant parameter need an update.
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7.2.11.V4L2 2003-11-05

1. In Section 2.6 the following pixel formats were incorrectly transferred from
Bill Dirks’ V4L2 specification. Descriptions below refer to bytes in memory, in
ascending address order.

Symbol In this document Corrected
prior to revision 0.5
V4L2_PIX_FMT_RGB24 |B,G,R R,G,B
V4L2_PIX_FMT_BGR24 |R,G,B B, G,R
V4L2_PIX_FMT_RGB32 |B,G,R, X R,G,B, X
V4L2_PIX_FMT_BGR32 |R,G,B, X B,G,R, X

The v41L.2_PIX_FMT_BGR24 example was always correct.

In Section 7.1.5 the mapping of the V4L VIDEO_PALETTE_RGB24 and
VIDEO_PALETTE_RGB32 formats to V4L2 pixel formats was accordingly
corrected.

2. Unrelated to the fixes above, drivers may still interpret some V4L2 RGB pixel
formats differently. These issues have yet to be addressed, for details see
Section 2.6.

7.2.12. V4L2 in Linux 2.6.6, 2004-05-09

1. The vIDIOC_CROPCAP ioctl was incorrectly defined with read-only parameter.
It is now defined as write-read ioctl, while the read-only version was renamed
to VIDIOC_CROPCAP_OLD. The old ioctl was removed on Kernel 2.6.39.

7.2.13. V4L2 in Linux 2.6.8

1. A new field input (former reserved[0]) was added to the struct v412_buffer
structure. Purpose of this field is to alternate between video inputs (e. g.
cameras) in step with the video capturing process. This function must be
enabled with the new v41.2_BUF_FLAG_INPUT flag. The flags field is no
longer read-only.
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7.2.14. V4L2 spec erratum 2004-08-01

1.
2.
3.

The return value of the V4L.2 open()(2) function was incorrectly documented.
Audio output ioctls end in -AUDOUT, not -AUDIOOUT.

In the Current Audio Input example the vIDIOC_G_AUDIO ioctl took the
wrong argument.

. The documentation of the vIDI0C_ QBRUF and VIDIOC_ DQBUF ioctls did not

mention the struct v412_buffer memory field. It was also missing from
examples. Also on the vIDI0C_DQBUF page the EIO error code was not
documented.

7.2.15. V4L2 in Linux 2.6.14

1.

A new sliced VBI interface was added. It is documented in Section 4.8 and
replaces the interface first proposed in V4L2 specification 0.8.

7.2.16. V4L2 in Linux 2.6.15

1.
2.

The vIDIOC 1LOG_STATUS ioctl was added.

New video standards v4L.2_STD_NTSC_443, V4L2_STD_SECAM_LC,
V4L2_STD_SECAM DK (a set of SECAM D, K and K1), and v4L2_STD_ATSC
(asetof v4L.2_STD_ATSC_8_VSB and V4L2_STD_ATSC_16_VSB) were
defined. Note the v4L2_STD_525_60 set now includes V4L2_STD_NTSC_443.
See also Table A-3.

.The vibIoC_ G_COMP and VIDIOC_ S COMP ioctl were renamed to

VIDIOC_G_MPEGCOMP and VIDIOC_S_MPEGCOMP respectively. Their
argument was replaced by a struct v412_mpeg_compression pointer. (The
VIDIOC_G_MPEGCOMP and VIDIOC_S_MPEGCOMP ioctls where removed in
Linux 2.6.25.)

7.2.17. V4L2 spec erratum 2005-11-27

The capture example in Appendix C called the vIDIOC_S_CROP ioctl without
checking if cropping is supported. In the video standard selection example in
Section 1.7 the vipT0oC_S_STD call used the wrong argument type.
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7.2.18. V4L2 spec erratum 2006-01-10

1. The v4L2_IN_ST_COLOR_KILL flag in struct v412_input not only indicates if
the color killer is enabled, but also if it is active. (The color killer disables color
decoding when it detects no color in the video signal to improve the image
quality.)

2. VIDIOC_S_PARM is a write-read ioctl, not write-only as stated on its reference
page. The ioctl changed in 2003 as noted above.

7.2.19. V4L2 spec erratum 2006-02-03

1. In struct v412_captureparm and struct v412_outputparm the timeperframe
field gives the time in seconds, not microseconds.

7.2.20. V4L2 spec erratum 2006-02-04

1. The c1ips field in struct v412_window must point to an array of
struct v412_clip, not a linked list, because drivers ignore the struct
v412_clip.next pointer.

7.2.21. V4L2 in Linux 2.6.17

1. New video standard macros were added: v41.2_STD_NTSC_M_KR (NTSC M
South Korea), and the sets v41L.2_STD_MN, V4L2_STD_B, V4L2_STD_GH and
V4L2_STD_DK. The v4L2_STD_NTSC and V4L2_STD_SECAM sets now include
V4L2_STD_NTSC_M KR and V4L2_STD_SECAM_LC respectively.

2. Anew V4L2_TUNER_MODE_LANG1_LANG2 was defined to record both
languages of a bilingual program. The use of V41L.2_TUNER_MODE_STEREO for
this purpose is deprecated now. See the VIDIOC_G_TUNER section for details.

7.2.22. V4L.2 spec erratum 2006-09-23 (Draft 0.15)
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1. In various places V41L2_BUF_TYPE_SLICED_VBI_CAPTURE and
V4L2_BUF_TYPE_SLICED_VBI_OUTPUT of the sliced VBI interface were not
mentioned along with other buffer types.

2. In ioctl VIDIOC_G_AUDIO, VIDIOC_S_AUDIO(2) it was clarified that the
struct v412_audio mode field is a flags field.

3. ioctl VIDIOC_QUERYCAP(2) did not mention the sliced VBI and radio
capability flags.

4. In ioctl VIDIOC_G_FREQUENCY, VIDIOC_S_FREQUENCY(2) it was
clarified that applications must initialize the tuner type field of
struct v412_frequency before calling VIDIOC S _FREQUENCY.

5. The reserved array in struct v4l12_requestbuffers has 2 elements, not 32.

6. In Section 4.3 and Section 4.7 the device file names /dev/vout which never
caught on were replaced by /dev/video.

7. With Linux 2.6.15 the possible range for VBI device minor numbers was
extended from 224-239 to 224-255. Accordingly device file names /dev/vbi0
to /dev/vbi31 are possible now.

7.2.23. V4L2 in Linux 2.6.18

1. New ioctls VIDIOC_G_EXT_CTRLS, VIDIOC_S_EXT_CTRLS and
VIDIOC_TRY_EXT_CTRLS were added, a flag to skip unsupported controls
with VIDIOC_QUERYCTRL, new control types V4L2_CTRL_TYPE_INTEGER64
and V4L2_CTRL_TYPE_CTRL_CLASS (Table A-3), and new control flags
V4L2_CTRL_FLAG_READ_ONLY, V4L2_CTRL_FLAG_UPDATE,
V4L2_CTRL_FLAG_INACTIVE and V4L2_CTRL_FLAG_SLIDER (Table A-4).
See Section 1.9 for details.

7.2.24. V4L2 in Linux 2.6.19

1. In struct v412_sliced_vbi_cap a buffer type field was added replacing a reserved
field. Note on architectures where the size of enum types differs from int types
the size of the structure changed. The VIDIOC_G_SLICED_VBI_CAP ioctl was
redefined from being read-only to write-read. Applications must initialize the
type field and clear the reserved fields now. These changes may break the
compatibility with older drivers and applications.
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2. The ioctls vIDIOC_ ENUM FRAMESIZES and
VIDIOC_ENUM FRAMEINTERVALS were added.

3. A new pixel format v41L.2_PIX_FMT_RGB444 (Table 2-1) was added.

7.2.25. V4L.2 spec erratum 2006-10-12 (Draft 0.17)

1.v4r2_pIx_rFMT_HM12 (Table 2-10) is a YUV 4:2:0, not 4:2:2 format.

7.2.26. V4L2 in Linux 2.6.21

1. The videodev2.h header file is now dual licensed under GNU General Public
License version two or later, and under a 3-clause BSD-style license.

7.2.27. V4L2 in Linux 2.6.22

1. Two new field orders v4L2_FIELD_INTERLACED_TB and
VA4L2_FIELD_ INTERLACED_ BT were added. See Table 3-9 for details.

2. Three new clipping/blending methods with a global or straight or inverted local
alpha value were added to the video overlay interface. See the description of
the VIDIOC_G_FBUF and VIDIOC_S_FBUF ioctls for details.

A new global_alpha field was added to v412_window, extending the
structure. This may break compatibility with applications using a struct
v412_window directly. However the VIDIOC_G/S/TRY_FMT ioctls, which
take a pointer to a v412_format parent structure with padding bytes at the end,
are not affected.

3. The format of the chromakey field in struct v412_window changed from "host
order RGB32" to a pixel value in the same format as the framebuffer. This may
break compatibility with existing applications. Drivers supporting the "host
order RGB32" format are not known.

7.2.28. V4L2 in Linux 2.6.24
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1. The pixel formats V41L.2_PIX_FMT_PALS, V4L2_PIX_FMT_YUV444,
V4L2_PIX_FMT_YUV555, V4L2_PIX_FMT_YUV565 and
V4L2_PIX_FMT_YUV32 were added.

7.2.29. V4L2 in Linux 2.6.25

1. The pixel formats v4L2_PIX FMT_Y16 and V4L2_PIX_FMT_SBGGR16 were
added.

. New controls V4L2_CID_POWER_LINE_FREQUENCY, V4L2_CID_HUE_AUTO,
V4L2_CID_WHITE_BALANCE_TEMPERATURE, V4L2_CID_SHARPNESS and
V41L2_CID_BACKLIGHT_COMPENSATION were added. The controls
V4L2_CID_BLACK_LEVEL, V4L2_CID_WHITENESS, V4L2_CID_HCENTER
and V41L.2_CID_VCENTER were deprecated.

. A Camera controls class was added, with the new controls
V4L2_CID_EXPOSURE_AUTO, V4L2_CID_EXPOSURE_ABSOLUTE,
V4L2_CID_EXPOSURE_AUTO_PRIORITY, V4L2_CID_PAN_RELATIVE,
V4L2_CID_TILT_RELATIVE, V4L2_CID_PAN_RESET,
V4L2_CID_TILT_RESET, V4L2_CID_PAN_ABSOLUTE,
V4L2_CID_TILT_ABSOLUTE, V4L2_CID_FOCUS_ABSOLUTE,
V4L2_CID_FOCUS_RELATIVE and V4L2_CID_FOCUS_AUTO.

. The viIDIOC_G_MPEGCOMP and VIDIOC_S_MPEGCOMP ioctls, which were
superseded by the extended controls interface in Linux 2.6.18, where finally
removed from the videodev2.h header file.

7.2.30. V4L2 in Linux 2.6.26

1. The pixel formats v41.2_PIX_FMT_Y16 and V4L2_PIX_FMT_SBGGR16 were
added.

2. Added user controls V412 CID_ CHROMA_ AGC and

V4L2_CID_COLOR_KILLER.

7.2.31. V4L2 in Linux 2.6.27

1. The vIDIOC_S_HW_FREQ_SEEK ioctl and the V4L2_ CAP HW_FREQ SEEK

capability were added.
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2. The pixel formats V41L.2_PIX_FMT_YVYU, V4L2_PIX_FMT_PCA501,
V4L2_PIX_FMT_PCA505, V4L2_PIX_FMT_PCA508,
V4L2_PIX_FMT_PCA561, V4L2_PIX_FMT_SGBRGS, VAL2_PIX_FMT_PAC207
and V4L2_PIX_FMT_PJPG were added.

7.2.32. V4L2 in Linux 2.6.28

1. Added v4L2_MPEG_AUDIO_ENCODING_AAC and
V41L2_MPEG_AUDIO_ENCODING_AC3 MPEG audio encodings.

2. Added v412_MPEG_VIDEO_ENCODING_MPEG_4_avC MPEG video encoding.

3. The pixel formats V41L.2_PIX_FMT_SGRBG10 and
V4L2_ PIX FMT SGRBG10DPCMS8 were added.

7.2.33. V4L2 in Linux 2.6.29

1. The VIDIOC_G_CHIP_IDENT ioctl was renamed to
VIDIOC_G_CHIP_IDENT_OLD and VIDIOC_DBG_G_CHIP_IDENT was
introduced in its place. The old struct v412_chip_ident was renamed to
v412_chip_ident_old.

2. The pixel formats V4L2_PIX_FMT_ VYUY, V4L2_PIX FMT_NV16 and
V4L2_PIX_FMT_NV61 were added.

3. Added camera controls v4L2_CID_7ZOOM ABSOLUTE,
V4L2_CID_ZOOM_RELATIVE, VAL2_ CID_ZOOM_CONTINUOUS and
V41,2 _CID_PRIVACY.

7.2.34. V4L2 in Linux 2.6.30

1. New control flag v4L2_CTRL_FLAG_WRITE_ONLY was added.

2. New control V412 CID COLORFX was added.

7.2.35. V4L2 in Linux 2.6.32
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1. In order to be easier to compare a V4L.2 API and a kernel version, now V4L2
API is numbered using the Linux Kernel version numeration.

. Finalized the RDS capture API. See Section 4.11 for more information.

. Added new capabilities for modulators and RDS encoders.

. Add description for libv4l API.

. Added support for string controls via new type V4L2_CTRL_TYPE_STRING.
. Added v41L.2_CID_BAND_STOP_FILTER documentation.

. Added FM Modulator (FM TX) Extended Control Class:
V4L2_CTRL_CLASS_FM_TX and their Control IDs.

~N O e AW

8. Added Remote Controller chapter, describing the default Remote Controller
mapping for media devices.

7.2.36. V4L2 in Linux 2.6.33

1. Added support for Digital Video timings in order to support HDTV receivers
and transmitters.

7.2.37. V4L2 in Linux 2.6.34

1. Added v41L2_CID_IRIS ABSOLUTE and V4L2_ CID_IRIS_RELATIVE
controls to the Camera controls class.

7.2.38. V4L2 in Linux 2.6.37

1. Remove the vtx (videotext/teletext) API. This API was no longer used and no
hardware exists to verify the API. Nor were any userspace applications found
that used it. It was originally scheduled for removal in 2.6.35.

7.2.39. V4L2 in Linux 2.6.39

1. The old VIDIOC_*_OLD symbols and V4L1 support were removed.
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2. Multi-planar API added. Does not affect the compatibility of current drivers
and applications. See multi-planar API for details.

7.2.40. Relation of V4L2 to other Linux
multimedia APIs

7.2.40.1. X Video Extension

The X Video Extension (abbreviated XVideo or just Xv) is an extension of the X
Window system, implemented for example by the XFree86 project. Its scope is
similar to V4L2, an API to video capture and output devices for X clients. Xv
allows applications to display live video in a window, send window contents to a
TV output, and capture or output still images in XPixmaps'. With their
implementation XFree86 makes the extension available across many operating
systems and architectures.

Because the driver is embedded into the X server Xv has a number of advantages
over the V4L.2 video overlay interface. The driver can easily determine the overlay
target, 1. e. visible graphics memory or off-screen buffers for a destructive overlay. It
can program the RAMDAC for a non-destructive overlay, scaling or color-keying,
or the clipping functions of the video capture hardware, always in sync with
drawing operations or windows moving or changing their stacking order.

To combine the advantages of Xv and V4L a special Xv driver exists in XFree86
and XOrg, just programming any overlay capable Video4Linux device it finds. To
enable it /etc/X11/XF86Config must contain these lines:

Section "Module"
Load "v41"
EndSection

As of XFree86 4.2 this driver still supports only V4L ioctls, however it should work
just fine with all V4L2 devices through the V412 backward-compatibility layer.
Since V4L2 permits multiple opens it is possible (if supported by the V4L2 driver)
to capture video while an X client requested video overlay. Restrictions of
simultaneous capturing and overlay are discussed in Section 4.2 apply.

Only marginally related to V4L2, XFree86 extended Xv to support hardware YUV
to RGB conversion and scaling for faster video playback, and added an interface to
MPEG-2 decoding hardware. This API is useful to display images captured with
V4L2 devices.
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7.2.40.2. Digital Video

V4L2 does not support digital terrestrial, cable or satellite broadcast. A separate
project aiming at digital receivers exists. You can find its homepage at
http://linuxtv.org. The Linux DVB API has no connection to the V4L2 API except
that drivers for hybrid hardware may support both.

7.2.40.3. Audio Interfaces
[to do - OSS/ALSA]

7.2.41. Experimental API Elements

The following V4L2 API elements are currently experimental and may change in
the future.

« Video Output Overlay (OSD) Interface, Section 4.4.

« V4L2_BUF_TYPE_VIDEO_OUTPUT_OVERLAY, enum v412_buf_type, Table 3-3.
e V4L2_CAP_VIDEO_OUTPUT_OVERLAY, VIDIOC_QUERYCAP ioctl, Table A-2.

+ VIDIOC_ENUM_FRAMESIZES and VIDIOC_ENUM_FRAMEINTERVALS ioctls.

+ VIDIOC_G_ENC_INDEX ioctl.

+ VIDIOC_ENCODER_CMD and VIDIOC_TRY_ENCODER_CMD ioctls.

+ VIDIOC_DBG_G_REGISTER and VIDIOC_DBG_S_REGISTER ioctls.

+ VIDIOC_DBG_G_CHIP_IDENT ioctl.

7.2.42. Obsolete API Elements

The following V4L2 API elements were superseded by new interfaces and should
not be implemented in new drivers.

e VIDIOC_G_MPEGCOMP and VIDIOC_S_MPEGCOMP ioctls. Use Extended
Controls, Section 1.9.

Notes

1. This is not implemented in XFree86.
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V4L2 close()

Name

v4l2-close — Close a V4L.2 device

Synopsis

#include <unistd.h>
int close (int fd);

Arguments

fd

File descriptor returned by open ().

Description

Closes the device. Any I/O in progress is terminated and resources associated with
the file descriptor are freed. However data format parameters, current input or
output, control values or other properties remain unchanged.

Return Value

The function returns O on success, -1 on failure and the errno is set appropriately.
Possible error codes:

EBADF

£d is not a valid open file descriptor.
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V4L2 ioctl()
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Name

v412-ioctl — Program a V4L2 device

Synopsis

#include <sys/ioctl.h>
int ioctl (int fd, int request, void =*argp);

Arguments

fd

File descriptor returned by open ().

request

V4L2 ioctl request code as defined in the videodev2.h header file, for
example VIDIOC_QUERYCAP.

argp

Pointer to a function parameter, usually a structure.

Description

The ioctl () function is used to program V4L2 devices. The argument £d must be
an open file descriptor. An ioctl request has encoded in it whether the argument is
an input, output or read/write parameter, and the size of the argument argp in bytes.
Macros and defines specifying V4L2 ioctl requests are located in the videodev2.h
header file. Applications should use their own copy, not include the version in the
kernel sources on the system they compile on. All V4L2 ioctl requests, their
respective function and parameters are specified in Appendix A.
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Return Value

On success the ioctl () function returns O and does not reset the errno variable.
On failure -1 is returned, when the ioctl takes an output or read/write parameter it
remains unmodified, and the errno variable is set appropriately. See below for
possible error codes. Generic errors like EBADF or EFAULT are not listed in the
sections discussing individual ioctl requests.

Note ioctls may return undefined error codes. Since errors may have side effects
such as a driver reset applications should abort on unexpected errors.

EBADF

£d is not a valid open file descriptor.

EBUSY

The property cannot be changed right now. Typically this error code is returned
when I/O is in progress or the driver supports multiple opens and another
process locked the property.

EFAULT

argp references an inaccessible memory area.

ENOTTY

£d is not associated with a character special device.

EINVAL

The request or the data pointed to by argp is not valid. This is a very
common error code, see the individual ioctl requests listed in Appendix A for
actual causes.

ENOMEM

Not enough physical or virtual memory was available to complete the request.

ERANGE

The application attempted to set a control with the VIDIOC_S_CTRL ioctl to a
value which is out of bounds.
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ioctl VIDIOC_CROPCAP
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Name

VIDIOC_CROPCAP — Information about the video cropping and scaling abilities
Synopsis

int ioctl (int fd, int request, struct v41l2_cropcap *argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_CROPCAP

argp

Description

Applications use this function to query the cropping limits, the pixel aspect of
images and to calculate scale factors. They set the t ype field of a v412_cropcap
structure to the respective buffer (stream) type and call the vIDIOC_CROPCAP ioctl
with a pointer to this structure. Drivers fill the rest of the structure. The results are
constant except when switching the video standard. Remember this switch can
occur implicit when switching the video input or output.

Table A-1. struct v412_cropcap



enum v412_buf_type type

struct v412_rect bounds

struct v412_rect defrect

struct v412_fract pixelaspect

Table A-2. struct v412_rect

Appendix A. Function Reference

Type of the data stream, set by the
application. Only these types are valid
here:
V4L2_BUF_TYPE_VIDEO_CAPTURE,
V4L2_BUF_TYPE_VIDEO_OUTPUT,
V4L2_BUF_TYPE_VIDEO_OVERLAY,
and custom (driver defined) types with
code V4L2_BUF_TYPE_PRIVATE and
higher.

Defines the window within capturing or
output is possible, this may exclude for
example the horizontal and vertical
blanking areas. The cropping rectangle
cannot exceed these limits. Width and
height are defined in pixels, the driver
writer is free to choose origin and units
of the coordinate system in the analog
domain.

Default cropping rectangle, it shall cover
the "whole picture". Assuming pixel
aspect 1/1 this could be for example a
640 x 480 rectangle for NTSC, a

768 x 576 rectangle for PAL and
SECAM centered over the active picture
area. The same co-ordinate system as for
bounds is used.

This is the pixel aspect (y / x) when no
scaling is applied, the ratio of the actual
sampling frequency and the frequency
required to get square pixels.

When cropping coordinates refer to
square pixels, the driver sets
pixelaspect to 1/1. Other common
values are 54/59 for PAL and SECAM,
11/10 for NTSC sampled according to
[ITU BT.601].
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_ 832

_ 832

_ 832
_ 832

left

top

width
height

Return Value

Horizontal offset of the top, left corner
of the rectangle, in pixels.

Vertical offset of the top, left corner of
the rectangle, in pixels.

Width of the rectangle, in pixels.

Height of the rectangle, in pixels. Width
and height cannot be negative, the fields
are signed for hysterical reasons.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_cropcap type is invalid or the ioctl is not supported. This is
not permitted for video capture, output and overlay devices, which must

support VIDIOC_CROPCAP.

ioctl VIDIOC_DBG_G_CHIP_IDENT

Name

VIDIOC_DBG_G_CHIP_IDENT — Identify the chips on a TV card

Synopsis

int ioctl (int fd,
*argp) ;

210
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Arguments

£d

File descriptor returned by open ().

request

VIDIOC_DBG_G_CHIP_IDENT

argp

Description

Experimental: This is an experimental interface and may change in the future.

For driver debugging purposes this ioctl allows test applications to query the driver
about the chips present on the TV card. Regular applications must not use it. When
you found a chip specific bug, please contact the linux-media mailing list
(http://www.linuxtv.org/lists.php) so it can be fixed.

To query the driver applications must initialize the match. type and match.addr
or match.name fields of a struct v4l12_dbg_chip_ident and call
VIDIOC_DBG_G_CHIP_IDENT with a pointer to this structure. On success the
driver stores information about the selected chip in the ident and revision fields.
On failure the structure remains unchanged.

When match. typeis V4L2_CHIP_MATCH_HOST, match.addr selects the nth
non-I°C chip on the TV card. You can enumerate all chips by starting at zero and
incrementing match.addr by one until VIDIOC_DBG_G_CHIP_IDENT fails with
an EINVAL error code. The number zero always selects the host chip, e. g. the chip
connected to the PCI or USB bus.

When match. typeis V4L2_CHIP_MATCH_I2C_DRIVER, match.name contains
the I2C driver name. For instance "saa7127" will match any chip supported by the
saa7127 driver, regardless of its I?C bus address. When multiple chips supported by
the same driver are present, the ioctl will return v41L2_IDENT_AMBIGUOUS in the
ident field.

When match. typeis V4L2_CHIP_MATCH_I2C_ADDR, match.addr selects a
chip by its 7 bit I°C bus address.

211



Appendix A. Function Reference

212

When match. type is V4L2_CHIP_MATCH_AC97, match.addr selects the nth
AC97 chip on the TV card. You can enumerate all chips by starting at zero and
incrementing match.addr by one until VIDIOC_DBG_G_CHIP_IDENT fails with
an EINVAL error code.

On success, the ident field will contain a chip ID from the Linux
media/v412-chip-ident.h header file, and the revision field will contain a
driver specific value, or zero if no particular revision is associated with this chip.

When the driver could not identify the selected chip, i dent will contain
V4L2_IDENT_UNKNOWN. When no chip matched the ioctl will succeed but the
ident field will contain v41.2_ IDENT_NONE. If multiple chips matched, ident
will contain v41L.2_IDENT_AMBIGUOUS. In all these cases the revision field
remains unchanged.

This ioctl is optional, not all drivers may support it. It was introduced in Linux
2.6.21, but the API was changed to the one described here in 2.6.29.

We recommended the v412-dbg utility over calling this ioctl directly. It is available
from the LinuxTV v4l-dvb repository; see http://linuxtv.org/repo/ for access
instructions.

Table A-1. struct v412_dbg_match

_u32 type See Table A-3
for a list of
possible types.

union (anonymous)

_u32 addr Match a chip by this number,
interpreted according to the
type field.

char name [32] Match a chip by this name,
interpreted according to the
type field.

Table A-2. struct v412_dbg_chip_ident

struct match How to match the chip, see Table A-1.

v412_dbg_match

_u32 ident A chip identifier as defined in the Linux

media/v412-chip-ident .h header
file, or one of the values from Table A-4.
_u32 revision A chip revision, chip and driver specific.



Appendix A. Function Reference
Table A-3. Chip Match Types

V4L2_CHIP_MATCH_HOST 0 Match the nth chip on the card, zero for
the host chip. Does not match [>2C chips.
V4L2_CHIP_MATCH_I2C_DRIVER Match an I>C chip by its driver name.
V4L2_CHIP_MATCH I2C_ADDR Match a chip by its 7 bit [>C bus address.
V4L2_CHIP_MATCH_AC97 3 Match the nth anciliary AC97 chip.

Table A-4. Chip Identifiers

V4L2_IDENT_NONE 0 No chip matched.
V4L2_IDENT_AMBIGUOUS 1 Multiple chips matched.
V4L2_IDENT_UNKNOWN 2 A chip is present at this address, but the

driver could not identify it.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The driver does not support this ioctl, or the match_type is invalid.

ioctl VIDIOC_DBG_G_REGISTER,
VIDIOC_DBG_S_REGISTER

Name

VIDIOC_DBG_G_REGISTER, VIDIOC_DBG_S_REGISTER — Read or write
hardware registers
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Synopsis

int ioctl (int fd, int request, struct v412_dbg_register
*argp) ;

int ioctl (int fd, int request, const struct v412_dbg_register
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_DBG_G_REGISTER, VIDIOC_DBG_S_REGISTER

argp

Description

Experimental: This is an experimental interface and may change in the future.

For driver debugging purposes these ioctls allow test applications to access
hardware registers directly. Regular applications must not use them.

Since writing or even reading registers can jeopardize the system security, its
stability and damage the hardware, both ioctls require superuser privileges.
Additionally the Linux kernel must be compiled with the
CONFIG_VIDEO_ADV_DEBUG option to enable these ioctls.

To write a register applications must initialize all fields of a struct v412_dbg_register
and call VIDTIOC_DBG_S_REGISTER with a pointer to this structure. The
match. type and match.addr or match.name fields select a chip on the TV card,
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the reg field specifies a register number and the val field the value to be written
into the register.

To read a register applications must initialize the match. type, match.chip or
match.name and reg fields, and call vVIDIOC_DBG_G_REGISTER with a pointer to
this structure. On success the driver stores the register value in the val field. On
failure the structure remains unchanged.

When match. typeis V4L2_CHIP_MATCH_HOST, match.addr selects the nth
non-I°C chip on the TV card. The number zero always selects the host chip, e. g. the
chip connected to the PCI or USB bus. You can find out which chips are present
with the VIDIOC_DBG_G_CHIP_IDENT ioctl.

When match. typeis V4L2_CHIP_MATCH_I2C_DRIVER, match.name contains
the I2C driver name. For instance "saa7127" will match any chip supported by the
saa7127 driver, regardless of its I?C bus address. When multiple chips supported by
the same driver are present, the effect of these ioctls is undefined. Again with the
VIDIOC_DBG_G_CHIP_IDENT ioctl you can find out which I’C chips are present.

When match. typeis V4L2_CHIP_MATCH_I2C_ADDR, match.addr selects a
chip by its 7 bit I°C bus address.

When match. typeis V4L2_CHIP_MATCH_AC97, match.addr selects the nth
AC97 chip on the TV card.

Success not guaranteed: Due to a flaw in the Linux I°C bus driver these
ioctls may return successfully without actually reading or writing a register. To
catch the most likely failure we recommend a vipIoc_DBG_G_CHIP_IDENT call
confirming the presence of the selected I2C chip.

These ioctls are optional, not all drivers may support them. However when a driver
supports these ioctls it must also support VIDIOC_DBG_G_CHIP_IDENT.
Conversely it may support VIDIOC_DBG_G_CHIP_IDENT but not these ioctls.

VIDIOC_DBG_G_REGISTER and VIDIOC_DBG_S_REGISTER were introduced in
Linux 2.6.21, but their API was changed to the one described here in kernel 2.6.29.

We recommended the v412-dbg utility over calling these ioctls directly. It is
available from the LinuxTV v4l-dvb repository; see http://linuxtv.org/repo/ for
access instructions.

Table A-1. struct v412_dbg_match

_u32 type See Table A-3
for a list of
possible types.
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union (anonymous)

_u32 addr Match a chip by this number,
interpreted according to the
type field.

char name [32] Match a chip by this name,
interpreted according to the
type field.

Table A-2. struct v412_dbg_register

struct match How to match the

v412_dbg_match chip, see Table
A-1.

_ubt4 reg A register number.

_u64 val The value read

from, or to be
written into the

register.
Table A-3. Chip Match Types
V4L2_CHIP_MATCH HOST 0 Match the nth chip on the card, zero for
the host chip. Does not match I2C chips.
V4L2_CHIP_MATCH_I2C_DRIVER Match an I>C chip by its driver name.
V4L2_CHIP_MATCH_I2C_ADDR Match a chip by its 7 bit I.C bus address.
V4L2_CHIP_MATCH_AC97 3 Match the nth anciliary AC97 chip.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The driver does not support this ioctl, or the kernel was not compiled with the
CONFIG_VIDEO_ADV_DEBUG option, or the match_type is invalid, or the
selected chip or register does not exist.
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EPERM

Insufficient permissions. Root privileges are required to execute these ioctls.

ioctl VIDIOC_DQEVENT

Name

VIDIOC_DQEVENT — Dequeue event

Synopsis

int ioctl (int fd, int request, struct v41l2_event xargp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_DQEVENT

argp

Description

Dequeue an event from a video device. No input is required for this ioctl. All the
fields of the struct v412_event structure are filled by the driver. The file handle will
also receive exceptions which the application may get by e.g. using the select
system call.
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Table A-1. struct v412_event

_u32 type Type of the
event.
union u
struct v412_eventyysync Event data for
event

V4L2_EVENT_VSYNC.

_us datal64] Event data.
Defined by the
event type. The
union should
be used to
define easily
accessible type
for events.

_u32 pending Number of
pending events
excluding this
one.

_u32 sequence Event sequence
number. The
sequence
number is
incremented
for every
subscribed
event that takes
place. If
sequence
numbers are
not contiguous
it means that
events have
been lost.

struct timespec timestamp Event
timestamp.
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_u32 reserved|9] Reserved for
future
extensions.
Drivers must
set the array to
Zero.

ioctl VIDIOC_ENCODER_CMD,
VIDIOC_TRY_ENCODER_CMD

Name

VIDIOC_ ENCODER_CMD, VIDIOC_TRY ENCODER_CMD — Execute an
encoder command

Synopsis

int ioectl (int fd, int request, struct v41l2_encoder_cmd *xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_ENCODER_CMD, VIDIOC_TRY_ENCODER_CMD

argp
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Description

Experimental: This is an experimental interface and may change in the future.

These ioctls control an audio/video (usually MPEG-) encoder.
VIDIOC_ENCODER_CMD sends a command to the encoder,
VIDIOC_TRY_ENCODER_CMD can be used to try a command without actually
executing it.

To send a command applications must initialize all fields of a
struct v412_encoder_cmd and call vIDIOC ENCODER_CMD Or
VIDIOC_TRY_ENCODER_CMD with a pointer to this structure.

The cmd field must contain the command code. The f1ags field is currently only
used by the STOP command and contains one bit: If the
V41L2_ENC_CMD_STOP_AT_GOP_END flag is set, encoding will continue until the
end of the current Group Of Pictures, otherwise it will stop immediately.

A read() call sends a START command to the encoder if it has not been started yet.
After a STOP command, read() calls will read the remaining data buffered by the
driver. When the buffer is empty, read() will return zero and the next read() call
will restart the encoder.

A close() call sends an immediate STOP to the encoder, and all buffered data is
discarded.

These 1octls are optional, not all drivers may support them. They were introduced in
Linux 2.6.21.

Table A-1. struct v4l12_encoder_cmd

_u32 cmd The encoder command, see Table A-2.

_u32 flags Flags to go with the command, see Table
A-3. If no flags are defined for this
command, drivers and applications must
set this field to zero.

_u32 datal8] Reserved for future extensions. Drivers
and applications must set the array to
Zero.

Table A-2. Encoder Commands



VA4L2_ ENC_CMD_ START 0
V4L2_ENC_CMD_STOP 1
V4L2_ENC_CMD_PAUSE 2
V4L2_ENC_CMD_RESUME 3

Table A-3. Encoder Command Flags

V412 _ENC_CMD_STOP_AT_ GORxB001

Return Value
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Start the encoder. When the encoder is
already running or paused, this
command does nothing. No flags are
defined for this command.

Stop the encoder. When the
V4L2_ENC_CMD_STOP_AT_GOP_END
flag is set, encoding will continue until
the end of the current Group Of
Pictures, otherwise encoding will stop
immediately. When the encoder is
already stopped, this command does
nothing.

Pause the encoder. When the encoder
has not been started yet, the driver will
return an EPERM error code. When the
encoder is already paused, this
command does nothing. No flags are
defined for this command.

Resume encoding after a PAUSE
command. When the encoder has not
been started yet, the driver will return an
EPERM error code. When the encoder is
already running, this command does
nothing. No flags are defined for this
command.

Stop encoding at the end of the current
Group Of Pictures, rather than
immediately.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The driver does not support this ioctl, or the cmd field is invalid.
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EPERM

The application sent a PAUSE or RESUME command when the encoder was
not running.

ioctl VIDIOC_ENUMAUDIO

Name

VIDIOC_ENUMAUDIO — Enumerate audio inputs

Synopsis

int ioctl (int fd, int request, struct v412_audio *argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_ENUMAUDIO

argp

Description

To query the attributes of an audio input applications initialize the index field and
zero out the reserved array of a struct v412_audio and call the
VIDIOC_ENUMAUDIO ioctl with a pointer to this structure. Drivers fill the rest of the
structure or return an EINVAL error code when the index is out of bounds. To
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enumerate all audio inputs applications shall begin at index zero, incrementing by
one until the driver returns EINVAL.

See ioctl VIDIOC_G_AUDIO, VIDIOC_S_AUDIO(2) for a description of
struct v412_audio.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The number of the audio input is out of bounds, or there are no audio inputs at
all and this ioctl is not supported.

VIDIOC_ENUMAUDOUT

Name

VIDIOC_ENUMAUDOUT — Enumerate audio outputs
Synopsis

int ioctl (int fd, int request, struct v412_audioout =*argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_ENUMAUDOUT
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argp

Description

To query the attributes of an audio output applications initialize the i ndex field and
zero out the reserved array of a struct v4l12_audioout and call the
VIDIOC_G_AUDOUT ioctl with a pointer to this structure. Drivers fill the rest of the
structure or return an EINVAL error code when the index is out of bounds. To
enumerate all audio outputs applications shall begin at index zero, incrementing by
one until the driver returns EINVAL.

Note connectors on a TV card to loop back the received audio signal to a sound card
are not audio outputs in this sense.

See ioctl VIDIOC_G_AUDOUT, VIDIOC_S_AUDOUT(2) for a description of
struct v412_audioout.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The number of the audio output is out of bounds, or there are no audio outputs
at all and this ioctl is not supported.

ioctl VIDIOC_ENUM_DV_PRESETS
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Name

VIDIOC_ENUM_DV_PRESETS — Enumerate supported Digital Video presets
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Synopsis

int ioctl (int fd, int request, struct v412_dv_enum_preset
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_ENUM_DV_PRESETS

argp

Description

To query the attributes of a DV preset, applications initialize the index field and
zero the reserved array of struct v412_dv_enum_preset and call the
VIDIOC_ENUM_DV_PRESETS ioctl with a pointer to this structure. Drivers fill the
rest of the structure or return an EINVAL error code when the index is out of
bounds. To enumerate all DV Presets supported, applications shall begin at index
zero, incrementing by one until the driver returns EINVAL. Drivers may enumerate
a different set of DV presets after switching the video input or output.

Table A-1. struct v412_dv_enum_presets

_u32 index Number of the DV preset, set by the
application.

_u32 preset This field identifies one of the DV preset
values listed in Table A-2.

_ul name|24] Name of the preset, a NUL-terminated

ASCII string, for example: "720P-60",
"1080I-60". This information is intended
for the user.
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_u32 width
_u32 height
_u32 reserved|4]

Table A-2. struct DV Presets

Preset Preset value

V4L2_DV_INVALID

V4L2_DV_480P59_94

V4L2_DV_576P50 2

V4L2_DV_720P24 3

V4L2_DV_720P25 4

V4L2_DV_720P30 5

V4L2_DV_720P50 6

V4L2_DV_720P59_94

V4L2_DV_720P60 8

V4L2_DV_1080129 97

V4L2_DV_1080I30 10

V4L2_DV_1080125 11

V4L2_DV_1080I50 12

V4L2_DV_1080160 13

Width of the active video in pixels for
the DV preset.
Height of the active video in lines for
the DV preset.

Reserved for future extensions. Drivers
must set the array to zero.

Description

Invalid preset value.

720x480 progressive video at 59.94 fps
as per BT.1362.

720x576 progressive video at 50 fps as
per BT.1362.

1280x720 progressive video at 24 fps as
per SMPTE 296M.

1280x720 progressive video at 25 fps as
per SMPTE 296M.

1280x720 progressive video at 30 fps as
per SMPTE 296M.

1280x720 progressive video at 50 fps as
per SMPTE 296M.

1280x720 progressive video at 59.94 fps
as per SMPTE 274M.

1280x720 progressive video at 60 fps as
per SMPTE 274M/296M.

1920x 1080 interlaced video at 29.97 fps
as per BT.1120/SMPTE 274M.
1920x1080 interlaced video at 30 fps as
per BT.1120/SMPTE 274M.

1920x1080 interlaced video at 25 fps as
per BT.1120.

1920x1080 interlaced video at 50 fps as
per SMPTE 296M.

1920x1080 interlaced video at 60 fps as
per SMPTE 296M.
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V4L2_DV_1080P24 14
V4L2_DV_1080P25 15
V4L2_DV_1080P3016
V4L2_DV_1080P5017

V4L2_DV_1080P6018

Return Value
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1920x1080 progressive video at 24 fps
as per SMPTE 296M.

1920x 1080 progressive video at 25 fps
as per SMPTE 296M.

1920x1080 progressive video at 30 fps
as per SMPTE 296M.

1920x1080 progressive video at 50 fps
as per BT.1120.

1920x1080 progressive video at 60 fps
as per BT.1120.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_dv_enum_preset i ndex is out of bounds.

VIDIOC_ENUM_FMT

Name

VIDIOC_ENUM_FMT — Enumerate image formats

Synopsis

int ioctl (int fd, int request, struct v41l2_fmtdesc xargp);
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Arguments

£d

File descriptor returned by open ().

request

VIDIOC_ENUM_FMT

argp

Description

To enumerate image formats applications initialize the t ype and index field of
struct v412_fmtdesc and call the vIDIOC_ENUM_FMT ioctl with a pointer to this
structure. Drivers fill the rest of the structure or return an EINVAL error code. All
formats are enumerable by beginning at index zero and incrementing by one until
EINVAL is returned.

Table A-1. struct v412_fmtdesc

_u32 index Number of the format in the
enumeration, set by the application. This
is in no way related to the
pixelformat field.

enum v412_buf_type type Type of the data stream, set by the
application. Only these types are valid
here:
V4L2_BUF_TYPE_VIDEO_CAPTURE,
V4L2_BUF_TYPE_VIDEO_CAPTURE_MPLANE,
V4L2_BUF_TYPE_VIDEO_OUTPUT,
V4L2_BUF_TYPE_VIDEO_OUTPUT_MPLANE,
V4L2_BUF_TYPE_VIDEO_OVERLAY,
and custom (driver defined) types with
code V4L2_BUF_TYPE_PRIVATE and

higher.
_u32 flags See Table A-2
_u8 description[32] Description of the format, a

NUL-terminated ASCII string. This
information is intended for the user, for
example: "YUV 4:2:2".
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_u32 pixelformat The image format identifier. This is a
four character code as computed by the
v412_fourcc() macro:

#define v412_fourcc(a,b,c,d) (((__u32) (a)<<0) ] ((__u32) (b)<<8) | ((__u32) (c)

Several image formats are already defined by this specification in Chapter 2. Note
these codes are not the same as those used in the Windows world.

_u32 reserved|4] Reserved for future extensions. Drivers
must set the array to zero.

Table A-2. Image Format Description Flags

V4L2_FMT_FLAG_COMPRESSEX0001  This is a compressed format.

V4L2_FMT_FLAG_EMULATED 0x0002 This format is not native to the device
but emulated through software (usually
libv412), where possible try to use a
native format instead for better
performance.

Return Value

On success 0 1s returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_fmtdesc t ype is not supported or the index is out of bounds.

ioctl VIDIOC_ENUM_FRAMESIZES

Name
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VIDIOC_ENUM FRAMESIZES — Enumerate frame sizes

Synopsis

int ioctl (int fd, int request, struct v4l2_frmsizeenum =*argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_ENUM_FRAMESIZES

argp

Pointer to a struct v412_frmsizeenum that contains an index and pixel format
and receives a frame width and height.

Description

Experimental: This is an experimental interface and may change in the future.

This ioctl allows applications to enumerate all frame sizes (i. e. width and height in
pixels) that the device supports for the given pixel format.

The supported pixel formats can be obtained by using the VIDIOC_ENUM_FMT
function.

The return value and the content of the v412_ frmsizeenum. type field depend on
the type of frame sizes the device supports. Here are the semantics of the function
for the different cases:

« Discrete: The function returns success if the given index value (zero-based) is
valid. The application should increase the index by one for each call until
EINVAL is returned. The v412_frmsizeenum. type field is set to
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V4L2_FRMSIZE_TYPE_DISCRETE by the driver. Of the union only the
discrete member is valid.

« Step-wise: The function returns success if the given index value is zero and
EINVAL for any other index value. The v412_frmsizeenum. type field is set to
V4L2_FRMSIZE_TYPE_STEPWISE by the driver. Of the union only the
stepwise member is valid.

« Continuous: This is a special case of the step-wise type above. The function
returns success if the given index value is zero and EINVAL for any other index
value. The v412_ frmsizeenum. type field is set to
V4L2_FRMSIZE_TYPE_CONTINUOUS by the driver. Of the union only the
stepwise member is valid and the step_width and step_height values are
setto 1.

When the application calls the function with index zero, it must check the type
field to determine the type of frame size enumeration the device supports. Only for
the V4L2_FRMSIZE_TYPE_DISCRETE type does it make sense to increase the index
value to receive more frame sizes.

Note that the order in which the frame sizes are returned has no special meaning. In
particular does it not say anything about potential default format sizes.

Applications can assume that the enumeration data does not change without any
interaction from the application itself. This means that the enumeration data is
consistent if the application does not perform any other ioctl calls while it runs the
frame size enumeration.

Structs

In the structs below, IN denotes a value that has to be filled in by the application,
OUT denotes values that the driver fills in. The application should zero out all
members except for the IN fields.

Table A-1. struct v412_frmsize discrete

_u32 width Width of the frame [pixel].
_u32 height Height of the frame [pixel].

Table A-2. struct v412_frmsize_stepwise

_u32 min_width Minimum frame width [pixel].
_u32 max_width Maximum frame width [pixel].
_u32 step_width Frame width step size [pixel].
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_u32
_u32
_u32

min_height
max_height
step_height

Table A-3. struct v412_frmsizeenum

_u32

_u32

—u32

union

_—u32

Enums

index

pixel_ format

type

Minimum frame height [pixel].
Maximum frame height [pixel].
Frame height step size [pixel].

IN: Index of the
given frame size in
the enumeration.
IN: Pixel format
for which the frame
sizes are
enumerated.

OUT: Frame size
type the device
supports.

OUT: Frame size
with the given
index.

struct v412_frmsize discrete=t e

struct v412_frmsize_stepwisé se

reserved/[Z2]

Table A-4. enum v412_frmsizetypes

V4L2_FRMSIZE_TYPE DISCRHTE

V4L2_FRMSIZE_TYPE_CONTIXUOUS

V4L2_FRMSIZE_TYPE_STEPWBSE

232

Reserved space for
future use.

Discrete frame size.

Continuous frame size.

Step-wise defined frame size.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

See the description section above for a list of return values that errno can have.

VIDIOC_ENUM_FRAMEINTERVALS

Name

VIDIOC_ENUM_FRAMEINTERVALS — Enumerate frame intervals
Synopsis

int ioctl (int fd, int request, struct v41l2_frmivalenum *xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_ENUM_FRAMEINTERVALS

argp

Pointer to a struct v412_frmivalenum structure that contains a pixel format and
size and receives a frame interval.

Description

This ioctl allows applications to enumerate all frame intervals that the device
supports for the given pixel format and frame size.
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The supported pixel formats and frame sizes can be obtained by using the
VIDIOC_ENUM_FMT and VIDIOC_ENUM_FRAMESIZES functions.

The return value and the content of the v412_ frmivalenum. type field depend on
the type of frame intervals the device supports. Here are the semantics of the
function for the different cases:

« Discrete: The function returns success if the given index value (zero-based) is
valid. The application should increase the index by one for each call until
EINVAL is returned. The ‘v412_frmivalenum.type‘ field is set to
‘V4L2_FRMIVAL_TYPE_DISCRETE' by the driver. Of the union only the
‘discrete‘ member is valid.

+ Step-wise: The function returns success if the given index value is zero and
EINVAL for any other index value. The v412_frmivalenum. type field is set to
V4L2_FRMIVAL_TYPE_STEPWISE by the driver. Of the union only the
stepwise member is valid.

« Continuous: This is a special case of the step-wise type above. The function
returns success if the given index value is zero and EINVAL for any other index
value. The v412 frmivalenum. type field is set to
V4L2_FRMIVAL_TYPE_CONTINUOUS by the driver. Of the union only the
stepwise member is valid and the step value is set to 1.

When the application calls the function with index zero, it must check the type
field to determine the type of frame interval enumeration the device supports. Only
for the v4L2_FRMIVAL_TYPE_DISCRETE type does it make sense to increase the
index value to receive more frame intervals.

Note that the order in which the frame intervals are returned has no special meaning.
In particular does it not say anything about potential default frame intervals.

Applications can assume that the enumeration data does not change without any
interaction from the application itself. This means that the enumeration data is
consistent if the application does not perform any other ioctl calls while it runs the
frame interval enumeration.

Notes

« Frame intervals and frame rates: The V4L2 API uses frame intervals instead of
frame rates. Given the frame interval the frame rate can be computed as follows:

frame_rate = 1 / frame_interval
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Structs

In the structs below, IN denotes a value that has to be filled in by the application,
OUT denotes values that the driver fills in. The application should zero out all
members except for the IN fields.

Table A-1. struct v412_frmival_stepwise

struct v412_fract min Minimum frame interval [s].
struct v412_fract max Maximum frame interval [s].
struct v412_fract step Frame interval step size [s].

Table A-2. struct v412_frmivalenum

_u32 index IN: Index of the
given frame
interval in the
enumeration.

_u32 pixel format IN: Pixel format
for which the frame
intervals are
enumerated.

_u32 width IN: Frame width
for which the frame
intervals are
enumerated.

_u32 height IN: Frame height
for which the frame
intervals are
enumerated.

_u32 type OUT: Frame
interval type the
device supports.

union OUT: Frame
interval with the
given index.

struct v412_fract discrete Frame interval [s].
struct v412_frmival_stepsyise se

_u32 reserved([2] Reserved space for
future use.
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Table A-3. enum v412_frmivaltypes

V412 FRMIVAL_ TYPE DISCRHTE Discrete frame interval.
VAL2_ FRMIVAL_TYPE CONTIRUOUS Continuous frame interval.

V4L2_FRMIVAL_TYPE_STEPWBSE Step-wise defined frame interval.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

See the description section above for a list of return values that errno can have.

ioctl VIDIOC_ENUMINPUT

Name

VIDIOC_ENUMINPUT — Enumerate video inputs

Synopsis

int ioctl (int fd, int request, struct v41l2_input =*argp);

Arguments

rd

File descriptor returned by open ().
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request

VIDIOC_ENUMINPUT

argp

Description

To query the attributes of a video input applications initialize the index field of

Appendix A. Function Reference

struct v412_input and call the vIDTOC_ENUMINPUT ioctl with a pointer to this
structure. Drivers fill the rest of the structure or return an EINVAL error code when
the index is out of bounds. To enumerate all inputs applications shall begin at index
zero, incrementing by one until the driver returns EINVAL.

Table A-1. struct v412_input

u32

ud

u32

index

name|32]

type

Identifies the input, set by the
application.

Name of the video input, a
NUL-terminated ASCII string, for
example: "Vin (Composite 2)". This
information is intended for the user,
preferably the connector label on the
device itself.

Type of the input, see Table A-2.
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_u32 audioset Drivers can enumerate up to 32 video
and audio inputs. This field shows
which audio inputs were selectable as
audio source if this was the currently
selected video input. It is a bit mask.
The LSB corresponds to audio input 0,
the MSB to input 31. Any number of
bits can be set, or none.

When the driver does not enumerate
audio inputs no bits must be set.
Applications shall not interpret this as
lack of audio support. Some drivers
automatically select audio sources and
do not enumerate them since there is no
choice anyway.

For details on audio inputs and how to
select the current input see Section 1.5.

_u32 tuner Capture devices can have zero or more
tuners (RF demodulators). When the
type is set to
V4L2_INPUT_TYPE_TUNER thisis an
RF connector and this field identifies the
tuner. It corresponds to struct v412_tuner
field i ndex. For details on tuners see
Section 1.6.

v4l2_std_id std Every video input supports one or more
different video standards. This field is a
set of all supported standards. For
details on video standards and how to
switch see Section 1.7.

_u32 status This field provides status information
about the input. See Table A-3 for flags.
With the exception of the sensor
orientation bits status is only valid
when this is the current input.

_u32 capabilities This field provides capabilities for the
input. See Table A-4 for flags.
_u32 reserved|3] Reserved for future extensions. Drivers

must set the array to zero.
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Table A-2. Input Types

V4L2_INPUT_TYPE_TUNER

V4L2_INPUT_TYPE_CAMERA 2

Table A-3. Input Status Flags

General
V4L2_IN_ST NO_POWER
V4L2_ IN_ST_NO_SIGNAL

V4L2_IN_ST_NO_COLOR

Sensor Orientation
V4L2_ IN_ST HFLIP

V4L2_IN_ST_VFLIP

Analog Video
V4L2_IN_ST_NO_H_LOCK

1

Appendix A. Function Reference

This input uses a tuner (RF
demodulator).

Analog baseband input, for example
CVBS / Composite Video, S-Video,

RGB.

0x00000001
0x00000002

0x00000004

0x00000010

0x00000020

0x00000100

Attached device is off.

The hardware supports
color decoding, but does
not detect color
modulation in the signal.

The input is connected to
a device that produces a
signal that is flipped
horizontally and does not
correct this before passing
the signal to userspace.
The input is connected to
a device that produces a
signal that is flipped
vertically and does not
correct this before passing
the signal to userspace.
Note that a 180 degree
rotation is the same as
HFLIP | VFLIP

No horizontal sync lock.
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V4L2_IN_ST_COLOR_KILL 0x00000200 A color killer circuit
automatically disables
color decoding when it
detects no color
modulation. When this
flag is set the color killer
is enabled and has shut off
color decoding.

Digital Video

V4L2_IN_ST_NO_SYNC 0x00010000 No synchronization lock.
V4L2_IN_ST_NO_EQU 0x00020000 No equalizer lock.
V4L2_IN_ST_NO_CARRIER 0x00040000 Carrier recovery failed.

VCR and Set-Top Box

V4L2_IN_ST_MACROVISION 0x01000000 Macrovision is an analog
copy prevention system
mangling the video signal
to confuse video
recorders. When this flag
is set Macrovision has
been detected.

VAL2_IN_ST_NO_ACCESS 0x02000000 Conditional access denied.

V4L2_IN_ST_VTR 0x04000000 VTR time constant. [?]

Table A-4. Input capabilities

V4L2_IN_CAP_PRESETS 0x00000000his input supports setting DV presets
by using VIDIOC_S_DV_PRESET.

V4L2_IN_caAp_cusToM_TIMINxO000000this input supports setting custom video
timings by using
VIDIOC_S_DV_TIMINGS.

V4L2_IN_CAP_STD 0x0000000¥his input supports setting the TV
standard by using VIDIOC_S_STD.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:
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EINVAL

The struct v412_input index is out of bounds.

VIDIOC_ENUMOUTPUT

Name

VIDIOC_ENUMOUTPUT — Enumerate video outputs

Synopsis

int ioctl (int fd, int request, struct v41l2_output xargp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_ENUMOUTPUT

argp

Description

To query the attributes of a video outputs applications initialize the i ndex field of
struct v412_output and call the vIDIOC_ENUMOUTPUT ioctl with a pointer to this
structure. Drivers fill the rest of the structure or return an EINVAL error code when
the index is out of bounds. To enumerate all outputs applications shall begin at
index zero, incrementing by one until the driver returns EINVAL.
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Table A-1. struct v412_output

_u32

_u8

_u32
_u32

_u32

v412_std_id

index

name[32]

type

audioset

modulator

std

Identifies the output, set by the
application.

Name of the video output, a
NUL-terminated ASCII string, for
example: "Vout". This information is
intended for the user, preferably the
connector label on the device itself.
Type of the output, see Table A-2.
Drivers can enumerate up to 32 video
and audio outputs. This field shows
which audio outputs were selectable as
the current output if this was the
currently selected video output. It is a
bit mask. The LSB corresponds to
audio output 0, the MSB to output 31.
Any number of bits can be set, or none.
When the driver does not enumerate
audio outputs no bits must be set.
Applications shall not interpret this as
lack of audio support. Drivers may
automatically select audio outputs
without enumerating them.

For details on audio outputs and how to
select the current output see Section
L.5.

Output devices can have zero or more
RF modulators. When the type is
V4L2_OUTPUT_TYPE_MODULATOR this
is an RF connector and this field
identifies the modulator. It corresponds
to struct v412_modulator field index.
For details on modulators see Section
1.6.

Every video output supports one or
more different video standards. This
field is a set of all supported standards.
For details on video standards and how
to switch see Section 1.7.
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_u32 capabilities This field provides capabilities for the
output. See Table A-3 for flags.
_u32 reserved|3] Reserved for future extensions. Drivers

must set the array to zero.

Table A-2. Output Type

V4L2_OUTPUT_TYPE_MODULATOR This output is an analog TV modulator.

V4L2_OUTPUT_TYPE_ANALOG 2 Analog baseband output, for example
Composite / CVBS, S-Video, RGB.

V4L2_OUTPUT_TYPE_ANALOGWBGAOVERLAY

Table A-3. Output capabilities

V4L2_OUT_CAP_PRESETS 0x00000000his output supports setting DV presets
by using VIDIOC_S_DV_PRESET.

Vv4L2_ouT_cap_cusToM_TIMOx6600000lhis output supports setting custom
video timings by using
VIDIOC_S_DV_TIMINGS.

V4L2_OUT_CAP_STD 0x00000008his output supports setting the TV
standard by using VIDIOC_S_STD.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_output index is out of bounds.
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ioctl VIDIOC_ENUMSTD

Name

VIDIOC_ENUMSTD — Enumerate supported video standards
Synopsis

int ioctl (int fd, int request, struct v41l2_standard =*argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_ENUMSTD

argp

Description

To query the attributes of a video standard, especially a custom (driver defined) one,
applications initialize the index field of struct v412_standard and call the
VIDIOC_ENUMSTD ioctl with a pointer to this structure. Drivers fill the rest of the
structure or return an EINVAL error code when the index is out of bounds. To
enumerate all standards applications shall begin at index zero, incrementing by one
until the driver returns EINVAL. Drivers may enumerate a different set of standards
after switching the video input or output.'

Table A-1. struct v412_standard

_u32 index Number of the video standard, set by the
application.
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v412_std_id id

_u8 name|24]

struct v412_fract frameperiod

_u32 framelines

_u32 reserved[4]

Table A-2. struct v412_fract

_u32 numerator

_u32 denominator

Table A-3. typedef v412_std_id

__u6b4 v412 std_id

#define V4L2_STD_PAL B
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The bits in this field identify the
standard as one of the common
standards listed in Table A-3, or if bits
32 to 63 are set as custom standards.
Multiple bits can be set if the hardware
does not distinguish between these
standards, however separate indices do
not indicate the opposite. The id must
be unique. No other enumerated
v412_standard structure, for this input or
output anyway, can contain the same set
of bits.

Name of the standard, a
NUL-terminated ASCII string, for
example: "PAL-B/G", "NTSC Japan".
This information is intended for the user.

The frame period (not field period) is
numerator / denominator. For example
M/NTSC has a frame period of 1001 /
30000 seconds.

Total lines per frame including blanking,
e. g. 625 for B/PAL.

Reserved for future extensions. Drivers
must set the array to zero.

This type is a set, each bit representing
another video standard as listed below
and in Table A-4. The 32 most
significant bits are reserved for custom
(driver defined) video standards.

((v41l2_std_1id)0x00000001)
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#define V4L2_STD_PAL Bl
#define V4L2_STD_PAL_G
#define V4L2_STD_PAL_H

((v412_std_id) 0x00000002

(

(
#define V4L2_STD_PAL_I (

(

(

(

)
v412_std_id)0x00000004)
v41l2_std_id) 0x00000008)
v412_std_id)0x00000010)

#define V4L2_STD_PAL_D )
#define V4L2_STD_PAL_D1 )
#define V4L2_STD_PAL_K )

v41l2_std_id) 0x00000020
v41l2_std_id) 0x00000040
v412_std_1id) 0x00000080

~ o~ o~ o~ o~ o~ —~

#define V4L2_STD_PAL_M (
#define V4L2_STD_PAL_N (
#define V4L2_STD_PAL_Nc (
#define V4L2_STD_PAL_60 (

v41l2_std_id) 0x00000100)
v41l2_std_id) 0x00000200)
v412_std_id) 0x00000400)
v41l2_std_id) 0x00000800)

—_~ o~~~

V4L2_STD_PAL_60 is a hybrid standard with 525 lines, 60 Hz refresh rate, and
PAL color modulation with a 4.43 MHz color subcarrier. Some PAL video recorders
can play back NTSC tapes in this mode for display on a 50/60 Hz agnostic PAL TV.

#define V4L2_STD_NTSC_M ((v412_std_id) 0x00001000)
#define V4L2_STD_NTSC_M JP ((v41l2_std_id) 0x00002000)
#define V4L2_STD_NTSC_443 ((v4l2_std_id) 0x00004000)

V4L2_STD_NTSC_443 is a hybrid standard with 525 lines, 60 Hz refresh rate, and
NTSC color modulation with a 4.43 MHz color subcarrier.

#define V4L2_STD_NTSC_M KR ((v41l2_std_1id) 0x00008000)

#define V4L2_STD_SECAM B
#define V4L2_STD_SECAM D
#define V4L2_STD_SECAM G
#define V4L2_STD_SECAM H
#define V4L2_STD_SECAM_K
#define V4L2_STD_SECAM_K1
#define V4L2_STD_SECAM L
#define V4L2_STD_SECAM_LC

v412_std_1id) 0x00010000
v4l2_std_id) 0x00020000
v412_std_id) 0x00040000
v412_std_1id) 0x00080000
v412_std _1id) 0x00100000
v41l2_std_id) 0x00200000
v412_std_id) 0x00400000

((
((
((
((
((
((
((
((v41l2_std_1id)0x00800000

)
)
)
)
)
)
)
)

/+ ATSC/HDTV =/
#define V4L2_STD_ATSC_8_VSB ((v41l2_std_1id)0x01000000)
#define V4L2_STD_ATSC_16_VSB ((v41l2_std_1id)0x02000000)

V4L2_STD_ATSC_8_vSBand V4L2_STD_ATSC_16_vVSB are U.S. terrestrial digital
TV standards. Presently the V4L2 API does not support digital TV. See also the
Linux DVB API at http://linuxtv.org.
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#define V4L2_STD_PAL_BG
V41L2_STD_PAL_BI1
V41L2_STD_PAL_G)

#define V4L2_STD_B
V41L2_STD_PAL_BI1
V412 _STD_SECAM B)

#define V4L2_STD_GH
V412_STD_PAIL_H
V4L2_STD_SECAM_G
V41L2_STD_SECAM H)

#define V4L2_STD_PAL_DK
V41L2_STD_PAL_DI1
V4L2_STD_PAL_K)

#define V4L2_STD_PAL
V412_STD_PAIL_DK
V41L2_STD_PAL_H
V412 _STD_PAL_TI)

#define V4L2_STD_NTSC
V4L2_STD_NTSC_M_JP
V4L2_STD_NTSC_M_KR)

#define V4L2_STD_MN
V41L2_STD_PAL_N
V4L2_STD_PAL_Nc
V4L2_STD_NTSC)

#define V4L2_STD_SECAM DK

V4L2_STD_SECAM_K

V4L2_STD_SECAM_K1)
#define V4L2_STD_DK

V4L2_STD_SECAM_DK)

#define V4L2_STD_SECAM
V4L2_STD_SECAM_G
V4L2_STD_SECAM_H
V4L2_STD_SECAM_DK
V4L2_STD_SECAM_L
V4L2_STD_SECAM_LC)

#define V4L2_STD_525_60
V41L2_STD_PAL_60
V4L2_STD_NTSC
V4L2_STD_NTSC_443)

#define V4L2_STD_625_50
V4L2_STD_PAL_N
V41L2_STD_PAL_Nc
V41L2_STD_SECAM)

#define V4L2_STD_UNKNOWN

#define V4L2_STD_ALL

I\
I\

I\
I\

I\

I\
I\

I\
I\
I\
I\

I\
I\

I\
I\
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(V4L2_STD_PAL B

(VAL2_STD_PAIL B

(VAL2_STD_PAL_G

(VAL2_STD_PAL D

(V4L2_STD_PAL_BG

(V4L2_STD_NTSC_M

(VAL2_STD_PAIL M

(VAL2_STD_SECAM D

(VAL2_STD_PAIL_DK

(VAL2_STD_SECAM B

(V4L2_STD_PAL_M

(VAL2_STD_PAL

0
(V4L2_STD_525_60

I\
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V4L2_STD_625_50)

Table A-4. Video Standards (based on [ITU BT.470])

Characteristtics

M/NT

SOPA

IN/PAIL

B,
B1,
G/PAl

D,
D1,
LK/PAIL

H/PAL

/PAL

G/SE(

O BE(

CRANVSE

= C/SE(

CAM

Frame
lines

525

625

Frame
pe-
riod

()

1001/30000

1/25

Chrominance

sub-
carrier
fre-

quency

(Hz)

35795
+ 10

4355796
£+ 10

144396
+5
(3582
+5)

4433618.75 £ 5

18.75

56.25

44336
+1

for = 4406250 =+ 2000,
1®575 4250000 £ 2000

Nominal 6

radio-

frequency

chan-
nel

band-
width
(MHz

B:7;
B1,
G: 8

Sound
car-
rier
rela-
tive

to vi-
sion
car-
rier

(MHz

+4.5

+4.5

+4.5

+5.5
4 0.0(

cdef

+ 6.5
H0.0d

+5.5

+5.99
4+ 0.0d

+5.5
06 0.0(
)05

+ 6.5
H0.0d

+6.5

+6.5
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Characteristics B, D, B, D,
M/NTS@PALN/PALB1, D1, |H/PALI/PAL| G/SEQQBECQANSEC/SEC(
G/PALK/PAL

CAM

Notes:

a. Japan uses a standard similar to M/NTSC (V4L2_STD_NTSC_M_JP).

b. The values in brackets apply to the combination N/PAL a.k.a. Nc used in
Argentina (V4L2_STD_PAL_Nc).

c. In the Federal Republic of Germany, Austria, Italy, the Netherlands, Slovakia
and Switzerland a system of two sound carriers is used, the frequency of the
second carrier being 242.1875 kHz above the frequency of the first sound carrier.
For stereophonic sound transmissions a similar system is used in Australia.

d. New Zealand uses a sound carrier displaced 5.4996 + 0.0005 MHz from the
vision carrier.

e. In Denmark, Finland, New Zealand, Sweden and Spain a system of two sound
carriers is used. In Iceland, Norway and Poland the same system is being
introduced. The second carrier is 5.85 MHz above the vision carrier and is DQPSK
modulated with 728 kbit/s sound and data multiplex. (NICAM system)

f.  In the United Kingdom, a system of two sound carriers is used. The second
sound carrier is 6.552 MHz above the vision carrier and is DQPSK modulated
with a 728 kbit/s sound and data multiplex able to carry two sound channels.
(NICAM system)

g. In France, a digital carrier 5.85 MHz away from the vision carrier may be used
in addition to the main sound carrier. It is modulated in differentially encoded
QPSK with a 728 kbit/s sound and data multiplexer capable of carrying two sound
channels. (NICAM system)

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_standard index is out of bounds.

Notes

1. The supported standards may overlap and we need an unambiguous set to find
the current standard returned by VIDIOC_G_STD.
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ioctl VIDIOC_G_AUDIO, VIDIOC_S_ AUDIO

Name

VIDIOC_G_AUDIO, VIDIOC_S_AUDIO — Query or select the current audio
input and its attributes

Synopsis

int ioctl (int fd, int request, struct v41l2_audio *argp);

int ioctl (int fd, int request, const struct v41l2_audio =*argp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_AUDIO, VIDIOC_S_AUDIO

argp

Description

To query the current audio input applications zero out the reserved array of a
struct v412_audio and call the vIDTIOC_G_AUDIO ioctl with a pointer to this
structure. Drivers fill the rest of the structure or return an EINVAL error code when
the device has no audio inputs, or none which combine with the current video input.

Audio inputs have one writable property, the audio mode. To select the current audio
input and change the audio mode, applications initialize the i ndex and mode fields,
and the reserved array of a v412_audio structure and call the vIDIOC_S_AUDIO
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ioctl. Drivers may switch to a different audio mode if the request cannot be satisfied.
However, this is a write-only ioctl, it does not return the actual new audio mode.

Table A-1. struct v412_audio

_u32 index Identifies the audio input, set by the
driver or application.

_us8 name[32] Name of the audio input, a
NUL-terminated ASCII string, for
example: "Line In". This information is
intended for the user, preferably the
connector label on the device itself.

_u32 capability Audio capability flags, see Table A-2.

_u32 mode Audio mode flags set by drivers and
applications (on VIDIOC_S_AUDIO
ioctl), see Table A-3.

_u32 reserved|2] Reserved for future extensions. Drivers
and applications must set the array to
Zero.

Table A-2. Audio Capability Flags

V41L2_AUDCAP_STEREO 0x00001 This is a stereo input. The flag is
intended to automatically disable stereo
recording etc. when the signal is always
monaural. The API provides no means
to detect if stereo is received, unless the
audio input belongs to a tuner.

V412 _AUDCAP_AVL 0x00002 Automatic Volume Level mode is
supported.

Table A-3. Audio Mode Flags

V412 _AUDMODE_AVL 0x00001 AVL mode is on.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:
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EINVAL

No audio inputs combine with the current video input, or the number of the
selected audio input is out of bounds or it does not combine, or there are no
audio inputs at all and the ioctl is not supported.

EBUSY

I/0 is in progress, the input cannot be switched.

ioctl VIDIOC_G_AUDOUT,

252

VIDIOC_S_AUDOUT

Name

VIDIOC_G_AUDOUT, VIDIOC_S_AUDOUT — Query or select the current
audio output

Synopsis

int ioctl (int fd, int request, struct v412_audioout =xargp);

int ioctl (int fd, int request, const struct v41l2_audioout
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_AUDOUT, VIDIOC_S_AUDOUT



Appendix A. Function Reference

argp

Description

To query the current audio output applications zero out the reserved array of a
struct v412_audioout and call the vIDI0C_G_AUDOUT ioctl with a pointer to this
structure. Drivers fill the rest of the structure or return an EINVAL error code when
the device has no audio inputs, or none which combine with the current video
output.

Audio outputs have no writable properties. Nevertheless, to select the current audio
output applications can initialize the index field and reserved array (which in the
future may contain writable properties) of a v412_audioout structure and call the
VIDIOC_S_AUDOUT ioctl. Drivers switch to the requested output or return the
EINVAL error code when the index is out of bounds. This is a write-only ioctl, it
does not return the current audio output attributes as VIDIOC_G_AUDOUT does.

Note connectors on a TV card to loop back the received audio signal to a sound card
are not audio outputs in this sense.

Table A-1. struct v412_audioout

_u32 index Identifies the audio output, set by the
driver or application.

_u8 name|32] Name of the audio output, a
NUL-terminated ASCII string, for
example: "Line Out". This information
is intended for the user, preferably the
connector label on the device itself.

_u32 capability Audio capability flags, none defined yet.
Drivers must set this field to zero.

_u32 mode Audio mode, none defined yet. Drivers
and applications (on
VIDIOC_S_AUDOUT) must set this field
to zero.

_u32 reserved|2] Reserved for future extensions. Drivers
and applications must set the array to
Zero.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

No audio outputs combine with the current video output, or the number of the
selected audio output is out of bounds or it does not combine, or there are no
audio outputs at all and the ioctl is not supported.

EBUSY

I/O is in progress, the output cannot be switched.

ioctl VIDIOC_G_CROP, VIDIOC_S_CROP

Name

VIDIOC_G_CROP, VIDIOC_S_CROP — Get or set the current cropping
rectangle

Synopsis

int ioctl (int fd, int request, struct v41l2_crop xargp);

int ioectl (int fd, int request, const struct v41l2_crop =*argp);

Arguments

£d

File descriptor returned by open ().
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request

VIDIOC_G_CROP, VIDIOC_S_CROP

argp

Description

To query the cropping rectangle size and position applications set the type field of
a v412_crop structure to the respective buffer (stream) type and call the
VIDIOC_G_CROP ioctl with a pointer to this structure. The driver fills the rest of the
structure or returns the EINVAL error code if cropping is not supported.

To change the cropping rectangle applications initialize the t ype and
struct v412_rect substructure named c of a v412_crop structure and call the
VIDIOC_S_CROP ioctl with a pointer to this structure.

The driver first adjusts the requested dimensions against hardware limits, i. e. the
bounds given by the capture/output window, and it rounds to the closest possible
values of horizontal and vertical offset, width and height. In particular the driver
must round the vertical offset of the cropping rectangle to frame lines modulo two,
such that the field order cannot be confused.

Second the driver adjusts the image size (the opposite rectangle of the scaling
process, source or target depending on the data direction) to the closest size possible
while maintaining the current horizontal and vertical scaling factor.

Finally the driver programs the hardware with the actual cropping and image
parameters. VIDIOC_S_CROP is a write-only ioctl, it does not return the actual
parameters. To query them applications must call vIDIOC_G_CROP and
VIDIOC_G_FMT. When the parameters are unsuitable the application may modify
the cropping or image parameters and repeat the cycle until satisfactory parameters
have been negotiated.

When cropping is not supported then no parameters are changed and
VIDIOC_S_CROP returns the EINVAL error code.

Table A-1. struct v412_crop
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enum v412_buf_type type Type of the data stream, set by the
application. Only these types are valid
here:
V4L2_BUF_TYPE_VIDEO_CAPTURE,
V4L2_BUF_TYPE_VIDEO_OUTPUT,
V4L2_BUF_TYPE_VIDEO_OVERLAY,
and custom (driver defined) types with
code V4L2_BUF_TYPE_PRIVATE and
higher.

struct v412_rect c Cropping rectangle. The same
co-ordinate system as for
struct v412_cropcap bounds is used.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

Cropping is not supported.

ioctl VIDIOC_G_CTRL, VIDIOC_S_CTRL

Name

VIDIOC_G_CTRL, VIDIOC_S_CTRL — Get or set the value of a control

Synopsis

int ioctl (int fd, int request, struct v412_control =xargp);
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Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_CTRL, VIDIOC_S_CTRL

argp

Description

To get the current value of a control applications initialize the id field of a struct
v412_control and call the vIDTOC_G_CTRL ioctl with a pointer to this structure. To
change the value of a control applications initialize the id and value fields of a
struct v412_control and call the vIDIOC_S_CTRL ioctl.

When the id is invalid drivers return an EINVAL error code. When the valueis
out of bounds drivers can choose to take the closest valid value or return an
ERANGE error code, whatever seems more appropriate. However,
VIDIOC_S_CTRL is a write-only ioctl, it does not return the actual new value.

These ioctls work only with user controls. For other control classes the
VIDIOC_G_EXT_CTRLS, VIDIOC_S_EXT_CTRLS or VIDIOC_TRY_EXT_CTRLS
must be used.

Table A-1. struct v412_control

_u32 id Identifies the control, set by the
application.
832 value New value or current value.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_control id is invalid.
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ERANGE

The struct v412_control value is out of bounds.

EBUSY

The control is temporarily not changeable, possibly because another
applications took over control of the device function this control belongs to.

ioctl VIDIOC_G_DV_PRESET,
VIDIOC_S DV _PRESET

Name

VIDIOC_G_DV_PRESET, VIDIOC_S_DV_PRESET — Query or select the DV
preset of the current input or output

Synopsis

int ioctl (int fd, int request, struct v41l2_dv_preset xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_DV_PRESET, VIDIOC_S_DV_PRESET

argp
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Description

To query and select the current DV preset, applications use the
VIDIOC_G_DV_PRESET and VIDIOC_S_DV_PRESET ioctls which take a pointer to
a struct v412_dv_preset type as argument. Applications must zero the reserved array
in struct v412_dv_preset. VIDIOC_G_DV_PRESET returns a dv preset in the field
preset of struct v412_dv_preset.

VIDIOC_S_DV_PRESET accepts a pointer to a struct v412_dv_preset that has the
preset value to be set. Applications must zero the reserved array in

struct v412_dv_preset. If the preset is not supported, it returns an EINVAL error
code

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

This ioctl is not supported, or the
VIDIOC_S_DV_PRESET,VIDIOC_S_DV_PRESET parameter was unsuitable.

EBUSY

The device is busy and therefore can not change the preset.

Table A-1. struct v412_dv_preset
_u32 preset Preset value to represent the digital

video timings
_u32 reserved/[4] Reserved fields for future use

ioctl VIDIOC_G_DV_TIMINGS,
VIDIOC_S_DV_TIMINGS

Name

VIDIOC_G_DV_TIMINGS, VIDIOC_S_DV_TIMINGS — Get or set custom
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260

DV timings for input or output

Synopsis

int ioctl (int fd, int request, struct v41l2_dv_timings =*argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_DV_TIMINGS, VIDIOC_S_DV_TIMINGS

argp

Description

To set custom DV timings for the input or output, applications use the
VIDIOC_S_DV_TIMINGS ioctl and to get the current custom timings, applications
use the VIDIOC_G_DV_TIMINGS ioctl. The detailed timing information is filled in
using the structure struct v412_dv_timings. These ioctls take a pointer to the

struct v412_dv_timings structure as argument. If the ioctl is not supported or the
timing values are not correct, the driver returns EINVAL error code.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

This ioctl is not supported, or the VIDIOC_S_DV_TIMINGS parameter was
unsuitable.
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The device is busy and therefore can not change the timings.

Table A-1. struct v412_bt_timings

_u32
_u32
_u32
_u32

_u64

_u32
_u32
_u32
_u32
_u32
_—u32
_u32

_u32

_u32

width
height
interlaced

polarities

pixelclock

hfrontporch
hsync
hbackporch
vfrontporch
vsync

vbackporch

il _vfrontporch

il _vsync

il_vbackporch

Table A-2. struct v412_dv_timings

_u32

union

type

Width of the active video in pixels
Height of the active video in lines
Progressive (0) or interlaced (1)

This is a bit mask that defines polarities
of sync signals. bit O
(V4L2_DV_VSYNC_POS_POL) is for
vertical sync polarity and bit 1
(V4L2_DV_HSYNC_POS_POL) is for
horizontal sync polarity. If the bit is set
(1) it is positive polarity and if is cleared
(0), it is negative polarity.

Pixel clock in Hz. Ex.
74.25MHz->74250000

Horizontal front porch in pixels
Horizontal sync length in pixels
Horizontal back porch in pixels
Vertical front porch in lines

Vertical sync length in lines

Vertical back porch in lines

Vertical front porch in lines for bottom
field of interlaced field formats

Vertical sync length in lines for bottom
field of interlaced field formats

Vertical back porch in lines for bottom
field of interlaced field formats

Type of DV
timings as
listed in Table
A-3.
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struct v412_bt_timings Timings
defined by
BT.656/1120
specifications
_u32 reserved|32]

Table A-3. DV Timing types

Timing type value Description

V4L2_DV_BT_656_0120 BT.656/1120 timings

ioctl VIDIOC_G_ENC_INDEX

Name

VIDIOC_G_ENC_INDEX — Get meta data about a compressed video stream

Synopsis

int ioctl (int fd, int request, struct v41l2_enc_idx xargp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_ENC_INDEX
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argp

Description

Experimental: This is an experimental interface and may change in the future.

The vIDIOC_G_ENC_INDEX ioctl provides meta data about a compressed video
stream the same or another application currently reads from the driver, which is
useful for random access into the stream without decoding it.

To read the data applications must call vVIDIOC_G_ENC_INDEX with a pointer to a
struct v412_enc_idx. On success the driver fills the ent ry array, stores the number
of elements written in the ent ries field, and initializes the entries_cap field.

Each element of the ent ry array contains meta data about one picture. A
VIDIOC_G_ENC_INDEX call reads up to V4L2_ENC_IDX_ENTRIES entries from a
driver buffer, which can hold up to entries_cap entries. This number can be
lower or higher than v41L2_ENC_IDX_ENTRIES, but not zero. When the application
fails to read the meta data in time the oldest entries will be lost. When the buffer is
empty or no capturing/encoding is in progress, entries will be zero.

Currently this ioctl is only defined for MPEG-2 program streams and video
elementary streams.

Table A-1. struct v412_enc_idx

_u32 entries The number of entries the driver stored
in the ent ry array.

_u32 entries_cap The number of entries the driver can
buffer. Must be greater than zero.

_u32

Reserved for future extensions. Drivers must set the array to zero.

struct v412_enc_idx_entty y[v41.2_ENC_IMetadatmtolt a compressed video
stream. Each element of the array
corresponds to one picture, sorted in
ascending order by their offset.

Table A-2. struct v412_enc_idx_entry
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_u64 offset
__u6b4 pts

_u32 length
_u32 flags
_u32 reserved|2]

Table A-3. Index Entry Flags

V4L2_ENC_IDX_FRAME_I 0x00
V412 ENC_IDX FRAME P 0x01
V412 ENC_IDX FRAME B 0x02

V4L2_ENC_IDX_ FRAME_ MASK 0xOF

Return Value

The offset in bytes from the beginning
of the compressed video stream to the
beginning of this picture, that is a PES
packet header as defined in

ISO 13818-1 or a picture header as
defined in ISO 13818-2. When the
encoder is stopped, the driver resets the
offset to zero.

The 33 bit Presentation Time Stamp of
this picture as defined in ISO 13818-1.
The length of this picture in bytes.
Flags containing the coding type of this
picture, see Table A-3.

Reserved for future extensions. Drivers
must set the array to zero.

This is an Intra-coded picture.

This is a Predictive-coded picture.
This is a Bidirectionally
predictive-coded picture.

AND the flags field with this mask to
obtain the picture coding type.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The driver does not support this ioctl.

ioctl VIDIOC_G_EXT_CTRLS,
VIDIOC_S_EXT CTRLS,
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VIDIOC_TRY_EXT_CTRLS

Name

VIDIOC_G_EXT_CTRLS, VIDIOC_S_EXT_ CTRLS,
VIDIOC_TRY_EXT_CTRLS — Get or set the value of several controls, try control
values

Synopsis

int ioctl (int fd, int request, struct v41l2_ext_controls
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_EXT_CTRLS, VIDIOC_S_EXT_CTRLS,
VIDIOC_TRY_EXT_CTRLS

argp

Description

These 1octls allow the caller to get or set multiple controls atomically. Control IDs
are grouped into control classes (see Table A-3) and all controls in the control array
must belong to the same control class.

Applications must always fill in the count, ctri_class, controls and
reserved fields of struct v412_ext_controls, and initialize the
struct v412_ext_control array pointed to by the controls fields.
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To get the current value of a set of controls applications initialize the id, size and
reserved?2 fields of each struct v412_ext_control and call the
VIDIOC_G_EXT_CTRLS ioctl. String controls controls must also set the string
field.

If the size is too small to receive the control result (only relevant for pointer-type
controls like strings), then the driver will set size to a valid value and return an
ENOSPC error code. You should re-allocate the string memory to this new size and
try again. It is possible that the same issue occurs again if the string has grown in
the meantime. It is recommended to call VIDIOC_QUERYCTRL first and use
maximum+1 as the new size value. It is guaranteed that that is sufficient memory.

To change the value of a set of controls applications initialize the id, size,
reserved2 and value/string fields of each struct v412_ext_control and call the
VIDIOC_S_EXT_CTRLS ioctl. The controls will only be set if all control values are
valid.

To check if a set of controls have correct values applications initialize the id, size,
reserved? and value/string fields of each struct v412_ext_control and call the
VIDIOC_TRY_EXT_CTRLS ioctl. It is up to the driver whether wrong values are
automatically adjusted to a valid value or if an error is returned.

When the id or ctri_class is invalid drivers return an EINVAL error code. When
the value is out of bounds drivers can choose to take the closest valid value or return
an ERANGE error code, whatever seems more appropriate. In the first case the new
value is set in struct v412_ext_control.

The driver will only set/get these controls if all control values are correct. This
prevents the situation where only some of the controls were set/get. Only low-level
errors (e. g. a failed i2c command) can still cause this situation.

Table A-1. struct v412_ext_control

_u32 id Identifies the control, set by the
application.
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_u32 size The total size in bytes of the
payload of this control. This is
normally 0, but for pointer
controls this should be set to the
size of the memory containing
the payload, or that will receive
the payload. If
VIDIOC_G_EXT_CTRLS finds
that this value is less than is
required to store the payload
result, then it is set to a value
large enough to store the
payload result and ENOSPC is
returned. Note that for string
controls this size field should
not be confused with the length
of the string. This field refers to
the size of the memory that
contains the string. The actual
length of the string may well be
much smaller.

_u32 reserved2[1] Reserved for future extensions.
Drivers and applications must
set the array to zero.

union (anonymous)
_s32 value New value or current value.
__s64 valueé64 New value or current value.
char * string A pointer to a string.

Table A-2. struct v412_ext_controls

_u32 ctrl class The control class to which all controls
belong, see Table A-3.
_u32 count The number of controls in the controls

array. May also be zero.

_u32 error_idx Set by the driver in case of an error. It is
the index of the control causing the error
or equal to ’count’ when the error is not
associated with a particular control.
Undefined when the ioctl returns 0
(success).

267



Appendix A. Function Reference

268

_u32 reserved|2] Reserved for future extensions. Drivers
and applications must set the array to
Zero.

struct v412_ext_controbntrols Pointer to an array of count

* v412_ext_control structures. Ignored if

count equals zero.

Table A-3. Control classes

V4L2_CTRL_CLASS_USER 0x980000 The class containing user controls.
These controls are described in Section
1.8. All controls that can be set using the
VIDIOC_S_CTRL and VIDIOC_G_CTRL
ioctl belong to this class.

V4L2_CTRL_CLASS_MPEG 0x990000 The class containing MPEG
compression controls. These controls
are described in Section 1.9.5.

V4L2_CTRL_CLASS_CAMERA 0x9a0000 The class containing camera controls.
These controls are described in Section
1.9.6.

V4L2_CTRL_CLASS_FM_Tx  0x9b0000 The class containing FM Transmitter
(FM TX) controls. These controls are
described in Section 1.9.7.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_ext_control id is invalid or the struct v412_ext_controls
ctrl_classis invalid. This error code is also returned by the
VIDIOC_S_EXT_CTRLS and VIDIOC_TRY_EXT_CTRLS ioctls if two or more
control values are in conflict.

ERANGE

The struct v412_ext_control value is out of bounds.

EBUSY
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The control is temporarily not changeable, possibly because another
applications took over control of the device function this control belongs to.

ENOSPC

The space reserved for the control’s payload is insufficient. The field size is
set to a value that is enough to store the payload and this error code is returned.

ioctl VIDIOC_G_FBUF, VIDIOC_S_FBUF

Name

VIDIOC_G_FBUF, VIDIOC_S_FBUF — Get or set frame buffer overlay
parameters

Synopsis

int ioctl (int fd, int request, struct v412_framebuffer xargp);

int ioectl (int fd, int request, const struct v41l2_framebuffer
*argp) ;

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_FBUF, VIDIOC_S_FBUF

argp
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Description

Applications can use the VIDIOC_G_FBUF and VIDIOC_S_FBUF ioctl to get and set
the framebuffer parameters for a Video Overlay or Video Output Overlay (OSD).
The type of overlay is implied by the device type (capture or output device) and can
be determined with the VIDIOC_QUERYCAP ioctl. One /dev/videoN device must
not support both kinds of overlay.

The V4L2 API distinguishes destructive and non-destructive overlays. A destructive
overlay copies captured video images into the video memory of a graphics card. A
non-destructive overlay blends video images into a VGA signal or graphics into a
video signal. Video Output Overlays are always non-destructive.

To get the current parameters applications call the VIDIOC_G_FBUF ioctl with a
pointer to a v412_framebuffer structure. The driver fills all fields of the structure or
returns an EINVAL error code when overlays are not supported.

To set the parameters for a Video Output Overlay, applications must initialize the
flags field of a struct v412_framebuffer. Since the framebuffer is implemented on
the TV card all other parameters are determined by the driver. When an application
calls vIDIOC_s_FBUF with a pointer to this structure, the driver prepares for the
overlay and returns the framebuffer parameters as VIDIOC_G_FBUF does, or it
returns an error code.

To set the parameters for a non-destructive Video Overlay, applications must
initialize the f1ags field, the fmt substructure, and call vIDIOC_S_FBUF. Again
the driver prepares for the overlay and returns the framebuffer parameters as
VIDIOC_G_FBUF does, or it returns an error code.

For a destructive Video Overlay applications must additionally provide a base
address. Setting up a DMA to a random memory location can jeopardize the system
security, its stability or even damage the hardware, therefore only the superuser can
set the parameters for a destructive video overlay.

Table A-1. struct v412_framebuffer

_u32 capability Overlay capability flags set by
the driver, see Table A-2.

_u32 flags Overlay control flags set by
application and driver, see Table
A-3

void * base Physical base address of the

framebuffer, that is the address
of the pixel in the top left corner
of the framebuffer..



struct v412_pix_fermat

_u32
_u32

_u32

width

height

pixelformat
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This field is irrelevant to
non-destructive Video Overlays.
For destructive Video Overlays
applications must provide a
base address. The driver may
accept only base addresses
which are a multiple of two,
four or eight bytes. For Video
Output Overlays the driver must
return a valid base address, so
applications can find the
corresponding Linux
framebuffer device (see Section
4.4).

Layout of the frame buffer. The
v412_pix_format structure is
defined in Chapter 2, for
clarification the fields and
acceptable values are listed
below:

Width of the frame buffer in
pixels.

Height of the frame buffer in
pixels.

The pixel format of the
framebuffer.

For non-destructive Video
Overlays this field only defines
a format for the

struct v412_window
chromakey field.

For destructive Video Overlays
applications must initialize this
field. For Video Output
Overlays the driver must return
a valid format.
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Usually this is an RGB format
(for example
V4L2_PIX_FMT_RGB565) but
YUYV formats (only packed
YUYV formats when chroma
keying is used, not including
V4L2_PIX_FMT_ YUYV and
V4L2_PIX_FMT_UYVY) and the
V4L2_PIX_FMT_PALS format
are also permitted. The behavior
of the driver when an
application requests a
compressed format is
undefined. See Chapter 2 for
information on pixel formats.

enum v412_field rield Drivers and applications shall
ignore this field. If applicable,
the field order is selected with
the VIDIOC_S_FMT ioctl, using
the field field of
struct v412_window.

_u32 bytesperline Distance in bytes between the
leftmost pixels in two adjacent
lines.
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This field is irrelevant to non-destructive Video Overlays.

For destructive Video Overlays both applications and drivers can set this field to
request padding bytes at the end of each line. Drivers however may ignore the
requested value, returning width times bytes-per-pixel or a larger value required
by the hardware. That implies applications can just set this field to zero to get a
reasonable default.

For Video Output Overlays the driver must return a valid value.

Video hardware may access padding bytes, therefore they must reside in
accessible memory. Consider for example the case where padding bytes after the
last line of an image cross a system page boundary. Capture devices may write
padding bytes, the value is undefined. Output devices ignore the contents of
padding bytes.

When the image format is planar the bytesperline value applies to the largest
plane and is divided by the same factor as the width field for any smaller planes.
For example the Cb and Cr planes of a YUV 4:2:0 image have half as many
padding bytes following each line as the Y plane. To avoid ambiguities drivers
must return a bytesperline value rounded up to a multiple of the scale factor.

_u32 sizeimage This field is irrelevant to
non-destructive Video
Overlays. For destructive Video
Overlays applications must
initialize this field. For Video
Output Overlays the driver
must return a valid format.
Together with base it defines
the framebuffer memory
accessible by the driver.

enum v412_colorspacerspace  This information supplements
the pixelformat and must be
set by the driver, see Section
2.4.

_u32 priv Reserved for additional
information about custom
(driver defined) formats. When
not used drivers and
applications must set this field
to zero.
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Notes:

a. A physical base address may not suit all platforms. GK notes in theory we
should pass something like PCI device + memory region + offset instead. If you
encounter problems please discuss on the linux-media mailing list:

http://www.linuxtv.org/lists.php.

Table A-2. Frame Buffer Capability Flags

V4L2_FBUF_CAP_EXTERNOVERXAO01

V412 FBUF_CAP_ CHROMAKEY 0x0002

V412 FBUF_CAP_LIST CLIPHXO004

V412 FBUF_CAP BITMAP CLIOxOOQR

V412 FBUF_CAP_LOCAIL_ALPIX0010

V412 FBUF_CAP_GLOBAL_ALBXA020

V412 FBUF_CAP_LOCAL_INV (Ox004@0

The device is capable of non-destructive
overlays. When the driver clears this
flag, only destructive overlays are
supported. There are no drivers yet
which support both destructive and
non-destructive overlays.

The device supports clipping by
chroma-keying the images. That is,
image pixels replace pixels in the VGA
or video signal only where the latter
assume a certain color. Chroma-keying
makes no sense for destructive overlays.
The device supports clipping using a list
of clip rectangles.

The device supports clipping using a bit
mask.

The device supports clipping/blending
using the alpha channel of the
framebuffer or VGA signal. Alpha
blending makes no sense for destructive
overlays.

The device supports alpha blending
using a global alpha value. Alpha
blending makes no sense for destructive
overlays.

The device supports clipping/blending
using the inverted alpha channel of the
framebuffer or VGA signal. Alpha
blending makes no sense for destructive
overlays.



VA4L2_ FBUF_CAP_ SRC_CHROMAXKBDO80

Table A-3. Frame Buffer Flags

V4L2_FBUF_FLAG_PRIMARY 0x0001

V4L2_ FBUF_FLAG_OVERLAY 0x0002
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The device supports Source
Chroma-keying. Framebuffer pixels with
the chroma-key colors are replaced by
video pixels, which is exactly opposite
of VAL2_FBUF_CAP_CHROMAKEY

The framebuffer is the primary graphics
surface. In other words, the overlay is
destructive. [?]

The frame buffer is an overlay surface
the same size as the capture. [?]

The purpose of V41L.2_FBUF_FLAG_PRIMARY and V4L2_FBUF_FLAG_OVERLAY
was never quite clear. Most drivers seem to ignore these flags. For compatibility
with the brtv driver applications should set the V41L.2_FBUF_FLAG_OVERLAY flag.

V412 FBUF_FLAG_CHROMAKEYx0004

Use chroma-keying. The chroma-key
color is determined by the chromakey
field of struct v412_window and
negotiated with the VIDIOC_S_FMT
1octl, see Section 4.2 and Section 4.4.

There are no flags to enable clipping using a list of clip rectangles or a bitmap.
These methods are negotiated with the vIDIOC_S_FMT ioctl, see Section 4.2 and

Section 4.4.
V412 FBUF_FLAG LOCAL_ALKKA00S

VA4L2_ FBUF_FLAG_GLOBAL AIxAA10

Use the alpha channel of the framebuffer
to clip or blend framebuffer pixels with
video images. The blend function is:
output = framebuffer pixel * alpha +
video pixel * (1 - alpha). The actual
alpha depth depends on the framebuffer
pixel format.

Use a global alpha value to blend the
framebuffer with video images. The
blend function is: output = (framebuffer
pixel * alpha + video pixel * (255 -
alpha)) / 255. The alpha value is
determined by the global alpha field
of struct v412_window and negotiated
with the VIDIOC_S_FMT ioctl, see
Section 4.2 and Section 4.4.
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V412 FBUF_FLAG _LOCAL_INOxR0268A Like

V4L2_ FBUF_FLAG_SRC_CHRONXKB#0

Return Value

V4L2_FBUF_FLAG_LOCAL_ALPHA, use
the alpha channel of the framebuffer to
clip or blend framebuffer pixels with
video images, but with an inverted alpha
value. The blend function is: output =
framebuffer pixel * (1 - alpha) + video
pixel * alpha. The actual alpha depth
depends on the framebuffer pixel
format.

Use source chroma-keying. The source
chroma-key color is determined by the
chromakey field of struct v412_window
and negotiated with the VIDIOC_S_FMT
ioctl, see Section 4.2 and Section 4.4.
Both chroma-keying are mutual
exclusive to each other, so same
chromakey field of struct v412_window
is being used.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EPERM

VIDIOC_S_FBUF can only be called by a privileged user to negotiate the

parameters for a destructive overlay.

EBUSY

The framebuffer parameters cannot be changed at this time because overlay is
already enabled, or capturing is enabled and the hardware cannot capture and

overlay simultaneously.

EINVAL

The ioctl is not supported or the VIDIOC_S_FBUF parameters are unsuitable.
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ioctl VIDIOC_G_FMT, VIDIOC_S_FMT,
VIDIOC_TRY_FMT

Name

VIDIOC_G_FMT, VIDIOC_S_FMT, VIDIOC_TRY_FMT — Get or set the
data format, try a format

Synopsis

int ioctl (int fd, int request, struct v41l2_format xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_FMT, VIDIOC_S_FMT, VIDIOC_TRY_FMT

argp

Description

These ioctls are used to negotiate the format of data (typically image format)
exchanged between driver and application.

To query the current parameters applications set the ¢ ype field of a struct
v412_format to the respective buffer (stream) type. For example video capture
devices use V4L2_BUF_TYPE_VIDEO_CAPTURE Or
V4L2_BUF_TYPE_VIDEO_CAPTURE_MPLANE. When the application calls the
VIDIOC_G_FMT ioctl with a pointer to this structure the driver fills the respective
member of the fmt union. In case of video capture devices that is either the
struct v412_pix_format pix or the struct v412_pix_format_mplane pix mp
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member. When the requested buffer type is not supported drivers return an EINVAL
error code.

To change the current format parameters applications initialize the type field and
all fields of the respective fmt union member. For details see the documentation of
the various devices types in Chapter 4. Good practice is to query the current
parameters first, and to modify only those parameters not suitable for the
application. When the application calls the vIDIOC_S_FMT ioctl with a pointer to a
v412_format structure the driver checks and adjusts the parameters against hardware
abilities. Drivers should not return an error code unless the input is ambiguous, this
is a mechanism to fathom device capabilities and to approach parameters acceptable
for both the application and driver. On success the driver may program the
hardware, allocate resources and generally prepare for data exchange. Finally the
VIDIOC_S_FMT ioctl returns the current format parameters as VIDIOC_G_FMT
does. Very simple, inflexible devices may even ignore all input and always return
the default parameters. However all V4L2 devices exchanging data with the
application must implement the VvIDIOC_G_FMT and VIDIOC_S_FMT ioctl. When
the requested buffer type is not supported drivers return an EINVAL error code on a
vIDIOC_S_FMT attempt. When I/O is already in progress or the resource is not
available for other reasons drivers return the EBUSY error code.

The viDIOoC_TRY_FMT ioctl is equivalent to VIDIOC_S_FMT with one exception: it
does not change driver state. It can also be called at any time, never returning
EBUSY. This function is provided to negotiate parameters, to learn about hardware
limitations, without disabling I/O or possibly time consuming hardware
preparations. Although strongly recommended drivers are not required to
implement this ioctl.

Table A-1. struct v412_ format

enum v412_buf_type type Type of the data
stream, see Table
3-3.
union fmt
struct v412_pix_format: x Definition of an

image format, see
Chapter 2, used by
video capture and
output devices.
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struct v412_pix_format; mplane Definition of an
image format, see
Chapter 2, used by
video capture and
output devices that
support the
multi-planar
version of the APIL.

struct v412_window win Definition of an
overlaid image, see
Section 4.2, used
by video overlay
devices.

struct v412_vbi_formatb 1 Raw VBI capture
or output
parameters. This is
discussed in more
detail in Section
4.7. Used by raw
VBI capture and
output devices.

struct v412_sliced_vbs format Sliced VBI capture
or output
parameters. See
Section 4.8 for
details. Used by
sliced VBI capture
and output devices.

_ul raw_data[200] Place holder for
future extensions
and custom (driver
defined) formats
with type
V4L2_BUF_TYPE_PRIVATE
and higher.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:
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EBUSY
The data format cannot be changed at this time, for example because I/O is
already in progress.

EINVAL

The struct v412_format t ype field is invalid, the requested buffer type not
supported, or VIDIOC_TRY_FMT was called and is not supported with this
buffer type.

ioctl VIDIOC_G_FREQUENCY,
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VIDIOC_S_FREQUENCY

Name

VIDIOC_G_FREQUENCY, VIDIOC_S_FREQUENCY — Get or set tuner or
modulator radio frequency

Synopsis

int ioctl (int fd, int request, struct v4l2_frequency xargp);

int ioctl (int fd, int request, const struct v41l2_frequency
*argp) ;

Arguments

fd

File descriptor returned by open ().
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request

VIDIOC_G_FREQUENCY, VIDIOC_S_FREQUENCY

argp

Description

To get the current tuner or modulator radio frequency applications set the tuner
field of a struct v412_frequency to the respective tuner or modulator number (only
input devices have tuners, only output devices have modulators), zero out the
reserved array and call the VIDIOC_G_FREQUENCY ioctl with a pointer to this
structure. The driver stores the current frequency in the frequency field.

To change the current tuner or modulator radio frequency applications initialize the
tuner, type and frequency fields, and the reserved array of a

struct v412_frequency and call the vIDIOC_S_FREQUENCY ioctl with a pointer to
this structure. When the requested frequency is not possible the driver assumes the
closest possible value. However vIDIOC_S_FREQUENCY is a write-only ioctl, it
does not return the actual new frequency.

Table A-1. struct v412_frequency

_u32 tuner The tuner or modulator index number.
This is the same value as in the
struct v412_input tuner field and the
struct v412_tuner index field, or the
struct v412_output modulator field and
the struct v412_modulator index field.

enum v412_tuner_typeype The tuner type. This is the same value as
in the struct v412_tuner ¢ ype field. The
field is not applicable to modulators, i. e.
ignored by drivers.

_u32 frequency Tuning frequency in units of 62.5 kHz,
or if the struct v412_tuner or
struct v412_modulator capabilities
flag v41L2_TUNER_CAP_LOW is set, in
units of 62.5 Hz.

_u32 reserved|8] Reserved for future extensions. Drivers
and applications must set the array to
Zero.

281



Appendix A. Function Reference

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The tuner index is out of bounds or the value in the type field is wrong.

ioctl VIDIOC_G_INPUT, VIDIOC_S_INPUT
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Name

VIDIOC_G_INPUT, VIDIOC_S_INPUT — Query or select the current video
input

Synopsis

int ioctl(int fd, int request, int =*argp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_INPUT, VIDIOC_S_INPUT

argp
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Description

To query the current video input applications call the VIDIOC_G_INPUT ioctl with a
pointer to an integer where the driver stores the number of the input, as in the

struct v412_input index field. This ioctl will fail only when there are no video
inputs, returning EINVAL.

To select a video input applications store the number of the desired input in an
integer and call the vIDIOC_S_INPUT ioctl with a pointer to this integer. Side
effects are possible. For example inputs may support different video standards, so
the driver may implicitly switch the current standard. It is good practice to select an
input before querying or negotiating any other parameters.

Information about video inputs is available using the VIDIOC_ENUMINPUT ioctl.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The number of the video input is out of bounds, or there are no video inputs at
all and this ioctl is not supported.

EBUSY

I/0 is in progress, the input cannot be switched.

ioctl VIDIOC_G_JPEGCOMP,
VIDIOC_S_JPEGCOMP

Name

VIDIOC_G_JPEGCOMP, VIDIOC_S_JPEGCOMP —
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Synopsis

int ioctl (int fd, int request, v4l2_jpegcompression xargp);

int ioctl (int fd, int request, const v4l2_jpegcompression
*argp) ;

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_JPEGCOMP, VIDIOC_S_JPEGCOMP

argp

Description
[to do]

Ronald Bultje elaborates:

APP is some application-specific information. The application can set it itself, and
it’ll be stored in the JPEG-encoded fields (eg; interlacing information for in an AVI
or so). COM is the same, but it’s comments, like ’encoded by me’ or so.

jpeg_markers describes whether the huffman tables, quantization tables and the
restart interval information (all JPEG-specific stuff) should be stored in the
JPEG-encoded fields. These define how the JPEG field is encoded. If you omit
them, applications assume you’ve used standard encoding. You usually do want to
add them.

Table A-1. struct v412_jpegcompression

int quality
nt APPn



int APP_len

char APP_datal60]
int COM_len

char coM_datal60]
_u32 jpeqg _markers

Table A-2. JPEG Markers Flags

V4L2_JPEG_MARKER_DHT
V4L2_JPEG_MARKER_DQT
V4L2_JPEG_MARKER_DRI
V4L2_JPEG_MARKER_COM
V4L2_JPEG_MARKER_APP

Return Value

(1<<3)
(1<<4)
(1<<5)
(1<<6)
(1<<7)
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See Table A-2.

Define Huffman Tables
Define Quantization Tables
Define Restart Interval
Comment segment

App segment, driver will always use
APPO

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

This ioctl is not supported.

ioctl VIDIOC_G_MODULATOR,
VIDIOC_S MODULATOR

Name

VIDIOC_G_MODULATOR, VIDIOC_S_MODULATOR — Get or set modulator

attributes
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Synopsis

int ioctl (int fd, int request, struct v412_modulator xargp);

int ioctl (int fd, int request, const struct v412_modulator
*argp) ;

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_MODULATOR, VIDIOC_S_MODULATOR

argp

Description

To query the attributes of a modulator applications initialize the i ndex field and
zero out the reserved array of a struct v412_modulator and call the
VIDIOC_G_MODULATOR ioctl with a pointer to this structure. Drivers fill the rest of
the structure or return an EINVAL error code when the index is out of bounds. To
enumerate all modulators applications shall begin at index zero, incrementing by
one until the driver returns EINVAL.

Modulators have two writable properties, an audio modulation set and the radio
frequency. To change the modulated audio subprograms, applications initialize the
index and txsubchans fields and the reserved array and call the
VIDIOC_S_MODULATOR ioctl. Drivers may choose a different audio modulation if
the request cannot be satisfied. However this is a write-only ioctl, it does not return
the actual audio modulation selected.

To change the radio frequency the VIDIOC_S_FREQUENCY ioctl is available.



Table A-1. struct v412_modulator

_u32

__u8

_u32

_u32

_u32

_u32

_u32

index

name[32]

capability

rangelow

rangehigh

txsubchans

reserved|4]
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Identifies the modulator, set by the
application.

Name of the modulator, a
NUL-terminated ASCII string. This
information is intended for the user.
Modulator capability flags. No flags are
defined for this field, the tuner flags in
struct v412_tuner are used accordingly.
The audio flags indicate the ability to
encode audio subprograms. They will
not change for example with the current
video standard.

The lowest tunable frequency in units of
62.5 KHz, or if the capability flag
V4L2_TUNER_CAP_LOW is set, in units
of 62.5 Hz.

The highest tunable frequency in units
of 62.5 KHz, or if the capability flag
V4L2_TUNER_CAP_LOW iS set, in units
of 62.5 Hz.

With this field applications can
determine how audio sub-carriers shall
be modulated. It contains a set of flags
as defined in Table A-2. Note the tuner
rxsubchans flags are reused, but the
semantics are different. Video output
devices are assumed to have an analog
or PCM audio input with 1-3 channels.
The txsubchans flags select one or
more channels for modulation, together
with some audio subprogram indicator,
for example a stereo pilot tone.
Reserved for future extensions. Drivers
and applications must set the array to
Zero.

Table A-2. Modulator Audio Transmission Flags
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V4L2_TUNER_SUB_MONO

V4L2_TUNER_SUB_STEREO

V4L2_TUNER_SUB_LANG1

V4L2_TUNER_SUB_LANG2

0x0001

0x0002

0x0008

0x0004

Modulate channel 1 as mono audio,
when the input has more channels, a
down-mix of channel 1 and 2. This flag
does not combine with
V4L2_TUNER_SUB_STEREO Or
V4L2_TUNER_SUB_LANGI.

Modulate channel 1 and 2 as left and
right channel of a stereo audio signal.
When the input has only one channel or
two channels and
V4L2_TUNER_SUB_SAP is also set,
channel 1 is encoded as left and right
channel. This flag does not combine
with V4L2_TUNER_SUB_MONO or
V4L2_TUNER_SUB_LANG1. When the
driver does not support stereo audio it
shall fall back to mono.

Modulate channel 1 and 2 as primary
and secondary language of a bilingual
audio signal. When the input has only
one channel it is used for both
languages. It is not possible to encode
the primary or secondary language only.
This flag does not combine with
V4L2_TUNER_SUB_MONO,
V4L2_TUNER_SUB_STEREO or
V4L2_TUNER_SUB_SAP. If the hardware
does not support the respective audio
matrix, or the current video standard
does not permit bilingual audio the
VIDIOC_S_MODULATOR ioctl shall
return an EINVAL error code and the
driver shall fall back to mono or stereo
mode.

Same effect as V412 TUNER_SUB_SAP.



V4L2_ TUNER_SUB_SAP 0x0004

V412 TUNER_SUB_RDS 0x0010

Return Value
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When combined with
V41L2_TUNER_SUB_MONO the first
channel is encoded as mono audio, the
last channel as Second Audio Program.
When the input has only one channel it
is used for both audio tracks. When the
input has three channels the mono track
is a down-mix of channel 1 and 2. When
combined with
V4L2_TUNER_SUB_STEREO channel 1
and 2 are encoded as left and right stereo
audio, channel 3 as Second Audio
Program. When the input has only two
channels, the first is encoded as left and
right channel and the second as SAP.
When the input has only one channel it
is used for all audio tracks. It is not
possible to encode a Second Audio
Program only. This flag must combine
with V41L.2_ TUNER_SUB_MONO or
V4L2_TUNER_SUB_STEREO. If the
hardware does not support the respective
audio matrix, or the current video
standard does not permit SAP the
VIDIOC_S_MODULATOR ioctl shall
return an EINVAL error code and driver
shall fall back to mono or stereo mode.

Enable the RDS encoder for a radio FM
transmitter.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_modulator i ndex is out of bounds.
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ioctl VIDIOC_G_OUTPUT, VIDIOC_S_OUTPUT
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Name

VIDIOC_G_OUTPUT, VIDIOC_S_OUTPUT — Query or select the current
video output

Synopsis

int ioctl (int fd, int request, int =xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_OUTPUT, VIDIOC_S_OUTPUT

argp

Description

To query the current video output applications call the vIDIOC_G_0OUTPUT ioctl
with a pointer to an integer where the driver stores the number of the output, as in
the struct v412_output index field. This ioctl will fail only when there are no video
outputs, returning the EINVAL error code.

To select a video output applications store the number of the desired output in an
integer and call the vIDIOC_sS_oUTPUT ioctl with a pointer to this integer. Side
effects are possible. For example outputs may support different video standards, so
the driver may implicitly switch the current standard. It is good practice to select an
output before querying or negotiating any other parameters.

Information about video outputs is available using the VIDIOC_ENUMOUTPUT ioctl.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The number of the video output is out of bounds, or there are no video outputs
at all and this ioctl is not supported.

EBUSY

I/0O is in progress, the output cannot be switched.

VIDIOC_G_PARM, VIDIOC_S_PARM

Name

VIDIOC_G_PARM, VIDIOC_S_PARM— Get or set streaming parameters

Synopsis

int ioctl(int fd, int request, v41l2_streamparm *argp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_PARM, VIDIOC_S_PARM

argp
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Description

The current video standard determines a nominal number of frames per second. If
less than this number of frames is to be captured or output, applications can request
frame skipping or duplicating on the driver side. This is especially useful when
using the read () or write (), which are not augmented by timestamps or
sequence counters, and to avoid unnecessary data copying.

Further these ioctls can be used to determine the number of buffers used internally
by a driver in read/write mode. For implications see the section discussing the
read () function.

To get and set the streaming parameters applications call the vIDIOC_G_PARM and
VIDIOC_S_PARM ioctl, respectively. They take a pointer to a struct
v412_streamparm which contains a union holding separate parameters for input and
output devices.

Table A-1. struct v412_streamparm

enum v412_buf_typee The buffer (stream) type, same
as struct v412_format t ype, set
by the application.
union parm
struct v412_captureparnre Parameters for capture devices,

used when type is
V4L2_BUF_TYPE_VIDEO_CAPTURE.

struct v412_outputpanm ¢ Parameters for output devices,
used when t ype is
V4L2_BUF_TYPE_VIDEO_OUTPUT.

_ul raw_data[200] A place holder for future
extensions and custom (driver
defined) buffer types
V4L2_BUF_TYPE_PRIVATE
and higher.

Table A-2. struct v412_captureparm

_u32 capability See Table A-4.
_u32 capturemode Set by drivers and applications, see
Table A-5.
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struct v412_fract

_—u32

_u32

_u32

timeperframe

extendedmode

readbuffers

reserved|4]
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This is is the desired period between
successive frames captured by the
driver, in seconds. The field is intended
to skip frames on the driver side, saving
I/O bandwidth.

Applications store here the desired
frame period, drivers return the actual
frame period, which must be greater or
equal to the nominal frame period
determined by the current video
standard (struct v412_standard
frameperiod field). Changing the
video standard (also implicitly by
switching the video input) may reset
this parameter to the nominal frame
period. To reset manually applications
can just set this field to zero.

Drivers support this function only when
they set the
V4L2_CAP_TIMEPERFRAME flag in the
capability field.

Custom (driver specific) streaming
parameters. When unused, applications
and drivers must set this field to zero.
Applications using this field should
check the driver name and version, see
Section 1.2.

Applications set this field to the desired
number of buffers used internally by the
driver in read () mode. Drivers return
the actual number of buffers. When an
application requests zero buffers, drivers
should just return the current setting
rather than the minimum or an error
code. For details see Section 3.1.
Reserved for future extensions. Drivers
and applications must set the array to
zZero.

293



Appendix A. Function Reference

Table A-3. struct v412_outputparm

_u32 capability See Table A-4.
_u32 outputmode Set by drivers and applications, see
Table A-5.

struct v412_fract timeperframe This is is the desired period between
successive frames output by the driver,
in seconds.
The field is intended to repeat frames on the driver side in write () mode (in
streaming mode timestamps can be used to throttle the output), saving 1/0
bandwidth.
Applications store here the desired frame period, drivers return the actual frame
period, which must be greater or equal to the nominal frame period determined by
the current video standard (struct v412_standard frameperiod field). Changing
the video standard (also implicitly by switching the video output) may reset this
parameter to the nominal frame period. To reset manually applications can just set
this field to zero.

Drivers support this function only when they set the V4L2_CAP_TIMEPERFRAME
flag in the capability field.

_u32 extendedmode Custom (driver specific) streaming
parameters. When unused, applications
and drivers must set this field to zero.
Applications using this field should
check the driver name and version, see
Section 1.2.

_u32 writebuffers Applications set this field to the desired
number of buffers used internally by the
driver in write () mode. Drivers return
the actual number of buffers. When an
application requests zero buffers, drivers
should just return the current setting
rather than the minimum or an error
code. For details see Section 3.1.

_u32 reserved|4] Reserved for future extensions. Drivers
and applications must set the array to
zZero.

Table A-4. Streaming Parameters Capabilites
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v4L2_CAP_TIMEPERFRAME O0x1000 The frame skipping/repeating controlled
by the t imeperframe field is
supported.

Table A-5. Capture Parameters Flags
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V4L2_MODE_HIGHQUALITY

0x0001

High quality imaging mode. High
quality mode is intended for still
imaging applications. The idea is to get
the best possible image quality that the
hardware can deliver. It is not defined
how the driver writer may achieve that;
it will depend on the hardware and the
ingenuity of the driver writer. High
quality mode is a different mode from
the the regular motion video capture
modes. In high quality mode:+ The
driver may be able to capture higher
resolutions than for motion capture.

« The driver may support fewer

pixel formats than motion capture

(eg; true color).

+ The driver may capture and
arithmetically combine multiple
successive fields or frames to remove
color edge artifacts and reduce the
noise in the video data.

+ The driver may capture images in
slices like a scanner in order to
handle larger format images than
would otherwise be possible.

« An image capture operation may
be significantly slower than motion
capture.

« Moving objects in the image might
have excessive motion blur.

« Capture might only work through
the read () call.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

This ioctl is not supported.

ioctl VIDIOC_G_PRIORITY,
VIDIOC_S_PRIORITY

Name

VIDIOC_G_PRIORITY, VIDIOC_S_PRIORITY — Query or request the
access priority associated with a file descriptor

Synopsis

int ioctl (int fd, int request, enum v4l2_priority =*argp);

int ioctl (int fd, int request, const enum v41l2_priority
*argp) ;

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_PRIORITY, VIDIOC_S_PRIORITY
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argp

Pointer to an enum v412_priority type.

Description

To query the current access priority applications call the VIDIOC_G_PRIORITY
ioctl with a pointer to an enum v412_priority variable where the driver stores the

current priority.

To request an access priority applications store the desired priority in an enum
v412_priority variable and call vIDIOC_S_PRIORITY ioctl with a pointer to this

variable.

Table A-1. enum v412_priority

V4L2_PRIORITY_UNSET 0
V4L2_PRIORITY_BACKGROUNI

V4L2_PRIORITY_ INTERACTIVE

V4L2_PRIORITY DEFAULT 2

V4L2_PRIORITY_RECORD 3

Lowest priority, usually applications
running in background, for example
monitoring VBI transmissions. A proxy
application running in user space will be
necessary if multiple applications want
to read from a device at this priority.

Medium priority, usually applications
started and interactively controlled by
the user. For example TV viewers,
Teletext browsers, or just "panel”
applications to change the channel or
video controls. This is the default
priority unless an application requests
another.

Highest priority. Only one file descriptor
can have this priority, it blocks any other
fd from changing device properties.
Usually applications which must not be
interrupted, like video recording.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The requested priority value is invalid, or the driver does not support access
priorities.

EBUSY

Another application already requested higher priority.

VIDIOC_G_SLICED_VBI_CAP

Name

VIDIOC_G_SLICED_VBI_CAP — Query sliced VBI capabilities

Synopsis

int ioctl (int fd, int request, struct v412_sliced_vbi_cap
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_SLICED_VBI_CAP

argp
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Description

To find out which data services are supported by a sliced VBI capture or output
device, applications initialize the t ype field of a struct v412_sliced_vbi_cap, clear
the reserved array and call the vIDIOC_G_SLICED_VBI_CAP ioctl. The driver
fills in the remaining fields or returns an EINVAL error code if the sliced VBI API

is unsupported or type is invalid.

Note the type field was added, and the ioctl changed from read-only to write-read,

in Linux 2.6.19.

Table A-1. struct v412_sliced_vbi_cap

_ul6 service_set A set of all data services supported by
the driver. Equal to the union of all
elements of the service lines
array.

_ulé6 service_lines[2][Bd¢h element of this array contains a set

300

of data services the hardware can look
for or insert into a particular scan line.
Data services are defined in Table A-2.
Array indices map to ITU-R line
numbers (see also Figure 4-2 and Figure
4-3) as follows:

Element 525 line 625 line

systems systems
service_lines[0][1] 1
service_lines[@}23] 23
service_lines[26fl] 314
service_lines[2§@3] 336



enum v412_buf_type type

_u32

reserved|3]

Table A-2. Sliced VBI services

Symbol
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The number of VBI lines the hardware
can capture or output per frame, or the
number of services it can identify on a
given line may be limited. For example
on PAL line 16 the hardware may be
able to look for a VPS or Teletext signal,
but not both at the same time.
Applications can learn about these limits
using the VIDIOC_S_FMT ioctl as
described in Section 4.8.

Drivers must set service 1ines[0][0]
and service_lines[1][0] to zero.

Type of the

data stream,

see Table

3-3. Should

be
V41L2_BUF_TYPE_SLICED_VBI_CAPTURE
or
V4L2_BUF_TYPE_SLICED_VBI_OUTPUT.

This array is reserved for future
extensions. Applications and drivers
must set it to zero.

Value Referenckines, usually Payload

v4L2_SLICED_ TELEEBEXO1B ETS 300 708 L/SECAM line Last 42 of the 45
ITU BT.653-22, 320-335 byte Teletext

(Teletext System
B)

(second field 7-22) packet, that is
without clock
run-in and framing
code, Isb first
transmitted.
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ioctl

302

Symbol Value

Referenckines, usually

V4L2_SLICED_VPS 0x0400 ETS 3002PAL line 16

v4L2_SLICED_caAPTI(0625 EIA 608- NTSC line 21, 284

V4L2_ SLICED_ WSS 02900

V4L2_ SLICED_VBI (1900

VA4L2_SLICED_VBI Ox2g01

Return Value

B (second field 21)

EN 300 29RAL/SECAM line
ITUBT.112%

Payload

Byte number 3 to
15 according to
Figure 9 of

ETS 300 231, Isb
first transmitted.
Two bytes in
transmission order,
including parity bit,

Isb first

transmitted.

Byte 0

msb 1lsb msb
Bit 7 6 54 3 2 10

Set of services applicable to 525 line systems.

Set of services applicable to 625 line systems.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The device does not support sliced VBI capturing or output, or the value in the

type field is wrong.

VIDIOC_G_STD, VIDIOC _S_STD

Name

VIDIOC_G_STD, VIDIOC_S_STD — Query or select the video standard of the

current input
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Synopsis

int ioctl (int fd, int request, v412_std_id =*argp);

int ioctl (int fd, int request, const v41l2_std_id *argp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_G_STD, VIDIOC_S_STD

argp

Description

To query and select the current video standard applications use the VIDIOC_G_STD
and VIDIOC_S_STD ioctls which take a pointer to a v412_std_id type as argument.
VIDIOC_G_STD can return a single flag or a set of flags as in struct v412_standard
field id. The flags must be unambiguous such that they appear in only one
enumerated v412_standard structure.

VIDIOC_S_STD accepts one or more flags, being a write-only ioctl it does not
return the actual new standard as vIDIOC_G_STD does. When no flags are given or
the current input does not support the requested standard the driver returns an
EINVAL error code. When the standard set is ambiguous drivers may return
EINVAL or choose any of the requested standards.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:
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EINVAL

This ioctl is not supported, or the VIDIOC_S_STD parameter was unsuitable.

EBUSY

The device is busy and therefore can not change the standard

ioctl VIDIOC_G_TUNER, VIDIOC_S_TUNER

Name

VIDIOC_G_TUNER, VIDIOC_S_TUNER — Get or set tuner attributes
Synopsis

int ioctl (int fd, int request, struct v41l2_tuner xargp);

int ioctl (int fd, int request, const struct v412_tuner xargp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_G_TUNER, VIDIOC_S_TUNER

argp

304



Appendix A. Function Reference
Description

To query the attributes of a tuner applications initialize the index field and zero out
the reserved array of a struct v412_tuner and call the VIDIOC_G_TUNER ioctl with
a pointer to this structure. Drivers fill the rest of the structure or return an EINVAL
error code when the index is out of bounds. To enumerate all tuners applications
shall begin at index zero, incrementing by one until the driver returns EINVAL.

Tuners have two writable properties, the audio mode and the radio frequency. To
change the audio mode, applications initialize the i ndex, audmode and reserved
fields and call the vIDI0OC_S_TUNER ioctl. This will not change the current tuner,
which is determined by the current video input. Drivers may choose a different
audio mode if the requested mode is invalid or unsupported. Since this is a
write-only ioctl, it does not return the actually selected audio mode.

To change the radio frequency the VIDIOC_S_FREQUENCY ioctl is available.

Table A-1. struct v412_tuner

_u32 index Identifies the tuner, set by the
application.
_u8 name[32] Name of the tuner, a NUL-terminated

ASCII string. This information is
intended for the user.

enum v412_tuner_type type Type of the tuner, see Table A-2.

_u32 capability Tuner capability flags, see Table A-3.
Audio flags indicate the ability to
decode audio subprograms. They will
not change, for example with the
current video standard.

When the structure refers to a radio
tuner only the v41.2_TUNER_CAP_LOW,
V4L2_TUNER_CAP_STEREO and
V4L2_TUNER_CAP_RDS flags can be
set.

_u32 rangelow The lowest tunable frequency in units of
62.5 kHz, or if the capability flag
V4L2_TUNER_CAP_LOW is set, in units
of 62.5 Hz.
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_u32

_u32

rangehigh

rxsubchans

The highest tunable frequency in units

of 62.5 kHz, or if the capability flag

V4L2_TUNER_CAP_LOW is set, in units

of 62.5 Hz.

Some tuners or audio decoders can

determine the received audio

subprograms by analyzing audio

carriers, pilot tones or other indicators.

To pass this information drivers set flags

defined in Table A-4 in this field. For

example:

V41L2_TUNER_SUB_Mer€iving mono
audio

STEREO | SAP receiving stereo
audio and a
secondary audio
program

MONO | STEREO  receiving mono or
stereo audio, the
hardware cannot
distinguish

LANGl | LANG2  receiving bilingual
audio

MONO | STEREO  receiving mono,

| LANG1 | stereo or bilingual

LANG2 audio

When the v41L.2_TUNER_CAP_STEREO,

_LANG1, _LANG2 or _SAP flagis

cleared in the capability field, the

corresponding V41L.2_TUNER_SUB_ flag

must not be set here.

This field is valid only if this is the

tuner of the current video input, or

when the structure refers to a radio

tuner.
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_u32 audmode The selected audio mode, see Table A-5
for valid values. The audio mode does
not affect audio subprogram detection,
and like a control it does not
automatically change unless the
requested mode is invalid or
unsupported. See Table A-6 for
possible results when the selected and
received audio programs do not match.
Currently this is the only field of struct
v412_tuner applications can change.

_u32 signal The signal strength if known, ranging
from 0 to 65535. Higher values indicate
a better signal.

_ 832 afc Automatic frequency control: When the
afc value is negative, the frequency is
too low, when positive too high.

_u32 reserved|4] Reserved for future extensions. Drivers
and applications must set the array to
zZero.

Table A-2. enum v412_tuner_type

V412 TUNER_RADIO 1
V4L2_TUNER_ANALOG_TV 2

Table A-3. Tuner and Modulator Capability Flags

V4L2_TUNER_CAP_LOW 0x0001  When set, tuning frequencies are
expressed in units of 62.5 Hz, otherwise
in units of 62.5 kHz.

307



Appendix A. Function Reference

V4L2_TUNER_CAP_NORM

V4L2_TUNER_CAP_STEREO
V4L2_TUNER_CAP_LANG1

V4L2_TUNER_CAP_LANG2

308

0x0002

0x0010
0x0040

0x0020

This is a multi-standard tuner; the video
standard can or must be switched. (B/G
PAL tuners for example are typically not
considered multi-standard because the
video standard is automatically
determined from the frequency band.)
The set of supported video standards is
available from the struct v412_input
pointing to this tuner, see the description
of ioctl VIDIOC_ENUMINPUT for details.
Only v41L2_TUNER_ANALOG_TV tuners
can have this capability.

Stereo audio reception is supported.
Reception of the primary language of a
bilingual audio program is supported.
Bilingual audio is a feature of
two-channel systems, transmitting the
primary language monaural on the main
audio carrier and a secondary language
monaural on a second carrier. Only
V4L2_TUNER_ANALOG_TV tuners can
have this capability.

Reception of the secondary language of
a bilingual audio program is supported.
Only V4L2_TUNER_ANALOG_TV tuners
can have this capability.



V4L2_TUNER_CAP_SAP

V4L2_TUNER_CAP_RDS

0x0020

0x0080
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Reception of a secondary audio
program is supported. This is a feature
of the BTSC system which
accompanies the NTSC video standard.
Two audio carriers are available for
mono or stereo transmissions of a
primary language, and an independent
third carrier for a monaural secondary
language. Only
V4L2_TUNER_ANALOG_TV tuners can
have this capability.

Note the v41L2_TUNER_CAP_LANG2
and V4L2_TUNER_CAP_SAP flags are
synonyms. V4L2_TUNER_CAP_SAP
applies when the tuner supports the
V4L2_STD_NTsSC_M video standard.

RDS capture is supported. This
capability is only valid for radio tuners.

Table A-4. Tuner Audio Reception Flags

V4L2_TUNER_SUB_MONO
V4L2_TUNER_SUB_STEREO
V4L2_TUNER_SUB_LANGI1

V4L2_TUNER_SUB_LANG2

V4L2_TUNER_SUB_SAP

V4L2_TUNER_SUB_RDS

0x0001
0x0002
0x0008

0x0004

0x0004

0x0010

The tuner receives a mono audio signal.
The tuner receives a stereo audio signal.
The tuner receives the primary language
of a bilingual audio signal. Drivers must
clear this flag when the current video
standard is V4L2_STD_NTSC_M.

The tuner receives the secondary
language of a bilingual audio signal (or
a second audio program).

The tuner receives a Second Audio
Program. Note the
V4L2_TUNER_SUB_LANG2 and
V4L2_TUNER_SUB_SAP flags are
synonyms. The V4L2_TUNER_SUB_SAP
flag applies when the current video
standard is V4L2_STD_NTSC_M.

The tuner receives an RDS channel.
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Table A-5. Tuner Audio Modes

310

V4L2_TUNER_MODE_MONO

0

V4L2_TUNER_MODE_STEREO 1

V4L2_TUNER_MODE_LANG1

V4L2_TUNER_MODE_LANG2

V4L2_TUNER_MODE_SAP

3

2

2

Play mono audio. When the tuner
receives a stereo signal this a down-mix
of the left and right channel. When the
tuner receives a bilingual or SAP signal
this mode selects the primary language.
Play stereo audio. When the tuner
receives bilingual audio it may play
different languages on the left and right
channel or the primary language is
played on both channels.

Playing different languages in this
mode is deprecated. New drivers should
do this only in MODE_LANG1_LANG2.

When the tuner receives no stereo
signal or does not support stereo
reception the driver shall fall back to
MODE_MONO.

Play the primary language, mono or
stereo. Only V41L2_TUNER_ANALOG_TV
tuners support this mode.

Play the secondary language, mono.
When the tuner receives no bilingual
audio or SAP, or their reception is not
supported the driver shall fall back to
mono or stereo mode. Only
V4L2_TUNER_ANALOG_TV tuners
support this mode.

Play the Second Audio Program. When
the tuner receives no bilingual audio or
SAP, or their reception is not supported
the driver shall fall back to mono or
stereo mode. Only
V4L2_TUNER_ANALOG_TV tuners
support this mode. Note the
V4L2_TUNER_MODE_LANG2 and
V4L2_TUNER_MODE_SAP are synonyms.



V4L2_TUNER_MODE_LANGI1_LANG2

Table A-6. Tuner Audio Matrix
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Play the primary language on the left
channel, the secondary language on the
right channel. When the tuner receives
no bilingual audio or SAP, it shall fall
back to MODE_LANG1 or MODE_MONO.
Only v41L2_TUNER_ANALOG_TV tuners
support this mode.

Selected v41.2_TUNER_MODE__

Received MONO STEREO LANG1 LANG2 =
V4L2_TUNER_SUB_ SAP LANG1_LANG
MONO Mono Mono/Mono Mono Mono Mono/Mono
MONO | Mono Mono/Mono Mono SAP Mono/SAP
SAP (preferred)
or
Mono/Mono
STEREOQ L+R L/R Stereo L/R| Stereo L/R L/R
(preferred) | (preferred) |(preferred)
or Mono or Mono or L+R/L+R
L+R L+R
STEREO | L+R L/R Stereo L/R SAP L+R/SAP
SAP (preferred) (preferred)
or Mono or L/R or
L+R L+R/L+R
LANG1 | Language 1 Language 1 | Language 2
LANG2 Langl/Lang2 Langl/Lang2
(depre- (preferred)
catedv) or or
Langl/Langl Langl/Langl
Notes:

a. This mode has been added in Linux 2.6.17 and may not be supported by older

drivers.

b. Playback of both languages in MODE_STEREO is deprecated. In the future
drivers should produce only the primary language in this mode. Applications
should request MODE_LANG1_LANG2 to record both languages or a stereo signal.
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ioctl
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_tuner index is out of bounds.

VIDIOC_LOG_STATUS

Name

VIDIOC_LOG_STATUS — Log driver status information
Synopsis

int ioctl (int fd, int request);

Description

As the video/audio devices become more complicated it becomes harder to debug
problems. When this ioctl is called the driver will output the current device status to
the kernel log. This is particular useful when dealing with problems like no sound,
no video and incorrectly tuned channels. Also many modern devices autodetect
video and audio standards and this ioctl will report what the device thinks what the
standard is. Mismatches may give an indication where the problem is.

This ioctl is optional and not all drivers support it. It was introduced in Linux 2.6.15.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:
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EINVAL

The driver does not support this ioctl.

ioctl VIDIOC_OVERLAY

Name

VIDIOC_OVERLAY — Start or stop video overlay

Synopsis

int ioctl (int fd, int request, const int xargp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_OVERLAY

argp

Description

This ioctl is part of the video overlay I/O method. Applications call
VIDIOC_OVERLAY to start or stop the overlay. It takes a pointer to an integer which
must be set to zero by the application to stop overlay, to one to start.

Drivers do not support VIDIOC_STREAMON or VIDIOC_STREAMOFF with
V4L2_BUF_TYPE_VIDEO_OVERLAY.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

Video overlay is not supported, or the parameters have not been set up. See
Section 4.2 for the necessary steps.

ioctl VIDIOC_QBUF, VIDIOC_DQBUF

Name

VIDIOC_QBUF, VIDIOC_DQBUF — Exchange a buffer with the driver
Synopsis

int ioctl (int fd, int request, struct v4l2_buffer xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_QBUF, VIDIOC_DQBUF

argp
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Description

Applications call the vIDIOC_QOBUF ioctl to enqueue an empty (capturing) or filled
(output) buffer in the driver’s incoming queue. The semantics depend on the
selected I/O method.

To enqueue a buffer applications set the t ype field of a struct v412_buffer to the
same buffer type as was previously used with struct v412_format t ype and

struct v412_requestbuffers t ype. Applications must also set the index field. Valid
index numbers range from zero to the number of buffers allocated with
VIDIOC_REQBUFS (struct v412_requestbuffers count) minus one. The contents of
the struct v412_buffer returned by a viDI0oC_QUERYBUF ioctl will do as well. When
the buffer is intended for output (t ype is V41L2_BUF_TYPE_VIDEO_OUTPUT,
V4L2_BUF_TYPE_VIDEO_OUTPUT_MPLANE, Or VAL2_BUF_TYPE_VBI_OUTPUT)
applications must also initialize the bytesused, field and t imestamp fields, see
Section 3.5 for details. Applications must also set f1ags to 0. If a driver supports
capturing from specific video inputs and you want to specify a video input, then
flags should be set to V41L.2_BUF_FLAG_INPUT and the field i nput must be
initialized to the desired input. The reserved field must be set to 0. When using
the multi-planar API, the m. planes field must contain a userspace pointer to a
filled-in array of struct v412_plane and the 1ength field must be set to the number
of elements in that array.

To enqueue a memory mapped buffer applications set the memory field to
V4L2_MEMORY_MMAP. When VIDIOC_QBUF is called with a pointer to this structure
the driver sets the V41L.2_BUF_FLAG_MAPPED and V4L2_BUF_FLAG_QUEUED flags
and clears the v41.2_BUF_FLAG_DONE flag in the f1ags field, or it returns an
EINVAL error code.

To enqueue a user pointer buffer applications set the memory field to
V4L2_MEMORY_USERPTR, the m. userptr field to the address of the buffer and
length to its size. When the multi-planar API is used, m. userptr and length
members of the passed array of struct v412_plane have to be used instead. When
VIDIOC_QBUF is called with a pointer to this structure the driver sets the
V4L2_BUF_FLAG_QUEUED flag and clears the v41.2_BUF_FLAG_MAPPED and
V4L2_BUF_FLAG_DONE flags in the f1ags field, or it returns an error code. This
ioctl locks the memory pages of the buffer in physical memory, they cannot be
swapped out to disk. Buffers remain locked until dequeued, until the
VIDIOC_STREAMOFF or VIDIOC_REQBUF'S ioctl is called, or until the device is
closed.

Applications call the vID10C_DQBUF ioctl to dequeue a filled (capturing) or
displayed (output) buffer from the driver’s outgoing queue. They just set the type,
memory and reserved fields of a struct v412_buffer as above, when
VIDIOC_DOQBUF is called with a pointer to this structure the driver fills the
remaining fields or returns an error code. The driver may also set
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V4L2_BUF_FLAG_ERROR in the flags field. It indicates a non-critical
(recoverable) streaming error. In such case the application may continue as normal,
but should be aware that data in the dequeued buffer might be corrupted. When
using the multi-planar API, the planes array does not have to be passed; the
m.planes member must be set to NULL in that case.

By default vip10C_DQBUF blocks when no buffer is in the outgoing queue. When
the 0_NONBLOCK flag was given to the open () function, VIDIOC_DQBUF returns
immediately with an EAGAIN error code when no buffer is available.

The v412_buffer structure is specified in Section 3.5.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EAGAIN

Non-blocking I/0 has been selected using 0_NONBLOCK and no buffer was in
the outgoing queue.

EINVAL

The buffer ¢t ype is not supported, or the index is out of bounds, or no buffers
have been allocated yet, or the userptr or length are invalid.

ENOMEM

Not enough physical or virtual memory was available to enqueue a user pointer
buffer.

EIO

VIDIOC_DQBUF failed due to an internal error. Can also indicate temporary
problems like signal loss. Note the driver might dequeue an (empty) buffer
despite returning an error, or even stop capturing. Reusing such buffer may be
unsafe though and its details (e.g. index) may not be returned either. It is
recommended that drivers indicate recoverable errors by setting the
V4L2_BUF_FLAG_ERROR and returning O instead. In that case the application
should be able to safely reuse the buffer and continue streaming.
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ioctl VIDIOC_QUERYBUF

Name

VIDIOC_QUERYBUF — Query the status of a buffer

Synopsis

int ioctl (int fd, int request, struct v41l2_buffer xargp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_QUERYBUF

argp

Description

This ioctl is part of the memory mapping I/O method. It can be used to query the
status of a buffer at any time after buffers have been allocated with the
VIDIOC_REQBUFS ioctl.

Applications set the type field of a struct v412_buffer to the same buffer type as
was previously used with struct v412_format ¢t ype and struct v412_requestbuffers
type, and the index field. Valid index numbers range from zero to the number of
buffers allocated with VIDIOC_REQBUF'S (struct v412_requestbuffers count) minus
one. The reserved field should to set to 0. When using the multi-planar API, the
m.planes field must contain a userspace pointer to an array of struct v412_plane
and the Iength field has to be set to the number of elements in that array. After
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calling VIDIOC_QUERYBUF with a pointer to this structure drivers return an error
code or fill the rest of the structure.

In the flags field the V4L2_BUF_FLAG_MAPPED, V4L2_BUF_FLAG_QUEUED and
V4L2_BUF_FLAG_DONE flags will be valid. The memory field will be set to the
current I/O method. For the single-planar API, the m. of fset contains the offset of
the buffer from the start of the device memory, the 1ength field its size. For the
multi-planar API, fields m.mem_offset and Iength in the m. planes array
elements will be used instead. The driver may or may not set the remaining fields
and flags, they are meaningless in this context.

The v412_buffer structure is specified in Section 3.5.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The buffer type is not supported, or the index is out of bounds.

ioctl VIDIOC_QUERYCAP
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Name

VIDIOC_QUERYCAP — Query device capabilities
Synopsis

int ioctl (int fd, int request, struct v41l2_capability =*argp);

Arguments

£d



File descriptor returned by open ().

request

VIDIOC_QUERYCAP

argp

Description

Appendix A. Function Reference

All V412 devices support the vIDIOC_QUERYCAP ioctl. It is used to identify kernel
devices compatible with this specification and to obtain information about driver
and hardware capabilities. The ioctl takes a pointer to a struct v412_capability which
is filled by the driver. When the driver is not compatible with this specification the

ioctl returns an EINVAL error code.

Table A-1. struct v412_capability

_u8 driver[16]

Name of the driver, a unique
NUL-terminated ASCII string. For
example: "bttv". Driver specific
applications can use this information to
verify the driver identity. It is also
useful to work around known bugs, or
to identify drivers in error reports. The
driver version is stored in the version
field.

Storing strings in fixed sized arrays is
bad practice but unavoidable here.
Drivers and applications should take
precautions to never read or write
beyond the end of the array and to
make sure the strings are properly
NUL-terminated.
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_u8 card[32]
_us8 bus_infol32]
_u32 version

#define KERNEL_VERSION (a,b,c)

__u32 version =

printf ("Version: %u.%u.%u\n",
(version >> 8) & OxFF,

_u32 capabilities
_u32 reserved|4]

Table A-2. Device Capabilities Flags

(

KERNEL_VERSTON (

Name of the device, a NUL-terminated
ASCII string. For example: "Yoyodyne
TV/EM". One driver may support
different brands or models of video
hardware. This information is intended
for users, for example in a menu of
available devices. Since multiple TV
cards of the same brand may be installed
which are supported by the same driver,
this name should be combined with the
character device file name (e. g.
/dev/video?2) or the bus_info string
to avoid ambiguities.

Location of the device in the system, a
NUL-terminated ASCII string. For
example: "PCI Slot 4". This information
is intended for users, to distinguish
multiple identical devices. If no such
information is available the field may
simply count the devices controlled by
the driver, or contain the empty string
(bus_info[0] = 0).

Version number of the driver. Together
with the driver field this identifies a
particular driver. The version number is
formatted using the

KERNEL_VERSION () macro:

((a) << 16) + ((b) << 8) + (c))
0, 8, 1);
(version >> 16) & OxFF,

version & OXFF);

Device capabilities, see Table A-2.
Reserved for future extensions. Drivers
must set this array to zero.
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Vv4L2_CAP_VIDEO_CAPTURE 0x0000000Ihe device supports the single-planar
API through the Video Capture
interface.

V4L2_CAP_VIDEO_CAPTURE_MXOA0A100he device supports the multi-planar
API through the Video Capture
interface.

V41L2_CAP_VIDEO_OUTPUT  0x0000000lhe device supports the single-planar
API through the Video Output interface.

v4L2_cap_vIDEO_oUTPUT_MBXANA0200Che device supports the multi-planar
API through the Video Output interface.

V4L2_CAP_VIDEO_OVERLAY 0x0000000Fhe device supports the Video Overlay
interface. A video overlay device
typically stores captured images directly
in the video memory of a graphics card,
with hardware clipping and scaling.

V4L2_CAP_VBI_CAPTURE 0x0000001Irhe device supports the Raw VBI
Capture interface, providing Teletext
and Closed Caption data.

V4L2_CAP_VBI_OUTPUT 0x0000002Xhe device supports the Raw VBI
Output interface.

V4L2_CAP_SLICED_VBI_CAPOKRHO00004lhe device supports the Sliced VBI
Capture interface.

v4L2_cap_sLICED_vBI_oUT®XO000008he device supports the Sliced VBI
Output interface.

V4L2_CAP_RDS_CAPTURE 0x0000010Che device supports the RDS capture
interface.

V4L2_CAP_VIDEO_OUTPUT_OWRROBN02((he device supports the Video Output
Overlay (OSD) interface. Unlike the
Video Overlay interface, this is a
secondary function of video output
devices and overlays an image onto an
outgoing video signal. When the driver
sets this flag, it must clear the
V41L2_CAP_VIDEO_OVERLAY flag and
vice versa.a

V4L2_CAP_HW_FREQ_SEEK  0x000004(0(he device supports the
VIDIOC_S_HW_FREQ_SEEK ioctl for
hardware frequency seeking.

V41L2_CAP_RDS_OUTPUT 0x0000080(he device supports the RDS output
interface.
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V4L2_CAP_TUNER 0x0001000rhe device has some sort of tuner to
receive RF-modulated video signals. For
more information about tuner
programming see Section 1.6.

V4L2_CAP_AUDIO 0x0002000Che device has audio inputs or outputs.
It may or may not support audio
recording or playback, in PCM or
compressed formats. PCM audio support
must be implemented as ALSA or OSS
interface. For more information on audio
inputs and outputs see Section 1.5.

V4L2_CAP_RADIO 0x0004000Khis is a radio receiver.

V4L2_CAP_MODULATOR 0x000800(he device has some sort of modulator
to emit RF-modulated video/audio
signals. For more information about
modulator programming see Section 1.6.

V4L2_CAP_READWRITE 0x0100000(he device supports the read() and/or
write() I/O methods.

V4L2_CAP_ASYNCIO 0x0200000Che device supports the asynchronous
I/O methods.

V4L2_CAP_STREAMING 0x0400000Che device supports the streaming 1/O
method.

Notes:

a. The struct v412_framebuffer lacks an enum v412_buf_type field, therefore the
type of overlay is implied by the driver capabilities.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The device is not compatible with this specification.

ioctl VIDIOC_QUERYCTRL,

322



Appendix A. Function Reference

VIDIOC_QUERYMENU

Name

VIDIOC_QUERYCTRL, VIDIOC_QUERYMENU——Enmnmawcmnuohand
menu control items

Synopsis

int ioctl (int fd, int request, struct v41l2_queryctrl xargp);

int ioctl (int fd, int request, struct v41l2_qgquerymenu xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_QUERYCTRL, VIDIOC_QUERYMENU

argp

Description

To query the attributes of a control applications set the id field of a

struct v412_queryctrl and call the vIDIOC_QUERYCTRL ioctl with a pointer to this
structure. The driver fills the rest of the structure or returns an EINVAL error code
when the id is invalid.

It is possible to enumerate controls by calling VIDIOC_QUERYCTRL with successive
id values starting from v41L.2_CID_BASE up to and exclusive
V4L2_CID_BASE_LASTP1. Drivers may return EINVAL if a control in this range is
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not supported. Further applications can enumerate private controls, which are not
defined in this specification, by starting at v41L.2_CID_PRIVATE_BASE and
incrementing id until the driver returns EINVAL.

In both cases, when the driver sets the V41.2_CTRL_FLAG_DISABLED flag in the
flags field this control is permanently disabled and should be ignored by the
application.'

When the application ORs id with V4L2_CTRL_FLAG_NEXT_CTRL the driver
returns the next supported control, or EINVAL if there is none. Drivers which do
not support this flag yet always return EINVAL.

Additional information is required for menu controls: the names of the menu items.
To query them applications set the id and index fields of struct v412_querymenu
and call the VIDIOC_QUERYMENU ioctl with a pointer to this structure. The driver
fills the rest of the structure or returns an EINVAL error code when the id or
index is invalid. Menu items are enumerated by calling vIDIOC_QUERYMENU with
successive index values from struct v412_queryctrl minimum to maximum,
inclusive. Note that it is possible for VIDIOC_QUERYMENU to return an EINVAL
error code for some indices between minimum and maximum. In that case that
particular menu item is not supported by this driver. Also note that the minimum
value is not necessarily 0.

See also the examples in Section 1.8.

Table A-1. struct v412_queryctrl

_u32 id Identifies the control, set by the
application. See Table 1-1 for predefined
IDs. When the ID is ORed with
V4L2_CTRL_FLAG_NEXT_CTRL the
driver clears the flag and returns the first
control with a higher ID. Drivers which
do not support this flag yet always return

an EINVAL error code.
enum v412_ctrl_type t ype Type of control, see Table A-3.
_u8 name|32] Name of the control, a NUL-terminated

ASCII string. This information is
intended for the user.
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minimum

maximum

Appendix A. Function Reference

Minimum value, inclusive. This field
gives a lower bound for
V4L2_CTRL_TYPE_INTEGER controls
and the lowest valid index for
V4L2_CTRL_TYPE_MENU controls. For
V4L2_CTRL_TYPE_STRING controls the
minimum value gives the minimum
length of the string. This length does not
include the terminating zero. It may not
be valid for any other type of control,
including
V4L2_CTRL_TYPE_INTEGER64
controls. Note that this is a signed value.
Maximum value, inclusive. This field
gives an upper bound for
V4L2_CTRL_TYPE_INTEGER controls
and the highest valid index for
V4L2_CTRL_TYPE_MENU controls. For
V4L2_CTRL_TYPE_STRING controls the
maximum value gives the maximum
length of the string. This length does not
include the terminating zero. It may not
be valid for any other type of control,
including
V4L2_CTRL_TYPE_INTEGER64
controls. Note that this is a signed value.
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_ 832

_ 832

_u32

step

default_value

flags

This field gives a step size for
V4L2_CTRL_TYPE_INTEGER controls.
For v41.2_CTRL_TYPE_STRING
controls this field refers to the string
length that has to be a multiple of this
step size. It may not be valid for any
other type of control, including
V4L2_CTRL_TYPE_INTEGERG4
controls.

Generally drivers should not scale
hardware control values. It may be
necessary for example when the name
or id imply a particular unit and the
hardware actually accepts only
multiples of said unit. If so, drivers
must take care values are properly
rounded when scaling, such that errors
will not accumulate on repeated
read-write cycles.

This field gives the smallest change of
an integer control actually affecting
hardware. Often the information is
needed when the user can change
controls by keyboard or GUI buttons,
rather than a slider. When for example a
hardware register accepts values 0-511
and the driver reports 0-65535, step
should be 128.

Note that although signed, the step
value is supposed to be always positive.

The default value of a
V4L2_CTRL_TYPE_INTEGER,
_BOOLEAN or _MENU control. Not valid
for other types of controls. Drivers reset
controls only when the driver is loaded,
not later, in particular not when the
func-open,; is called.

Control flags, see Table A-4.



_u32 reserved|2]

Table A-2. struct v412_querymenu

_u32 id

_u32 index
_ul name|32]
_u32 reserved

Table A-3. enum v412_ctrl_type

Type
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Reserved for future extensions. Drivers
must set the array to zero.

Identifies the control, set by the
application from the respective

struct v412_queryctrl id.

Index of the menu item, starting at zero,
set by the application.

Name of the menu item, a
NUL-terminated ASCII string. This
information is intended for the user.
Reserved for future extensions. Drivers
must set the array to zero.

Description

minshemaximum

V4L2_CTRL_TYPE_INTEGER

An integer-valued control ranging from

any any any minimum to maximum inclusive. The step

V4L2_ CTRL_TYPE BoOLfAN] 1

V4L2_ CTRL_TYPE MENU > 1 N-
0 1

V4L2_ CTRL_TYPE BUTTON O O

V4L2_CTRL_TYPE_INTEGERG4

value indicates the increment between values
which are actually different on the hardware.

A boolean-valued control. Zero corresponds
to "disabled", and one means "enabled".
The control has a menu of N choices. The
names of the menu items can be enumerated
with the VIDIOC_QUERYMENU ioctl.

A control which performs an action when
set. Drivers must ignore the value passed
with VIDIOC_S_CTRL and return an
EINVAL error code on a VIDIOC_G_CTRL
attempt.

A 64-bit integer valued control. Minimum,

n/a n/a n/a maximum and step size cannot be queried.
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Type

Description

minsihemaximum

V4L2_CTRL_TYPE_STRIN® > > The minimum and maximum string lengths.

0 1 O

V4L2_CTRL_TYPE_CTRL_CLASS

n/a n/a n/a

Table A-4. Control Flags

V4L2_CTRL_FLAG_DISABLED 0x0001

V4L2_CTRL_FLAG_GRABBED 0x0002

V412 CTRL_FLAG_READ_ ONLYx0004
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The step size means that the string must be
(minimum + N * step) characters long for N
> 0. These lengths do not include the
terminating zero, so in order to pass a string
of length 8 to VIDIOC_S_EXT_CTRLS you
need to set the size field of

struct v412_ext_control to 9. For
VIDIOC_G_EXT_CTRLS you can set the
size field to maximum + 1. Which character
encoding is used will depend on the string
control itself and should be part of the
control documentation.

This is not a control. When
VIDIOC_QUERYCTRL is called with a control
ID equal to a control class code (see Table
A-3) + 1, the ioctl returns the name of the
control class and this control type. Older
drivers which do not support this feature
return an EINVAL error code.

This control is permanently disabled and
should be ignored by the application.
Any attempt to change the control will
result in an EINVAL error code.

This control is temporarily
unchangeable, for example because
another application took over control of
the respective resource. Such controls
may be displayed specially in a user
interface. Attempts to change the control
may result in an EBUSY error code.
This control is permanently readable
only. Any attempt to change the control
will result in an EINVAL error code.



V412 CTRL_FLAG _UPDATE  0x0008

V4L2_ CTRL_FLAG_INACTIVE 0x0010

V4L2_ CTRL_FLAG_SLIDER 0x0020

VA4L2_CTRL_FLAG_WRITE_ONIOX0040

Return Value
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A hint that changing this control may
affect the value of other controls within
the same control class. Applications
should update their user interface
accordingly.

This control is not applicable to the
current configuration and should be
displayed accordingly in a user
interface. For example the flag may be
set on a MPEG audio level 2 bitrate
control when MPEG audio encoding
level 1 was selected with another
control.

A hint that this control is best
represented as a slider-like element in a
user interface.

This control is permanently writable
only. Any attempt to read the control
will result in an EACCES error code
error code. This flag is typically present
for relative controls or action controls
where writing a value will cause the
device to carry out a given action (e. g.
motor control) but no meaningful value
can be returned.

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_queryctrl id is invalid. The struct v412_querymenu id is
invalid or index is out of range (less than minimum or greater than maximum)
or this particular menu item is not supported by the driver.

EACCES

An attempt was made to read a write-only control.
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Notes

1. V4L2_CTRL_FLAG_DISABLED was intended for two purposes: Drivers can skip
predefined controls not supported by the hardware (although returning EINVAL
would do as well), or disable predefined and private controls after hardware
detection without the trouble of reordering control arrays and indices (EINVAL
cannot be used to skip private controls because it would prematurely end the
enumeration).

ioctl VIDIOC_QUERY_DV_PRESET
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Name

VIDIOC_QUERY_DV_PRESET — Sense the DV preset received by the current
input

Synopsis

int ioectl (int fd, int request, struct v41l2_dv_preset xargp);

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_QUERY_DV_PRESET

argp

Description

The hardware may be able to detect the current DV preset automatically, similar to
sensing the video standard. To do so, applications call



ioctl
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VIDIOC_QUERY_DV_PRESET with a pointer to a struct v412_dv_preset type. Once
the hardware detects a preset, that preset is returned in the preset field of
struct v412_dv_preset. If the preset could not be detected because there was no

signal, or the signal was unreliable, or the signal did not map to a supported preset,
then the value V4L2_DV_INVALID is returned.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

This ioctl is not supported.

EBUSY

The device is busy and therefore can not sense the preset

VIDIOC_QUERYSTD

Name

VIDIOC_QUERYSTD — Sense the video standard received by the current input
Synopsis

int ioctl (int fd, int request, v4l2_std_id =*argp);

Arguments

fd

File descriptor returned by open ().
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request

VIDIOC_QUERYSTD

argp

Description

The hardware may be able to detect the current video standard automatically. To do
so, applications call VIDIOC_QUERYSTD with a pointer to a v412_std_id type. The
driver stores here a set of candidates, this can be a single flag or a set of supported
standards if for example the hardware can only distinguish between 50 and 60 Hz
systems. When detection is not possible or fails, the set must contain all standards
supported by the current video input or output.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

This ioctl is not supported.

EBUSY

The device is busy and therefore can not detect the standard

VIDIOC_REQBUFS

Name

VIDIOC_REQBUFS — Initiate Memory Mapping or User Pointer 1/0
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Synopsis

int ioctl (int fd, int request, struct v412_requestbuffers
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_REQBUEFS

argp

Description

This ioctl is used to initiate memory mapped or user pointer I/O. Memory mapped
buffers are located in device memory and must be allocated with this ioctl before
they can be mapped into the application’s address space. User buffers are allocated
by applications themselves, and this ioctl is merely used to switch the driver into
user pointer I/O mode and to setup some internal structures.

To allocate device buffers applications initialize all fields of the v412_requestbuffers
structure. They set the t ype field to the respective stream or buffer type, the count
field to the desired number of buffers, memory must be set to the requested 1/0
method and the reserved array must be zeroed. When the ioctl is called with a
pointer to this structure the driver will attempt to allocate the requested number of
buffers and it stores the actual number allocated in the count field. It can be smaller
than the number requested, even zero, when the driver runs out of free memory. A
larger number is also possible when the driver requires more buffers to function
correctly. For example video output requires at least two buffers, one displayed and
one filled by the application.

When the I/O method is not supported the ioctl returns an EINVAL error code.

Applications can call VIDIOC_REQBUFS again to change the number of buffers,
however this cannot succeed when any buffers are still mapped. A count value of
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zero frees all buffers, after aborting or finishing any DMA in progress, an implicit
VIDIOC_STREAMOFF.

Table A-1. struct v412_requestbuffers

_u32 count The number of buffers requested or
granted.
enum v412_buf_type type Type of the stream or buffers, this is the

same as the struct v412_format t ype
field. See Table 3-3 for valid values.

enum v412_memory memory Applications set this field to
V4L2_MEMORY_MMAP Or
V4L2_MEMORY_USERPTR.

_u32 reserved|2] A place holder for future extensions and
custom (driver defined) buffer types
V4L2_BUF_TYPE_PRIVATE and higher.
This array should be zeroed by
applications.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EBUSY

The driver supports multiple opens and 1/O is already in progress, or
reallocation of buffers was attempted although one or more are still mapped.

EINVAL

The buffer type (type field) or the requested I/O method (memory) is not
supported.

ioctl VIDIOC_S_HW_FREQ_SEEK

Name

VIDIOC_S_HW_FREQ_SEEK — Perform a hardware frequency seek
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int ioctl (int fd,
*argp) ;

int request,

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_S_HW_FREQ_SEEK

argp

Description

Appendix A. Function Reference

struct v412_hw_freq_ seek

Start a hardware frequency seek from the current frequency. To do this applications

initialize the tuner, type, seek_upward, spacing and wrap_around fields,
and zero out the reserved array of a struct v4l12_hw_freq_seek and call the
VIDIOC_S_HW_FREQ_SEEK ioctl with a pointer to this structure.

This ioctl is supported if the Vv4L2_CAP_HW_FREQ_SEEK capability is set.

Table A-1. struct v412_hw_freq_seek

_u32

tuner

enum v412_tuner_typeype

_u32

seek_upward

_u32

wrap_around

The tuner index number. This is the
same value as in the struct v412_input
tuner field and the struct v412_tuner
index field.

The tuner type. This is the same value as
in the struct v412_tuner t ype field.

If non-zero, seek upward from the
current frequency, else seek downward.
If non-zero, wrap around when at the
end of the frequency range, else stop
seeking.
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_u32 spacing If non-zero, defines the hardware seek
resolution in Hz. The driver selects the
nearest value that is supported by the
device. If spacing is zero a reasonable
default value is used.

_u32 reserved|7] Reserved for future extensions. Drivers
and applications must set the array to
Zero.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The tuner index is out of bounds or the value in the type field is wrong.

EAGAIN

The ioctl timed-out. Try again.

ioctl VIDIOC_STREAMON,
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VIDIOC_STREAMOFF

Name

VIDIOC_STREAMON, VIDIOC_STREAMOFF — Start or stop streaming I/O

Synopsis

int ioctl (int fd, int request, const int xargp);
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Arguments

£d

File descriptor returned by open ().

request

VIDIOC_STREAMON, VIDIOC_STREAMOFF

argp

Description

The vIDIOC_STREAMON and VIDIOC_STREAMOFF ioctl start and stop the capture
or output process during streaming (memory mapping or user pointer) I/O.

Specifically the capture hardware is disabled and no input buffers are filled (if there
are any empty buffers in the incoming queue) until VIDIOC_STREAMON has been
called. Accordingly the output hardware is disabled, no video signal is produced
until vIDIOC_STREAMON has been called. The ioctl will succeed only when at least
one output buffer is in the incoming queue.

The VIDIOC_STREAMOEFF ioctl, apart of aborting or finishing any DMA in progress,
unlocks any user pointer buffers locked in physical memory, and it removes all
buffers from the incoming and outgoing queues. That means all images captured but
not dequeued yet will be lost, likewise all images enqueued for output but not
transmitted yet. I/O returns to the same state as after calling VIDIOC_REQBUFS and
can be restarted accordingly.

Both ioctls take a pointer to an integer, the desired buffer or stream type. This is the
same as struct v412_requestbuffers ¢ ype.

Note applications can be preempted for unknown periods right before or after the
VIDIOC_STREAMON or VIDIOC_STREAMOFF calls, there is no notion of starting or
stopping "now". Buffer timestamps can be used to synchronize with other events.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL
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ioctl

338

Streaming I/0 is not supported, the buffer ¢ ype is not supported, or no buffers
have been allocated (memory mapping) or enqueued (output) yet.

EPIPE

The driver implements pad-level format configuration and the pipeline
configuration is invalid.

VID-
IOC_SUBDEV_ENUM_FRAME_INTERVAL

Name

VIDIOC_SUBDEV_ENUM_FRAME_INTERVAL — Enumerate frame intervals

Synopsis

int ioctl (int fd, int request, struct
v41l2_subdev_frame_interval_enum * argp);

Arguments

£d

File descriptor returned by open () .

request

VIDIOC_SUBDEV_ENUM_FRAME_INTERVAL

argp
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Description

Experimental: This is an experimental interface and may change in the future.

This ioctl lets applications enumerate available frame intervals on a given
sub-device pad. Frame intervals only makes sense for sub-devices that can control
the frame period on their own. This includes, for instance, image sensors and TV
tuners.

For the common use case of image sensors, the frame intervals available on the
sub-device output pad depend on the frame format and size on the same pad.
Applications must thus specify the desired format and size when enumerating frame
intervals.

To enumerate frame intervals applications initialize the index, pad, code, width
and height fields of struct v412_subdev_frame_interval_enum and call the
VIDIOC_SUBDEV_ENUM_FRAME_INTERVAL ioctl with a pointer to this structure.
Drivers fill the rest of the structure or return an EINVAL error code if one of the
input fields is invalid. All frame intervals are enumerable by beginning at index zero
and incrementing by one until EINVAL is returned.

Available frame intervals may depend on the current ’try’ formats at other pads of
the sub-device, as well as on the current active links. See VIDIOC SUBDEV_G_FMT
for more information about the try formats.

Sub-devices that support the frame interval enumeration ioctl should implemented it
on a single pad only. Its behaviour when supported on multiple pads of the same
sub-device is not defined.

Table A-1. struct v4l12_subdev_frame_interval enum

_u32 index Number of the format in the
enumeration, set by the application.

_u32 pad Pad number as reported by the media
controller API.

_u32 code The media bus format code, as defined
in Section 4.13.4.

_u32 width Frame width, in pixels.

_u32 height Frame height, in pixels.

struct v412_fract interval Period, in seconds, between consecutive

video frames.

_u32 reserved|9] Reserved for future extensions.
Applications and drivers must set the
array to zero.
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_subdev_frame_interval_enum pad references a non-existing
pad, one of the code, width or height fields are invalid for the given pad or
the index field is out of bounds.

ioctl VIDIOC_SUBDEV_ENUM_FRAME_SIZE

Name

VIDIOC_SUBDEV_ENUM_FRAME_SIZE — Enumerate media bus frame sizes
Synopsis

int ioctl (int fd, int request, struct
v41l2_subdev_frame_size_enum *x argp);

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_SUBDEV_ENUM_FRAME_SIZE

argp
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Description

Experimental: This is an experimental interface and may change in the future.

This ioctl allows applications to enumerate all frame sizes supported by a
sub-device on the given pad for the given media bus format. Supported formats can
be retrieved with the VIDIOC_SUBDEV_ENUM_MBUS_CODE ioctl.

To enumerate frame sizes applications initialize the pad, code and index fields of
the struct v412_subdev_mbus_code_enum and call the
VIDIOC_SUBDEV_ENUM_FRAME_SIZE ioctl with a pointer to the structure. Drivers
fill the minimum and maximum frame sizes or return an EINVAL error code if one
of the input parameters is invalid.

Sub-devices that only support discrete frame sizes (such as most sensors) will return
one or more frame sizes with identical minimum and maximum values.

Not all possible sizes in given [minimum, maximum] ranges need to be supported.
For instance, a scaler that uses a fixed-point scaling ratio might not be able to
produce every frame size between the minimum and maximum values. Applications
must use the VIDIOC_SUBDEV_S_FMT ioctl to try the sub-device for an exact
supported frame size.

Available frame sizes may depend on the current ’try’ formats at other pads of the
sub-device, as well as on the current active links and the current values of V4.2
controls. See VIDIOC_SUBDEV_G_FMT for more information about try formats.

Table A-1. struct v412_subdev_frame_size enum

_u32 index Number of the format in the
enumeration, set by the application.

_u32 pad Pad number as reported by the media
controller API.

_u32 code The media bus format code, as defined
in Section 4.13.4.

_u32 min_width Minimum frame width, in pixels.

_u32 max_width Maximum frame width, in pixels.

_u32 min_height Minimum frame height, in pixels.

_u32 max_height Maximum frame height, in pixels.

_u32 reserved|9] Reserved for future extensions.

Applications and drivers must set the
array to zero.
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ioctl
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Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_subdev_frame_size_enum pad references a non-existing pad,
the code is invalid for the given pad or the index field is out of bounds.

VIDIOC_SUBDEV_ENUM_MBUS_CODE

Name

VIDIOC_SUBDEV_ENUM MBUS_CODE — Enumerate media bus formats
Synopsis

int ioctl (int fd, int request, struct
v41l2_subdev_mbus_code_enum * argp);

Arguments
fd
File descriptor returned by open ().

request

VIDIOC_SUBDEV_ENUM_MBUS_CODE

argp
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Description

Experimental: This is an experimental interface and may change in the future.

To enumerate media bus formats available at a given sub-device pad applications
initialize the pad and index fields of struct v412_subdev_mbus_code_enum and
call the vIDIOC_SUBDEV_ENUM_MBUS_CODE ioctl with a pointer to this structure.
Drivers fill the rest of the structure or return an EINVAL error code if either the pad
or index are invalid. All media bus formats are enumerable by beginning at index
zero and incrementing by one until EINVAL is returned.

Available media bus formats may depend on the current ’try’ formats at other pads
of the sub-device, as well as on the current active links. See
VIDIOC_SUBDEV_G_FMT for more information about the try formats.

Table A-1. struct v4l2_subdev_mbus_code_enum

_u32 pad Pad number as reported by the media
controller APL.

_u32 index Number of the format in the
enumeration, set by the application.

_u32 code The media bus format code, as defined
in Section 4.13.4.

_u32 reserved|9] Reserved for future extensions.

Applications and drivers must set the
array to zero.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct v412_subdev_mbus_code_enum pad references a non-existing pad,
or the index field is out of bounds.

ioctl VIDIOC_SUBDEV_G_CROP,
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VIDIOC_SUBDEV_S_CROP

Name

VIDIOC_SUBDEV_G_CROP, VIDIOC_SUBDEV_S_CROP — Get or set the
crop rectangle on a subdev pad

Synopsis

int ioctl (int fd, int request, struct v41l2_subdev_crop *xargp);

int ioctl (int fd, int request, const struct v412_subdev_crop
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

VIDIOC_SUBDEV_G_CROP, VIDIOC_SUBDEV_S_CROP

argp

Description

Experimental: This is an experimental interface and may change in the future.

To retrieve the current crop rectangle applications set the pad field of a
struct v412_subdev_crop to the desired pad number as reported by the media API
and the which field to v4L2_SUBDEV_FORMAT_ACTIVE. They then call the
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VIDIOC_SUBDEV_G_CROP ioctl with a pointer to this structure. The driver fills the
members of the rect field or returns EINVAL error code if the input arguments are
invalid, or if cropping is not supported on the given pad.

To change the current crop rectangle applications set both the pad and which fields
and all members of the rect field. They then call the vIDIOC_SUBDEV_S_CROP
ioctl with a pointer to this structure. The driver verifies the requested crop rectangle,
adjusts it based on the hardware capabilities and configures the device. Upon return
the struct v412_subdev_crop contains the current format as would be returned by a
VIDIOC_SUBDEV_G_CROP call.

Applications can query the device capabilities by setting the which to
V4L2_SUBDEV_FORMAT_TRY. When set, ’try’ crop rectangles are not applied to the
device by the driver, but are mangled exactly as active crop rectangles and stored in
the sub-device file handle. Two applications querying the same sub-device would
thus not interact with each other.

Drivers must not return an error solely because the requested crop rectangle doesn’t
match the device capabilities. They must instead modify the rectangle to match
what the hardware can provide. The modified format should be as close as possible
to the original request.

Table A-1. struct v412_subdev_crop

_u32 pad Pad number as reported by the media
framework.

_u32 which Crop rectangle to get or set, from
enum v412_subdev_format_whence.

struct v412_rect rect Crop rectangle boundaries, in pixels.

_u32 reserved|8] Reserved for future extensions.

Applications and drivers must set the
array to zero.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EBUSY

The crop rectangle can’t be changed because the pad is currently busy. This
can be caused, for instance, by an active video stream on the pad. The ioctl
must not be retried without performing another action to fix the problem first.
Only returned by VIDIOC_SUBDEV_S_CROP
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EINVAL

The struct v412_subdev_crop pad references a non-existing pad, the which
field references a non-existing format, or cropping is not supported on the
given subdev pad.

ioctl VIDIOC_SUBDEV_G_FMT,
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VIDIOC_SUBDEV_S_FMT

Name

VIDIOC_SUBDEV_G_FMT, VIDIOC_SUBDEV_S_FMT — Get or set the data
format on a subdev pad

Synopsis

int ioctl (int fd, int request, struct v41l2_subdev_format xargp

)i

Arguments
fd
File descriptor returned by open ().

request

VIDIOC_SUBDEV_G_FMT, VIDIOC_SUBDEV_S_FMT

argp
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Description

Experimental: This is an experimental interface and may change in the future.

These ioctls are used to negotiate the frame format at specific subdev pads in the
image pipeline.

To retrieve the current format applications set the pad field of a

struct v412_subdev_format to the desired pad number as reported by the media API
and the which field to v4L2_SUBDEV_FORMAT_ACTIVE. When they call the
VIDIOC_SUBDEV_G_FMT ioctl with a pointer to this structure the driver fills the
members of the format field.

To change the current format applications set both the pad and which fields and all
members of the format field. When they call the vIDIOC_SUBDEV_S_FMT ioctl
with a pointer to this structure the driver verifies the requested format, adjusts it
based on the hardware capabilities and configures the device. Upon return the
struct v412_subdev_format contains the current format as would be returned by a
VIDIOC_SUBDEV_G_FMT call.

Applications can query the device capabilities by setting the which to
V4L2_SUBDEV_FORMAT_TRY. When set, 'try’ formats are not applied to the device
by the driver, but are changed exactly as active formats and stored in the sub-device
file handle. Two applications querying the same sub-device would thus not interact
with each other.

For instance, to try a format at the output pad of a sub-device, applications would
first set the try format at the sub-device input with the VIDIOC_SUBDEV_S_FMT
ioctl. They would then either retrieve the default format at the output pad with the
VIDIOC_SUBDEV_G_FMT ioctl, or set the desired output pad format with the
VIDIOC_SUBDEV_S_FMT ioctl and check the returned value.

Try formats do not depend on active formats, but can depend on the current links
configuration or sub-device controls value. For instance, a low-pass noise filter
might crop pixels at the frame boundaries, modifying its output frame size.

Drivers must not return an error solely because the requested format doesn’t match
the device capabilities. They must instead modify the format to match what the
hardware can provide. The modified format should be as close as possible to the
original request.

Table A-1. struct v412_subdev_format

_u32 pad Pad number as reported by the media
controller APL.
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_u32 which Format to modified, from
enum v412_subdev_format_whence.
struct v412_mbus_framefmt t Definition of an image format, see Table
4-19 for details.
_u32 reserved|8] Reserved for future extensions.

Applications and drivers must set the
array to zero.

Table A-2. enum v412_subdev_format_whence

V4L2_SUBDEV_FORMAT_TRY Try formats, used for querying device
capabilities.
V4L2_SUBDEV_FORMAT_ACTIVE Active formats, applied to the hardware.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EBUSY

The format can’t be changed because the pad is currently busy. This can be
caused, for instance, by an active video stream on the pad. The ioctl must not
be retried without performing another action to fix the problem first. Only
returned by VIDIOC_SUBDEV_S_FMT

EINVAL

The struct v412_subdev_format pad references a non-existing pad, or the
which field references a non-existing format.

ioctl VIDIOC_SUBDEV_G_FRAME_INTERVAL,
VIDIOC_SUBDEV_S_FRAME_INTERVAL

Name
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VIDIOC_SUBDEV_G_FRAME_INTERVAL,
VIDIOC_SUBDEV_S FRAME INTERVAL — Get or set the frame interval on a
subdev pad

Synopsis

int ioctl (int fd, int request, struct
v412_subdev_frame_interval *argp );

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_SUBDEV_G_FRAME_INTERVAL,
VIDIOC_SUBDEV_S_FRAME_INTERVAL

argp

Description

Experimental: This is an experimental interface and may change in the future.

These ioctls are used to get and set the frame interval at specific subdev pads in the
image pipeline. The frame interval only makes sense for sub-devices that can
control the frame period on their own. This includes, for instance, image sensors
and TV tuners. Sub-devices that don’t support frame intervals must not implement
these ioctls.

To retrieve the current frame interval applications set the pad field of a
struct v412_subdev_frame_interval to the desired pad number as reported by the
media controller API. When they call the vVIDIOC_SUBDEV_G_FRAME_INTERVAL
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ioctl with a pointer to this structure the driver fills the members of the interval
field.

To change the current frame interval applications set both the pad field and all
members of the interval field. When they call the
VIDIOC_SUBDEV_S_FRAME_INTERVAL ioctl with a pointer to this structure the
driver verifies the requested interval, adjusts it based on the hardware capabilities
and configures the device. Upon return the struct v412_subdev_frame_interval
contains the current frame interval as would be returned by a
VIDIOC_SUBDEV_G_FRAME_INTERVAL call.

Drivers must not return an error solely because the requested interval doesn’t match
the device capabilities. They must instead modify the interval to match what the
hardware can provide. The modified interval should be as close as possible to the
original request.

Sub-devices that support the frame interval ioctls should implement them on a
single pad only. Their behaviour when supported on multiple pads of the same
sub-device is not defined.

Table A-1. struct v4l12_subdev_frame_interval

_u32 pad Pad number as reported by the media
controller API.
struct v412_fract interval Period, in seconds, between consecutive

video frames.

_u32 reserved|9] Reserved for future extensions.
Applications and drivers must set the
array to zero.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EBUSY

The frame interval can’t be changed because the pad is currently busy. This
can be caused, for instance, by an active video stream on the pad. The ioctl
must not be retried without performing another action to fix the problem first.
Only returned by VIDIOC_SUBDEV_S_FRAME_INTERVAL

EINVAL

The struct v412_subdev_frame_interval pad references a non-existing pad, or
the pad doesn’t support frame intervals.
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ioctl VIDIOC_SUBSCRIBE_EVENT,
VIDIOC_UNSUBSCRIBE_EVENT

Name

VIDIOC_SUBSCRIBE_EVENT, VIDIOC_UNSUBSCRIBE_ EVENT —
Subscribe or unsubscribe event

Synopsis

int ioctl (int fd, int request, struct v41l2_event_subscription

*argp) ;

Arguments

fd

File descriptor returned by open ().

request

VIDIOC_SUBSCRIBE_EVENT, VIDIOC_UNSUBSCRIBE_EVENT

argp

Description

Subscribe or unsubscribe V4L2 event. Subscribed events are dequeued by using the
VIDIOC_DQEVENT ioctl.

Table A-1. struct v412_event_subscription
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_u32 type
_u32 reserved|7]

Table A-2. Event Types

V4L2_EVENT_ALL 0
V412 EVENT_VSYNC 1
V4L2_EVENT_EOS 2

Type of the event.

Reserved for future extensions. Drivers
and applications must set the array to
Zero.

All events. V4L.2 EVENT ALL is valid
only for
VIDIOC_UNSUBSCRIBE_EVENT for
unsubscribing all events at once.

This event is triggered on the vertical
sync. This event has

struct v412_event_vsync associated with
it.

This event is triggered when the end of a
stream is reached. This is typically used
with MPEG decoders to report to the
application when the last of the MPEG
stream has been decoded.

V4L2_EVENT_PRIVATE_STARDx080000@ase event number for driver-private

Table A-3. struct v412_event_vsync

_u8 field

V4L2 mmap()

Name

events.

The upcoming field. See
enum v412_field.

v412-mmap — Map device memory into application address space
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Synopsis

#include <unistd.h>

#include <sys/mman.h>

void xmmap (void xstart, size_t length, int prot, int flags,
int fd, off_t offset);

Arguments

start

Map the buffer to this address in the application’s address space. When the
MaP_FIXED flag is specified, start must be a multiple of the pagesize and
mmap will fail when the specified address cannot be used. Use of this option is
discouraged; applications should just specify a NULL pointer here.

length

Length of the memory area to map. This must be the same value as returned by
the driver in the struct v412_buffer 1ength field for the single-planar API, and
the same value as returned by the driver in the struct v412_plane 1ength field
for the multi-planar API.

prot

The prot argument describes the desired memory protection. Regardless of
the device type and the direction of data exchange it should be set to
PROT_READ | PROT_WRITE, permitting read and write access to image buffers.
Drivers should support at least this combination of flags. Note the Linux
video-buf kernel module, which is used by the bttv, saa7134, saa7146, cx88
and vivi driver supports only PROT_READ | PROT_WRITE. When the driver
does not support the desired protection the mmap () function fails.

Note device memory accesses (e. g. the memory on a graphics card with video
capturing hardware) may incur a performance penalty compared to main
memory accesses, or reads may be significantly slower than writes or vice
versa. Other I/O methods may be more efficient in this case.

flags

The flags parameter specifies the type of the mapped object, mapping
options and whether modifications made to the mapped copy of the page are
private to the process or are to be shared with other references.
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MAP_FIXED requests that the driver selects no other address than the one
specified. If the specified address cannot be used, mmap () will fail. If
MAP_FIXED is specified, start must be a multiple of the pagesize. Use of this
option is discouraged.

One of the MAP_SHARED or MAP_PRIVATE flags must be set. MAP_SHARED
allows applications to share the mapped memory with other (e. g. child-)
processes. Note the Linux video-buf module which is used by the bittv,
saa7134, saa7146, cx88 and vivi driver supports only MAP_ SHARED.
MAP_PRIVATE requests copy-on-write semantics. V4L2 applications should
not set the MAP_PRIVATE, MAP_DENYWRITE, MAP_EXECUTABLE Or MAP_ANON
flag.

fd

File descriptor returned by open ().

offset

Offset of the buffer in device memory. This must be the same value as returned
by the driver in the struct v412_buffer m union offset field for the
single-planar API, and the same value as returned by the driver in the

struct v412_plane m union mem_of fset field for the multi-planar API.

Description

The mmap () function asks to map length bytes starting at offset in the memory
of the device specified by £d into the application address space, preferably at
address start. This latter address is a hint only, and is usually specified as 0.

Suitable length and offset parameters are queried with the VIDIOC_QUERYBUF ioctl.
Buffers must be allocated with the vIDI0OC_REQBUFS ioctl before they can be
queried.

To unmap buffers the munmap () function is used.

Return Value

On success mmap () returns a pointer to the mapped buffer. On error MAP_FAILED
(-1) is returned, and the errno variable is set appropriately. Possible error codes
are:

EBADF

£d is not a valid file descriptor.
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EACCES

£d is not open for reading and writing.

EINVAL

The start or length or of fset are not suitable. (E. g. they are too large, or
not aligned on a PAGESIZE boundary.)

The flags or prot value is not supported.

No buffers have been allocated with the vIDIOC_REQBUFS ioctl.

ENOMEM

Not enough physical or virtual memory was available to complete the request.

V4L2 munmap()

Name

v412-munmap — Unmap device memory
Synopsis

#include <unistd.h>
#include <sys/mman.h>
int munmap (void =*start, size_t Iength);

Arguments

start

Address of the mapped buffer as returned by the mmap () function.

length
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Length of the mapped buffer. This must be the same value as given to mmap ()
and returned by the driver in the struct v412_buffer 1ength field for the
single-planar API and in the struct v412_plane Iength field for the
multi-planar API.

Description

Unmaps a previously with the mmap () function mapped buffer and frees it, if
possible.

Return Value

On success munmap () returns 0, on failure -1 and the errno variable is set
appropriately:

EINVAL

The start or length is incorrect, or no buffers have been mapped yet.

V4L2 open()

356

Name

v412-open — Open a V4L2 device

Synopsis

#include <fcntl.h>
int open (const char xdevice_name, int flags);
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Arguments

device_name

Device to be opened.

flags

Open flags. Access mode must be 0_RDWR. This is just a technicality, input
devices still support only reading and output devices only writing.

When the 0_NONBLOCK flag is given, the read() function and the
VIDIOC_DQBUF ioctl will return the EAGAIN error code when no data is
available or no buffer is in the driver outgoing queue, otherwise these functions
block until data becomes available. All V4L2 drivers exchanging data with
applications must support the 0_NONBLOCK flag.

Other flags have no effect.

Description

To open a V4L2 device applications call open () with the desired device name.
This function has no side effects; all data format parameters, current input or output,
control values or other properties remain unchanged. At the first open () call after
loading the driver they will be reset to default values, drivers are never in an
undefined state.

Return Value

On success open returns the new file descriptor. On error -1 is returned, and the
errno variable is set appropriately. Possible error codes are:

EACCES

The caller has no permission to access the device.

EBUSY

The driver does not support multiple opens and the device is already in use.

ENXIO

No device corresponding to this device special file exists.

ENOMEM
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Not enough kernel memory was available to complete the request.

EMFILE

The process already has the maximum number of files open.

ENFILE

The limit on the total number of files open on the system has been reached.

V4L2 poli()

358

Name

v412-poll — Wait for some event on a file descriptor

Synopsis

#include <sys/poll.h>
int poll(struct pollfd *ufds, unsigned int nfds, int timeout);

Description

With the po11 () function applications can suspend execution until the driver has
captured data or is ready to accept data for output.

When streaming I/O has been negotiated this function waits until a buffer has been
filled or displayed and can be dequeued with the vIiDI0C_DQBUF ioctl. When
buffers are already in the outgoing queue of the driver the function returns
immediately.

On success pol1l () returns the number of file descriptors that have been selected
(that is, file descriptors for which the revents field of the respective pollfd
structure is non-zero). Capture devices set the POLLIN and POLLRDNORM flags in
the revents field, output devices the POLLOUT and POLLWRNORM flags. When the
function timed out it returns a value of zero, on failure it returns -1 and the errno
variable is set appropriately. When the application did not call vIDIOC_QBUF or
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VIDIOC_STREAMON yet the poll () function succeeds, but sets the POLLERR flag in
the revents field.

When use of the read () function has been negotiated and the driver does not
capture yet, the pol1 function starts capturing. When that fails it returns a POLLERR
as above. Otherwise it waits until data has been captured and can be read. When the
driver captures continuously (as opposed to, for example, still images) the function
may return immediately.

When use of the write () function has been negotiated the po11 function just
waits until the driver is ready for a non-blocking write () call.

All drivers implementing the read () or write () function or streaming I/O must
also support the pol1 () function.

For more details see the pol1 () manual page.

Return Value

On success, poll () returns the number structures which have non-zero revents
fields, or zero if the call timed out. On error -1 is returned, and the errno variable is
set appropriately:

EBADF

One or more of the ufds members specify an invalid file descriptor.

EBUSY

The driver does not support multiple read or write streams and the device is
already in use.

EFAULT

ufds references an inaccessible memory area.

EINTR

The call was interrupted by a signal.

EINVAL

The nfds argument is greater than OPEN_MAX.
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V4L2 read()

360

Name

v41l2-read — Read from a V4L2 device

Synopsis

#include <unistd.h>
ssize_t read(int fd, void xbuf, size_t count);

Arguments

fd

File descriptor returned by open ().

buf

count

Description

read () attempts to read up to count bytes from file descriptor £d into the buffer
starting at buf. The layout of the data in the buffer is discussed in the respective
device interface section, see ##. If count 1s zero, read () returns zero and has no
other results. If count is greater than SSIZE_MAX, the result is unspecified.
Regardless of the count value each read () call will provide at most one frame
(two fields) worth of data.

By default read () blocks until data becomes available. When the 0_NONBLOCK
flag was given to the open () function it returns immediately with an EAGAIN
error code when no data is available. The select () or poll () functions can
always be used to suspend execution until data becomes available. All drivers
supporting the read () function must also support select () and poll ().



Appendix A. Function Reference

Drivers can implement read functionality in different ways, using a single or
multiple buffers and discarding the oldest or newest frames once the internal buffers
are filled.

read () never returns a "snapshot" of a buffer being filled. Using a single buffer the
driver will stop capturing when the application starts reading the buffer until the
read is finished. Thus only the period of the vertical blanking interval is available
for reading, or the capture rate must fall below the nominal frame rate of the video
standard.

The behavior of read () when called during the active picture period or the vertical
blanking separating the top and bottom field depends on the discarding policy. A
driver discarding the oldest frames keeps capturing into an internal buffer,
continuously overwriting the previously, not read frame, and returns the frame
being received at the time of the read () call as soon as it is complete.

A driver discarding the newest frames stops capturing until the next read () call.
The frame being received at read () time is discarded, returning the following
frame instead. Again this implies a reduction of the capture rate to one half or less
of the nominal frame rate. An example of this model is the video read mode of the
bttv driver, initiating a DMA to user memory when read () is called and returning
when the DMA finished.

In the multiple buffer model drivers maintain a ring of internal buffers,
automatically advancing to the next free buffer. This allows continuous capturing
when the application can empty the buffers fast enough. Again, the behavior when
the driver runs out of free buffers depends on the discarding policy.

Applications can get and set the number of buffers used internally by the driver with
the vIDIOC_G_PARM and VIDIOC_S_PARM ioctls. They are optional, however. The
discarding policy is not reported and cannot be changed. For minimum
requirements see Chapter 4.

Return Value

On success, the number of bytes read is returned. It is not an error if this number is
smaller than the number of bytes requested, or the amount of data required for one
frame. This may happen for example because read () was interrupted by a signal.
On error, -1 is returned, and the errno variable is set appropriately. In this case the
next read will start at the beginning of a new frame. Possible error codes are:

EAGAIN

Non-blocking I/O has been selected using O_NONBLOCK and no data was
immediately available for reading.
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EBADF

£d is not a valid file descriptor or is not open for reading, or the process
already has the maximum number of files open.

EBUSY

The driver does not support multiple read streams and the device is already in
use.

EFAULT

buf references an inaccessible memory area.

EINTR

The call was interrupted by a signal before any data was read.

EIO

I/O error. This indicates some hardware problem or a failure to communicate
with a remote device (USB camera etc.).

EINVAL

The read () function is not supported by this driver, not on this device, or
generally not on this type of device.

V4L2 select()

362

Name

v412-select — Synchronous I/O multiplexing
Synopsis

#include <sys/time.h>

finclude <sys/types.h>

#include <unistd.h>

int select (int nfds, fd_set xreadfds, fd_set *writefds, fd_set
xexceptfds, struct timeval xtimeout);
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Description

With the select () function applications can suspend execution until the driver has
captured data or is ready to accept data for output.

When streaming I/0 has been negotiated this function waits until a buffer has been
filled or displayed and can be dequeued with the vIiDI10C_DQBUF ioctl. When
buffers are already in the outgoing queue of the driver the function returns
immediately.

On success select () returns the total number of bits set in the fd_sets. When the
function timed out it returns a value of zero. On failure it returns -1 and the errno
variable is set appropriately. When the application did not call vIDIOC_QBUF or
VIDIOC_STREAMON yet the select () function succeeds, setting the bit of the file
descriptor in readfds or writefds, but subsequent VIDIOC_DQBUF calls will
fail.!

When use of the read () function has been negotiated and the driver does not
capture yet, the select () function starts capturing. When that fails, select ()
returns successful and a subsequent read () call, which also attempts to start
capturing, will return an appropriate error code. When the driver captures
continuously (as opposed to, for example, still images) and data is already available
the select () function returns immediately.

When use of the write () function has been negotiated the select () function just
waits until the driver is ready for a non-blocking write () call.

All drivers implementing the read () or write () function or streaming I/O must
also support the select () function.

For more details see the select () manual page.

Return Value

On success, select () returns the number of descriptors contained in the three
returned descriptor sets, which will be zero if the timeout expired. On error -1 is
returned, and the errno variable is set appropriately; the sets and timeout are
undefined. Possible error codes are:

EBADF

One or more of the file descriptor sets specified a file descriptor that is not
open.
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EBUSY

The driver does not support multiple read or write streams and the device is
already in use.

EFAULT

The readfds, writefds, exceptfds or timeout pointer references an
inaccessible memory area.

EINTR

The call was interrupted by a signal.

EINVAL

The nfds argument is less than zero or greater than FD_SETSIZE.

Notes

1. The Linux kernel implements select () like the pol1 () function, but
select () cannot return a POLLERR.

V4L2 write()

364

Name

v4l2-write — Write to a V4L.2 device
Synopsis

#include <unistd.h>
ssize_t write (int fd, void =*buf, size_t count);

Arguments

fd
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File descriptor returned by open ().

buf

count

Description

write () writes up to count bytes to the device referenced by the file descriptor £d
from the buffer starting at buf. When the hardware outputs are not active yet, this
function enables them. When count is zero, write () returns O without any other
effect.

When the application does not provide more data in time, the previous video frame,
raw VBI image, sliced VPS or WSS data is displayed again. Sliced Teletext or
Closed Caption data is not repeated, the driver inserts a blank line instead.

Return Value

On success, the number of bytes written are returned. Zero indicates nothing was
written. On error, -1 is returned, and the errno variable is set appropriately. In this
case the next write will start at the beginning of a new frame. Possible error codes
are:

EAGAIN

Non-blocking I/O has been selected using the 0_NONBLOCK flag and no buffer
space was available to write the data immediately.

EBADF

£d is not a valid file descriptor or is not open for writing.

EBUSY

The driver does not support multiple write streams and the device is already in
use.

EFAULT

buf references an inaccessible memory area.
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EINTR

The call was interrupted by a signal before any data was written.

EIO

I/O error. This indicates some hardware problem.

EINVAL

The write () function is not supported by this driver, not on this device, or
generally not on this type of device.

Notes

1. The supported standards may overlap and we need an unambiguous set to find
the current standard returned by vIDIOC_G_STD.

1. V4L2_CTRL_FLAG_DISABLED was intended for two purposes: Drivers can skip
predefined controls not supported by the hardware (although returning EINVAL
would do as well), or disable predefined and private controls after hardware
detection without the trouble of reordering control arrays and indices (EINVAL
cannot be used to skip private controls because it would prematurely end the
enumeration).

1. The Linux kernel implements select () like the poll () function, but
select () cannot return a POLLERR.
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/ *

Video for Linux Two header file
Copyright (C) 1999-2007 the contributors

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

Alternatively you can redistribute this file under the terms of the
BSD license as stated below:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMI'
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, Ol
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY O]
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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368

* with

Header file for v4l or V4L2 drivers and applications

public APIT.

* All kernel-specific stuff were moved to media/v4l2-dev.h, so
+ no #1f _ KERNEL tests are allowed here

*

*

*/
#ifndef
#define

See http://linuxtv.org for more info

Author: Bill Dirks <bill@thedirks.org>

Justin Schoeman

Hans Verkuil <hverkuil@xs4all.nl>

et al.

___LINUX_VIDEODEV2_H
___LINUX_VIDEODEV2_ H

#ifdef _ KERNEL_
<linux/time.h> /* need struct timeval =/

#include
felse
#include
#endif
#include
#include
#include

/ *

* Commo

<sys/time.h>

<linux/compiler.h>
<linux/ioctl.h>
<linux/types.h>

n stuff for both V4Ll and V4L2

* Moved from videodev.h

*/
#define
#define

#ifndef

VIDEO_MAX_ FRAME
VIDEO_MAX_PLANES

_ KERNEL___

/+ These defines are V4L1 specific and should not be used with the V4L2 Al
They will be removed from this header in the future. x/

fdefine
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

VID_TYPE_CAPTURE
VID_TYPE_TUNER
VID_TYPE_TELETEXT
VID_TYPE_OVERLAY
VID_TYPE_CHROMAKEY
VID_TYPE_CLIPPING
VID_TYPE_FRAMERAM
VID_TYPE_SCALES
VID_TYPE_MONOCHROME
VID_TYPE_SUBCAPTURE
VID_TYPE_MPEG_DECODER

N -

32
64
128
256
512
1024

/ *
/ *
/ *
/ *
/ *
/ *
/ *
/ *
/ *
/%
/ *

Can capture =/

Can tune =/

Does teletext */

Overlay onto frame buffer */
Overlay by chromakey =/

Can clip =/

Uses the frame buffer memory =,
Scalable =*/

Monochrome only */

Can capture subareas of the im:
Can decode MPEG streams x/
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#define VID_TYPE_MPEG_ENCODER 2048
#define VID_TYPE_MJPEG_DECODER 4096
#define VID_TYPE_MJPEG_ENCODER 8192

#endif

/* Can encode MPEG streams */
/% Can decode MJPEG streams */
/* Can encode MJPEG streams x/

/ *

* MISCELTLANEOTUS

*/

/% Four-character—-code (FOURCC) x*/
#define v412_fourcc(a, b, c, d)\

((_u32) (a) | ((u32) (b) << 8) | ((_u32) (c) << 16) | ((__u32) (d

/%

* ENUMS

*/
enum v412_field {

V4L2_FIELD_ANY = 0, /* driver can choose from none,
top, bottom, interlaced
depending on whatever it thinks
is approximate */

V4L2_FIELD_NONE = 1, /+ this device has no fields */

V4L2_FIELD_TOP = 2, /+ top field only x/

V4L2_FIELD_BOTTOM = 3, /% bottom field only =*/

V4L2_FIELD_INTERLACED 4, /* both fields interlaced =*/

V4L2 FIELD SEQ TB =5, /+ both fields sequential into one
buffer, top-bottom order =x/

V4L2_FIELD_SEQ_BT = 6, /+ same as above + bottom-top order

V4L2_FIELD_ALTERNATE = 7, /+ both fields alternating into
separate buffers =*/

V4L2_FIELD_INTERLACED_TB = 8, /* both fields interlaced, top fiel
first and the top field is
transmitted first */

V4L2_FIELD_INTERLACED_BT = 9, /* both fields interlaced, top fiel
first and the bottom field is
transmitted first */

bi

#define V4L2_FIELD_HAS_TOP (field) \
((field) == V4L2_FIELD_TOP [ 1\
(field) == V4L2_FIELD_INTERLACED ||\
(field) == V4L2_FIELD_INTERLACED_TB ||\
(field) == V4L2_FIELD_INTERLACED_ BT ||\
(field) == V4L2_FIELD_SEQ TB 1\
(field) == V4L2_FIELD_SEQ_BT)

#define V4L2_FIELD_HAS_BOTTOM (field) \

((field) == V4L2_FIELD_BOTTOM 1\

(field) == V4L2_FIELD_INTERLACED ||\
(field) == V4L2_FIELD_INTERLACED_TB ||\
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(field) == V4L2_FIELD_INTERLACED_BT ||\
(field) == V4L2_FIELD_SEQ_TB 1\
(field) == V4L2_FIELD_SEQ_BT)

#define V4L2_FIELD_HAS_BOTH (field) \
((field) == V4L2_FIELD_INTERLACED ||\
(field) == V4L2_FIELD_INTERLACED_TB ||\
(field) == V4L2_FIELD_INTERLACED_BT ||\
(field) == V4L2_FIELD_SEQ_TB ||\
(field) == V4L2_FIELD_SEQ_BT)

enum v412_buf_type {
V4L2_BUF_TYPE_VIDEO_CAPTURE =
V4L2_BUF_TYPE_VIDEO_OUTPUT =
V4L2_BUF_TYPE_VIDEO_ OVERLAY =
V4L2_BUF_TYPE_VBI_CAPTURE =
V4L2_BUF_TYPE_VBI_OUTPUT =
V4L2_BUF_TYPE_SLICED_VBI_CAPTURE =
V4L2_ BUF_TYPE_SLICED VBI_OUTPUT

~ ~

~

~

~

~ o U w N

~

#1f 1
/* Experimental =/
VA4L2_BUF_TYPE_VIDEO_OUTPUT OVERLAY

Il
[¢¢)
~

#endif
V4L2_BUF_TYPE_VIDEO_CAPTURE_MPLANE
V4L2_BUF_TYPE_VIDEO_OUTPUT_MPLANE
V41L2_BUF_TYPE_PRIVATE = 0x80,

[t
= O
[
~

}i

#define V4L2_TYPE_IS_MULTIPLANAR (type) \
((type) == V4L2_BUF_TYPE_VIDEO_CAPTURE_MPLANE \
|| (type) == V4L2_BUF_TYPE_VIDEO_OUTPUT_MPLANE)

#define V4L2_TYPE_TIS_OUTPUT (type)
((type) == V4L2_BUF_TYPE_VIDEO_OUTPUT
|| (type) == V4L2_BUF_TYPE_VIDEO_OUTPUT_MPLANE
|| (tYP e) == V41L2_BUF_TYPE_ VIDEO_OVERLAY
| | (type) == V4L2_BUF_TYPE_VIDEO_OUTPUT_OVERLAY
| | (type) == V4L2_BUF_TYPE_VBI_OUTPUT
| | (type) == V4L2_BUF_TYPE_SLICED_VBI_OUTPUT)

enum v41l2_tuner_type {

V4L2_TUNER_RADIO =1,
V4L2_TUNER_ANALOG_TV = 2,
V4L2_TUNER _DIGITAL_TV = 3,

bi
enum v412_memory {

V412_MEMORY MMAP =1,
V4L2_MEMORY_ USERPTR =2,
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V4L2_ MEMORY OVERLAY = 3,
}i

/+ see also http://vektor.theorem.ca/graphics/ycbcr/ =/
enum v412_colorspace {
/* ITU-R 601 -- broadcast NTSC/PAL x/
V4L2_COLORSPACE_SMPTE170M =1,

/+ 1125-Line (US) HDTV x/

VA4L2_COLORSPACE_SMPTE240M = 2,
/* HD and modern captures. x/
V4L2_COLORSPACE_REC709 = 3,

/* broken BT878 extents (601, luma range 16-253 instead of 16-235

V4L2 COLORSPACE _BT878 = 4,
/* These should be useful. Assume 601 extents. =*/
V4L2_COLORSPACE_470_SYSTEM M = 5,

V4L2_COLORSPACE_470_SYSTEM_BG = 6,

/* I know there will be cameras that send this. So, this is
* unspecified chromaticities and full 0-255 on each of the
* Y'"CbCr components
*/

V4L2_COLORSPACE_JPEG =1,

/+ For RGB colourspaces, this is probably a good start. =/
V4L2_COLORSPACE_SRGB = 83,

}i

enum v41l2_priority {
V4L2_PRIORITY_UNSET =
V4L2_PRIORITY_BACKGROUND =
V4L2_PRIORITY_INTERACTIVE
VA4L2_PRIORITY_RECORD =
V4L2_PRIORITY_DEFAULT

, /+* not initialized =/

4

0
1
2,
3

4

V412 PRIORITY INTERACTIVE,
}i

struct v412_rect {
832 left;
832 top;
_ s32 width;
_ 832 height;
bi

struct v412_ fract {
_u32 numerator;
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_u32 denominator;

bi

/ *

* DRIVER CAPABILTITTIES

*/

struct v41l2_capability {
__u8 driver[16]; /* 1.e.ie; "bttv" */
__u8 card[32]; /* i.e.ie; "Hauppauge WinTV" «*/
__us8 bus_info[32]; /* "PCI:" + pci_name (pci_dev) =/
_u32 version; /* should use KERNEL_VERSION () =*/
_ u32 capabilities; /* Device capabilities x/
__u32 reserved[4];

}i

/* Values for ’'capabilities’ field */
#define V4L2_CAP_VIDEO_CAPTURE
#define V4L2_CAP_VIDEO_OUTPUT

#define V4L2_CAP_VIDEO_OVERLAY
#define V4L2_CAP_VBI_CAPTURE

#define V4L2_CAP_VBI_OUTPUT

#define V4L2_CAP_SLICED_VBI_CAPTURE
#define V4L2_CAP_SLICED_VBI_OUTPUT
#define V4L2_CAP_RDS_CAPTURE

#define V4L2_CAP_VIDEO_OUTPUT_OVERLAY
#define V4L2_CAP_HW_FREQ_SEEK

#define V4L2_CAP_RDS_OUTPUT

0x00000001 /% Is a video capture
0x00000002 /* Is a video output ¢
0x00000004 /+ Can do video overl:
0x00000010 /* Is a
0x00000020 /% Is a raw VBI outpu
0x00000040 /* Is a sliced VBI caj
0x00000080 /% Is a sliced VBI ou
0x00000100 /+ RDS data capture =,
0x00000200 /* Can do video output
0x00000400 /+ Can do hardware fr«
0x00000800 /% Is an RDS encoder -

raw VBI captu:

/+ Is a video capture device that supports multiplanar formats =*/
#define V4L2_CAP_VIDEO_CAPTURE_MPLANE 0x00001000
/+ Is a video output device that supports multiplanar formats =/

#define V4L2_CAP_VIDEO_ OUTPUT_MPLANE 0x00002000
#define VA4L2_CAP_TUNER 0x00010000 /% has a tuner */
#define V4L2_CAP_AUDIO 0x00020000 /+* has audio support
#define V4L2_CAP_RADIO 0x00040000 /% is a radio device
#define V4L2_CAP_MODULATOR 0x00080000 /* has a modulator =/
#define V4L2_CAP_READWRITE 0x01000000 /% read/write systemc:
#define V4L2_CAP_ASYNCIO 0x02000000 /% async I/O x/
#define V4L2_CAP_STREAMING 0x04000000 /+* streaming I/0 ioct.
/ *
* vV IDEDO I MAGE FORMAT
*/
struct v41l2_pix_format {
_ u32 width;
_u32 height;
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/* RGB formats x/

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

/* Grey
#define
#define
#define
#define
#define

/* Grey
#define

_u32 pixelformat;

enum v412_field field;

_u32 bytesperline; / *
__u32 sizeimage;

enum v41l2_colorspace colorspace;

__u32 priv; / *
Pixel format FOURCC
V4L2_PIX_FMT_RGB332 wv412_ fourcc('R’, 'G’,
VA4L2_PIX_FMT_RGB444 v412_fourcc('R’, "4',
V4L2_PIX_FMT_RGB555 wv412_ fourcc('R’, 'G’,
V4L2_PIX_FMT_RGB565 wv412_ fourcc('R’, 'G’,
V4L2_PIX_FMT_RGB555X v412_ fourcc('R’, 'G’,
V4L2_PIX_FMT_RGB565X v412_ fourcc('R’, 'G’',

V4L2_PIX_FMT_BGR666 v41l2_ fourcc('B’, 'G’,
V4L2_PIX_FMT_BGR24 v41l2_fourcc (’'B’ G,
V4L2_PIX_FMT_RGB24 v41l2_fourcc ('R’ "Gc",
V4L2_PIX_FMT_BGR32 v41l2_fourcc ('B’ rG’,
V4L2_PIX_FMT_RGB32 v41l2_fourcc ('R’ rG’,
formats */

V4L2_PIX_FMT_GREY v412_fourcc (' G’ "R’,
V4L2_PIX_FMT_Y4 v41l2_fourcc ('Y’ "o,
V4L2_PIX_FMT_Y6 v41l2_fourcc ('Y’ "o,
V4L2_PIX_FMT_Y10 v41l2_fourcc ('Y’ rir,
V4L2 PIX_FMT_Y16 v412_ fourcc ('Y’ rlr

bit-packed formats x/
VAL2_PIX_FMT_Y10BPACK

/* Palette formats =/

#define

V4L2_PIX_FMT_ PALS

v41l2_fourcc('Y’,

v412_fourcc (’'P’

/* Luminance+Chrominance formats =/

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

V4L2_PIX_FMT_YVU410
V4L2_PIX_FMT_YVU420

V4L2_PIX_FMT_YUYV
V4L2_PIX_FMT_YYUV
V4L2_PIX_FMT_YVYU
V4L2_PIX_FMT_UYVY
V4L2_PIX_FMT_VYUY

V4L2_PIX_FMT_ YUV422P
V4L2_PIX_FMT _YUV41l1lP

V4L2_PIX_FMT_YA41P

V4L2_PIX_FMT_YUV444

v412_fourcc ('Y’
v41l2_fourcc ('Y’
v41l2_fourcc ('Y’
v41l2 fourcc ('Y’
v41l2_ _fourcc ('Y’
v41l2_ fourcc (U’
v41l2_ fourcc ('V’

v412_fourcc(’4’,
v41l2_fourcc(’4’,
v41l2_fourcc('Y’,
v41l2_fourcc('Y’,

IAI

IVI
IVI
IUI
IYI
IVI
IYI
IYI
121

Ill,

I4I
741

4

4

for padding,

zero 1f ui

private data, depends

depth Descr.
"B’ "1") /+x 8 RGB-3:
r4r T47) /x 16 XXXXT:
"B, '0O’") /% 16 RGB-5-
"B’, 'P’) /x 16 RGB-5-
"B’ Q") /+ 16 RGB-5-
"B’, 'R’") /x 16 RGB-5-
"R’ "H") /+ 18 BGR-6-
'R’ "3") /x 24 BGR-8-
"B’ "3") /x 24 RGB-8-
"R’, "4") /% 32 BGR-8-
"B’ "47) /x 32 RGB-8-
"E', 'Y") /* 8 Greys
rar, oy /x4 Greys
e, " ") /x 6 Greys
"o, " ") /* 10 Greys«
6", " ")y /x 16 Greys
1’7, '0’, 'B’) /x 10 G
"L, '8") /« 8 8-bit
'u’, '9") /% 9 YVU 4
r1r r2")y /x 12 YVU 4
ry’ V') /+ 16 YUV 4
ru’ 'Vv') /x 16 YUV 4
Ty’ "U’) /x 16 YVU 4:.
VI, Y'Y /x 16 YUV 4
"y’ "Y") /+ 16 YUV 4
T2, 'P") /% 16 YVU42
r1r "P’) /x 16 YVU41.
r1r P’y /x 12 YUV 4
r4r, T4y /x 16 XXXXY!

373



Appendix B. Video For Linux Two Header File

374

#define V4L2_PIX FMT_YUV555 wv412_ fourcc(’'Y’", 'U’', 'V', "0’) /+ 16 YUV-5-
#define V4L2_PIX_ _FMT_YUV565 v412_fourcc(’'Y’, 'U’', 'V', "P’') /+x 16 YUV-5-
#define V4L2_PIX_FMT_YUV32 v41l2_fourcc('Yy’, 'U’, V', "4") /x 32 YUV-8-
#define VAL2_PIX_FMT_YUV41l0 v412 fourcc('Y’, 'U’, 'V', '9’) /x 9 YUV 4
#define V4L2_PIX_FMT_YUV420 wv412_fourcc(’'Y’, 'U’, 717, 72") /% 12 YUV 4
#define V4L2_PIX_FMT_HIZ240 v412_fourcc('H’, 'I’, '2', '4") /x 8 8-bit
#define V4L2_PIX_FMT_HMI12 v41l2_fourcc ('H’, 'M', "1"', '2") /x 8 YUV 4
#define V4L2_PIX_FMT_M420 v412_fourcc ('M’, 747, '2', '0') /*x 12 YUV 4
/* two planes —-- one Y, one Cr + Cb interleaved «/
#define V4L2_PIX FMT_NV12 v41l2_fourcc ('N", 'v', 17, '2") /% 12 Y/CbC:
#define V4L2_PIX_FMT_NV21 v41l2_fourcc('N7, V', '2', '1") /% 12 Y/CrC]
#define V4L2_PIX_FMT_NV16 v41l2_fourcc('N’, V', '1', '6’) /*x 16 Y/CbC:
#define V4L2_PIX_FMT _NV61l v41l2_fourcc('N’, V', '6’, '1") /x 16 Y/CrC]
/* two non contiguous planes - one Y, one Cr + Cb interleaved «/
#define V4L2_PIX_FMT_NV12M v41l2_fourcc ('N’, 'M’, "17', '2") /x 12 Y/CbC:
#define V4L2_PIX FMT_NV12MT v41l2_ fourcc('T’, 'M", "1', "2’) /% 12 Y/CbC:
/+ three non contiguous planes - Y, Cb, Cr */
#define V4L2_PIX _FMT_YUV420M v41l2_fourcc('Y’", 'M", "1', "27) /% 12 YUVA42I
/* Bayer formats - see http://www.siliconimaging.com/RGB%20Bayer.htm x/
#define V4L2_PIX_FMT_SBGGR8 v41l2_ fourcc('B’, 'A’", 78’, "1") /+ 8 BGBG.
#define V4L2_PIX _FMT_SGBRGS8 v41l2_ fourcc(’'G’, 'B’, 'R', '"G’") /+ 8 GBGB.
#define V4L2_PIX_FMT_SGRBG8 wv412_ fourcc(’'G’, '"R’, 'B’, 'G") /* 8 GRGR.
#define V4L2_PIX_ FMT_SRGGBR8 wv41l2_fourcc('R’, 'G’', 'G’', "B’) /+ 8 RGRG.
#define V4L2_PIX_FMT SBGGR10 v412 fourcc(’'B’, 'G’, '1’, '0’) /% 10 BGBG.
#define V4L2_PIX_FMT_SGBRG10 v412_ fourcc('G’", "B’", 1’7, '0") /* 10 GBGB.
#define V4L2_PIX_ FMT_SGRBG10 v412_fourcc('B’, ’'A’", 71’, "0’) /+ 10 GRGR.
#define V4L2_PIX_FMT_SRGGR10 v41l2_fourcc('R’, 'G’", "1', "0’) /+ 10 RGRG.

/* 10bit raw bayer DPCM compressed to 8 bits x/
#define V4L2_PIX FMT_SGRBG10DPCM8 v412_fourcc(’'B’, ’'D’, 71’7, "0")

/ *

+ 10bit raw bayer, expanded to 16 bits

* XXXXIIIIIIYrrrrxxxxgggggggggg xxXxxggggggggggxxxxbbbbbbbbbb. . .

*/
#define V4L2_PIX_FMT_SBGGR1l6 v41l2_ fourcc('B’, ’'Y’", 'R’', "2') /% 16 BGBG.
/* compressed formats «*/
#define V4L2_PIX_FMT_MJPEG v412_ fourcc ("M’ rgr, 'p’ "G") /x Motion-JI
#define V4L2_PIX_FMT_JPEG v4l2_ fourcc('J’, 'P’, 'E’', 'G’') /+ JFIF JPE(
#define VAL2_PIX_FMT_DV v41l2_fourcc('d’, 'v’, ’'s’, 'd’) /x 1394
#define V4L2_PIX_FMT_MPEG v412_ fourcc ("M’ rpr, 'E’ "G") /+ MPEG-1/2,
/* Vendor-specific formats */
#define V4L2_PIX _FMT_CPIAl v41l2_ fourcc ('C’ rpr, "1’ "A") /x cpial YU
#define V4L2_PIX_FMT_WNVA v412_fourcc ("W’ 'NT, TV "A") /% Winnov h
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#define V4L2_PIX_FMT_SNO9C10X wv41l2_ fourcc(’Ss’,

#define V4L2_PIX_FMT_SNO9C20X_I420 v412_fourcc(’S’,

#define V4L2_PIX_FMT_PWC1 v41l2_fourcc('P’,
#define V4L2_PIX FMT_PWC2 v412_ fourcc ('P
#define V4L2_PIX_FMT_ET61X251 v41l2_fourcc ('E
#define V4L2_PIX_FMT_SPCA501 wv412_ fourcc(’S
#define V4L2_PIX _FMT_SPCA505 wv412_ fourcc(’S
#define V4L2_PIX_FMT_SPCA508 wv412 fourcc ('S
#define V4L2_PIX_FMT_SPCA561 v412_ fourcc(’S

#define V4L2_PIX FMT_PAC207 v412_fourcc
#define V4L2_PIX FMT_MRO97310A v412_ fourcc
#define V4L2_PIX_FMT_SN9C2028 v41l2_fourcc
#define V4L2_PIX_FMT_SQ905C v412_fourcc
#define V4L2_PIX FMT_PJPG v412_fourcc
#define V4L2_PIX FMT_O0OV511 v412_fourcc
#define V4L2_PIX_FMT_0OV518 v412_ fourcc
#define V4L2_PIX_FMT_STV0680 v41l2_ fourcc

#define V4L2_PIX FMT_TM6000 v41l2_fourcc ('T’,
#define V4L2_PIX_FMT_CIT_YYVYUY v41l2_ fourcc(’C’
#define V4L2_PIX_FMT_KONICA420 wv41l2_ fourcc('K’,

IPI
"™

4

r

4

r
r

/ *
* F ORMAT ENUMERATTION
*/
struct v412_fmtdesc {
_u32 index;
enum v412_buf_type type;
__u32 flags;
_us8 description[32];
_u32 pixelformat;
__u32 reserved[4];

}i

#define V4L2_FMT_FLAG_COMPRESSED 0x0001
#define V4L2_FMT_FLAG_EMULATED 0x0002

S
"9
P

@)
0]
S

’9/, ’l’, ’OI) /*
’9’, /2’, ’O’)
’W’, ,C,, ’1’) /*
’W’, ’C,, ’2’) /*
’6/, 12’, ’5/) /‘k
’5’, ’O,, ’1’) /*
15’, ’O,, 15’) /*
’5/, ’O’, ’8/) /*
’5’, ’6’, ’l’) /‘k
’2’, ,O,, ’7’) /*
’3’, ’l,, IO’) /*
Iol, ,N’, le) /*
’O’, ’5,, ’C’) /*
IJ’, ,P,, IG’) /*
’5/, ’l,, ’1/) /*
’5’, ’l’, ’8’) /‘k
’6’, ,8,, ’O’) /*
IM’, ’6,, IO’) /*
, II’, ,T’, Iv’)
’O’, ,N/’ ’I’)
/* Format number

/ *

/ *
/ *

buffer type

SNI9C10x ¢

/* SNOC!
pwc olde:
pwc newe:
ET61X251
YUYV per
YYUV per
YUVY per
compres st
compresse
compresse
compres st
compresse
Pixart 7.
ov511 JP]I
ov518 JP]I
stv0680 |
tm5600/tr

/% one 1ii
/* YUV420

*/
*/

Description string =/

Format fourcc

#if 1
/+ Experimental Frame Size and frame rate enumeration =/
/ *
* FRAME S I Z2 E ENUMERATTION
*/

enum v412_frmsizetypes {
V4L2_FRMSIZE_TYPE DISCRETE
VAL2_FRMSIZE_TYPE_CONTINUOUS
VAL2_FRMSIZE_TYPE_STEPWISE

}i

struct v412_frmsize_discrete {

375

*/
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_u32
__u32
}i

struct v412_frmsize_stepwise {

_u32

_u32

_u32

_u32

_u32

__u32
bi

struct v412_frmsizeenum {

_ u32 index;
_u32 pixel_format;
_u32 type;
union {
struct v412_frmsize_discrete
struct v41l2_frmsize_stepwise
bi
__u32 reserved[2];
}i
/ *
* F RAME RATE ENUMETRAT
*/
enum v412_frmivaltypes {
V4L2_ FRMIVAL_TYPE DISCRETE =1,
V412 _FRMIVAL_TYPE_CONTINUOUS =2,
V4L2_FRMIVAL_TYPE_STEPWISE = 3,

}i

struct v41l2_frmival_stepwise {
struct v41l2 fract
struct v412_fract
struct v412_fract

}i

struct v412_frmivalenum ({

__u32
_u32
_u32
_u32
_u32

width;
height;

min_width;
max_width;
step_width;
min_height;
max_height;
step_height;

min;
max;
step;

index;
pixel_format;
width;
height;

type;

/ *
/ *

/ *
/ *
/ *
/ *
/%
/ *

/ *
/ *
/%

/ *

Frame width [pixel] =/
Frame height [pixel] x,

Minimum frame width [p.
Maximum frame width [p:
Frame width step size

Minimum frame height [;
Maximum frame height I[j
Frame height step size

Frame size number x/
Pixel format =/
Frame size type the de:

Frame size «*/

discrete;

stepwise;

/ *

/ *
/ *
/%

/ *
/ *
/ *
/ *
/ *

Reserved space for fut:

Minimum frame interval
Maximum frame interval
Frame interval step si

Frame format index =/
Pixel format =*/

Frame width */

Frame height =/

Frame interval type th
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union { /+ Frame interval =*/
struct v41l2_fract discrete;
struct v41l2_frmival_stepwise stepwise;
bi
_u32 reserved[2]; /+ Reserved space for fut:
bi
#endif
/ *
* TIMETCOTDE
*/

struct v412_timecode {
__u32 type;
_u32 flags;

~u8 frames;

_u8 seconds;
__u8 minutes;
_u8 hours;

__u8 userbits[4];

}i

/x  Type x/

#define V4L2_TC_TYPE_24FPS 1
#define V4L2_TC_TYPE_25FPS 2
#define V4L2_TC_TYPE_30FPS 3
#define V4L2_TC_TYPE_50FPS 4
#define V4L2_TC_TYPE_G60FPS 5

/+ Flags «/

#define V4L2_TC_FLAG_DROPFRAME 0x0001 /* "drop-frame" mode */
#define V4L2_TC_FLAG_COLORFRAME 0x0002
#define V4L2_TC_USERBITS_field 0x000C
#define V4L2_TC_USERBITS_USERDEFINED 0x0000
#define V4L2_TC_USERBITS_8BITCHARS 0x0008

/+ The above is based on SMPTE timecodes x/

struct v41l2_jpegcompression {
int quality;

int APPn; /+ Number of APP segment to be written,

* must be 0..15 %/
int APP_len; /* Length of data in JPEG APPn segment =/
char APP_datal[60]; /+ Data in the JPEG APPn segment. =*/
int COM_len; /+ Length of data in JPEG COM segment =/
char COM_datal[60]; /+ Data in JPEG COM segment =*/

377
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__u32 jpeg_markers;

/* Which markers should go into the JPEG

* output.

* you do,

Unless you exactly know what
leave them untouched.

* Inluding less markers will make the

* resulting code smaller,

but there will

* be fewer applications which can read i

* The presence of the APP and COM marker
* 1s influenced by APP_len and COM_len

* ONLY, not by this property! =x/
#define V4L2_JPEG_MARKER_DHT (1<<3) /* Define Huffman Tables */
#define V4L2 JPEG_MARKER DQT (1<<4) /+ Define Quantization Tables =*/
#define V4L2_JPEG_MARKER_DRI (1<<5) /* Define Restart Interval =*/
#define V4L2_JPEG_MARKER_COM (1<<6) /+ Comment segment x*/
#define V4L2_JPEG_MARKER_APP (1<<7) /* App segment, driver will
*+ allways use APP0O */
bi
/ *
* MEMORY-MAPPTING BUFFERS
*/
struct v41l2_requestbuffers {
_u32 count;
enum v41l2_buf_type type;
enum v41l2_memory memory;
_u32 reserved[2];
bi
/K%
« struct v412_plane - plane info for multi-planar buffers
* @bytesused: number of bytes occupied by data in the plane (pa:
* @length: size of this plane (NOT the payload) in bytes

* @mem_offset:

when memory in the associated struct v412_buffer

* V4L2_MEMORY_MMAP, equals the offset from the start
* the device memory for this plane (or is a "cookie
* should be passed to mmap() called on the video noc
* Quserptr: when memory is V4L2_MEMORY_USERPTR, a userspace p«
* pointing to this plane

* @data_offset: offset in the plane to the start of data; usually
* unless there is a header in front of the data

* Multi-planar buffers consist of one or more planes,
* with two planes can have one plane for Y,

* components.

* a completely separate memory node

*/
struct v41l2_plane {
_u32

Fach plane can reside in a separate memory buffer,

(e.qg.

bytesused;

e.g. an YCbCr buff
and another for interleaved (
or even
in embedded devices).



}i

/%%

*

*

*/
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_u32 length;
union {
__u32 mem_offset;
unsigned long userptr;
}om;
__u32 data_offset;
__u32 reserved[1l1l];
struct v41l2_buffer - video buffer info
@index: id number of the buffer
Qtype: buffer type (type == %_MPLANE for multiplanar buffers)

@bytesused: number of bytes occupied by data in the buffer (payload);
unused (set to 0) for multiplanar buffers

@flags: buffer informational flags

@field: field order of the image in the buffer

@timestamp: frame timestamp

@timecode: frame timecode

@sequence: sequence count of this frame

@memory: the method, in which the actual video data is passed

@Qoffset: for non-multiplanar buffers with memory == V4L2_MEMORY_MM;
offset from the start of the device memory for this plane
(or a "cookie" that should be passed to mmap() as offset)

@Quserptr: for non-multiplanar buffers with memory == V4L2_MEMORY_US]I
a userspace pointer pointing to this buffer

@planes: for multiplanar buffers; userspace pointer to the array o:
info structs for this buffer

@length: size in bytes of the buffer (NOT its payload) for single-j
buffers (when type !'= x_MPLANE); number of elements in th

planes array for multi-plane buffers
@input: input number from which the video data has has been captu:

Contains data exchanged by application and driver using one of the Str
I/0 methods.

struct v412 buffer {

_u32 index;
enum v412_buf_type type;
_u32 bytesused;
_u32 flags;
enum v41l2_field field;
struct timeval timestamp;
struct v412_ timecode timecode;
__u32 sequence;

/* memory location =/
enum v41l2_memory memory;

379
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}i

union {
_u32 offset;
unsigned long userptr;
struct v41l2_plane *planes;
}om;
__u32 length;
__u32 input;
_u32 reserved;

/* Flags for ’flags’ field =/

#define V4L2_RUF_FLAG_MAPPED 0x0001
#define V4L2_BUF_FLAG_QUEUED 0x0002
#define V4L2_BUF_FLAG_DONE 0x0004
#define V4L2_BUF_FLAG_KEYFRAME 0x0008
#define V4L2_RUF_FLAG_PFRAME 0x0010
#define V4L2_BUF_FLAG_BFRAME 0x0020
/+ Buffer is ready,
#define V4L2_BUF_FLAG_ERROR 0x0040
#define V4L2_BRUF_FLAG_TIMECODE 0x0100
#define V4L2_BUF_FLAG_INPUT 0x0200
/ %

* OVERILAY PREVIEW

*/

struct v412_ framebuffer {
__u32 capability;

/* FIXME:

__u32 flags;

/* Buffer is mapped (flag) =/

/+ Buffer is queued for processin
/* Buffer is ready =*/

/+ Image is a keyframe (I-frame)
/* Image is a P-frame x/

/+ Image is a B-frame x/

but the data contained within is corrupted. =/

/* timecode field is valid =/
/+ input field is valid x/

in theory we should pass something like PCI device + memory

* region + offset instead of some physical address */

}i

/* TFlags for the ’capability’

#define
#define
#define
#define
#define
#define
#define
#define

void *base;
struct v41l2_pix_format fmt;

V4L2_FBUF_CAP_EXTERNOVERLAY
V4L2_FBUF_CAP_CHROMAKEY
V4L2_FBUF_CAP_LIST_CLIPPING
V4L2_FBUF_CAP_BITMAP_CLIPPING
V4L2_FBUF_CAP_LOCAL_ALPHA
V4L2_FBUF_CAP_GLOBAL_ALPHA
V4L2_FBUF_CAP_LOCAL_INV_ALPHA
V4L2_FBUF_CAP_SRC_CHROMAKEY

/* Flags for the ’flags’ field. x/

#define
#define
#define
#define
#define

V4L2_FBUF_FLAG_PRIMARY
V4L2_FBUF_FLAG_OVERLAY
V4L2_FBUF_FLAG_CHROMAKEY
V4L2_FBUF_FLAG_LOCAL_ALPHA
V4L2_FBUF_FLAG_GLOBAL_ALPHA

field. Read only =/

0x0001
0x0002
0x0004
0x0008
0x0010
0x0020
0x0040
0x0080

0x0001
0x0002
0x0004
0x0008
0x0010



#define V4L2_FBUF_FLAG_LOCAL_INV_ALPHA
#define V4L2_FBUF_FLAG_SRC_CHROMAKEY

struct v41l2_clip {
struct v41l2_ rect
struct v41l2_clip

}i

struct v412_window {
struct v41l2_rect
enum v412_field
_u32
struct v4l2_clip
_u32
void
~u8

}i

/ *
* CAPTTURE
*/
struct v41l2_captureparm {
_u32
_u32
struct v412_fract
_u32
_u32
_u32
bi

/+ Flags for ’capability’
#define V4L2_MODE_HIGHQUALITY
#define V4L2_CAP_TIMEPERFRAME

struct v412_outputparm {

__u32
_u32
struct v412_fract
_u32
_u32
_u32
bi
/ *
* I NP UT
*/
struct v41l2_cropcap {

enum v412_buf_ type

IMAGE
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0x0020
0x0040

(o)
user xnext;

W;
field;
chromakey;
__user +*clips;
clipcount;
__user xbitmap;
global_alpha;

PARAMETERS

capability; /* Supported modes */

capturemode; /* Current mode x/

timeperframe; /+ Time per frame in .lus unit:
Driver—-specific extensions

# of buffers for read */

extendedmode; /*
readbuffers; / *
reserved[4];

and ’capturemode’ fields */

0x0001 /* High quality imaging mode x*/

0x1000 /x timeperframe field is support
capability; /+ Supported modes =*/
outputmode; /% Current mode x/

timeperframe; /+x Time per frame in seconds x/

extendedmode; /* Driver-specific extensions x*
writebuffers; /+ # of buffers for write x/

reserved[4];

CROPPTING

type;

381
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struct v41l2_ rect
struct v41l2_rect
struct v412_fract

}i

struct v41l2_crop {

enum v41l2_buf_type
struct v41l2_rect
bi
/ %
* ANATLOG
*/

typedef __ _u64 v41l2_std_id;

/x one bit for each x/
#define V4L2_STD_PAL_B
#define V4L2_STD_PAL_ Bl
#define V4L2_STD_PAL_ G
#define V4L2_STD_PAL_H
#define V4L2_STD_PAL_I
#define V4L2_STD_PAL_D
#define V4L2_STD_PAL_ D1
#define V4L2_STD_PAL_K

#define V4L2_STD_PAL_M
#define V4L2_STD_PAL_N
#define V4L2_STD_PAL_Nc
#define V4L2_STD_PAL_60

#define V4L2_STD_NTSC M

#define V4L2_STD_NTSC_M_JP

#define V4L2_STD_NTSC_443

#define V4L2_STD_NTSC_M_ KR

#define V4L2_STD_SECAM B
#define V4L2_STD_SECAM_D
#define V4L2_STD_SECAM G
#define V4L2_STD_SECAM H
#define V4L2_STD_SECAM_K
#define V4L2_STD_SECAM K1
#define V4L2_STD_SECAM L
#define V4L2_STD_SECAM_LC

/* ATSC/HDTV =%/

#define V4L2_STD_ATSC_8_VSB
#define V4L2_STD_ATSC_16_VSB

vV IDEDO

bounds;
defrect;
pixelaspect;

type;

S TANDARD

((v41l2_std_1id)0x00000001)
((v41l2_std_1id)0x00000002)
((v41l2_std_id) 0x00000004)
((v41l2_std_1id) 0x00000008)
((v41l2_std_1id)0x00000010)
((v4l2_std_id) 0x00000020)
((v4l2_std_1id)0x00000040)
((v41l2_std_1id)0x00000080)

((v4l2_std_id) 0x00000100)
((v41l2_std_1id) 0x00000200)
((v41l2_std_1id)0x00000400)
((v4l2_std_id) 0x00000800)
((v41l2_std_1id)0x00001000)
((v41l2_std _1id)0x00002000)
((v41l2_std_id) 0x00004000)
((v4l2_std_1id)0x00008000)

((v4l2_std_id) 0x00010000)
((v41l2_std_1id)0x00020000)
((v4l2_std_1id)0x00040000)
((v41l2_std_1id)0x00080000)
((v4l2_std_id) 0x00100000)
((v4l2_std_1id)0x00200000)
((v41l2_std_1id)0x00400000)
((v41l2_std_id) 0x00800000)

((v412_std_id)0x01000000)
((v41l2_std_id) 0x02000000)
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/+ FIXME:
Although std_id is 64 bits, there is an issue on PPC32 architecture th:
makes switch(__u64) to break. So, there’s a hack on v4l2-common.c rount

this value to 32 bits.

As, currently, the max value is for V4L2_STD_ATSC_16_VSB (30 bits wide,
it should work fine. However, if needed to add more than two standards
v4l2-common.c should be fixed.

*/

/+ some merged standards =/

#define V4L2_STD_MN (V4L2_STD_PAL_M|V4L2_STD_PAL_N|V4L2_STD_PAL_Nc|V4:
#define V4L2_STD_B (V4L2_STD_PAL_B|V4L2_STD_PAL_B1|V4L2_STD_SECAM_ B)
#define V4L2_STD_GH (VAL2_STD_PAIL_G|V4L2_STD_PAL_H|V4L2_STD_SECAM G|V
#define V4L2_STD_DK (VAL2_STD_PAL_DK|V4L2_STD_SECAM_DK)

/% some common needed stuff =/

#define V4L2_STD_PAL_BG (V4L2_STD_PAI_B I\
V4L2_STD_PAL_B1 I\
V4L2_STD_PAL_G)

#define V4L2_STD_PAL_DK (V4L2_STD_PAIL_D I\
V4L2_STD_PAL_D1 I\
V4L2_STD_PAL_K)

#define V4L2_STD_PAL (V4L2_STD_PAL_BG I\
V4L2_STD_PAIL_DK I\
V4L2_STD_PAIL_H I\
V4L2_STD_PAL_1I)

#define V4L2_STD_NTSC (VA4L2_STD_NTSC_M I\
V4L2_STD_NTSC_M_JP [\
V4L2_STD_NTSC_M_KR)

#define V4L2_STD_SECAM_DK (V4L2_STD_SECAM_D [\
V4L2_STD_SECAM_K I\
V4L2_STD_SECAM_K1)

#define V4L2_STD_SECAM (VAL2_STD_SECAM_B I\
V4L2_STD_SECAM_G I\
V4L2_STD_SECAM_H I\
V4L2_STD_SECAM_DK I\
VA4L2_STD_SECAM_L I\

V4L2_STD_SECAM_LC)

#define V4L2_STD_525_60 (V4L2_STD_PAL_M I\
V4L2_STD_PAL_60 I\
V4L2_STD_NTSC I\
V4L2_STD_NTSC_443)

#define V4L2_STD_625_50 (VAL2_STD_PAL I\
V4L2_STD_PAL_N I\
V4L2_STD_PAIL_Nc I\

V4L2_STD_SECAM)
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#define V4L2_STD_ATSC (V4L2_STD_ATSC_8_VSB I\
V4L2_STD_ATSC_16_VSB)

#define V4L2_STD_UNKNOWN 0
#define V4L2_STD_ALL (V4L2_STD_525_60 I\
V4L2_STD_625_50)

struct v412_ standard {

_u32 index;
v41l2_std_id id;
_u8 name[24];
struct v412_fract frameperiod; /* Frames, not fields =*/
__u32 framelines;
__u32 reserved[4];
bi
/ %
* V IDEDO TIMTINGS DV PRESET
*/

struct v412_dv_preset {
__u32 preset;

_u32 reserved[4];
}i
/%
* DV PRESETS ENUMEIRATTION
x/

struct v41l2_dv_enum_preset {
_ u32 index;
_u32 preset;
__us8 name [32]; /+ Name of the preset timing =/
_ u32 width;
_u32 height;

__u32 reserved[4];

bi

/ *

* DV PRESET VALUES

*/
#define V4L2_DV_INVALID 0
#define V4L2_DV_480P59_94 1 /+« BT.1362 «*/
#define V4L2_DV_576P50 2 /x BT.1362 */
#define V4L2_DV_720P24 3 /x SMPTE 296M */
#define V4L2_DV_720P25 4 /+ SMPTE 296M x/
#define V4L2_DV_720P30 5 /% SMPTE 296M x/
#define V4L2_DV_720P50 6 /% SMPTE 296M x/
#define V4L2_DV_720P59_94 7 /% SMPTE 274M «/
#define V4L2_DV_720P60 8 /+ SMPTE 274M/296M =/
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/ *
* D V
*/

/* BT.656/BT.1120 timing data =*/
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V4L2_DV_1080I29_

V4L2_DV_1080I30
V4L2_DV_1080I25
V4L2_DV_1080I50
V4L2_DV_1080I60
V4L2_DV_1080P24
V4L2_DV_1080P25
V4L2_DV_1080P30
V4L2_DV_1080P50
V4L2_DV_1080P60

B T

struct v412_bt_timings {

_u32
_u32
_u32
_u32
__uo64
_u32
_u32
_u32
_u32
_u32
_u32
__u32

u32

u32

_u32
} __attribute

width;
height;
interlaced;
polarities;
pixelclock;
hfrontporch;
hsync;
hbackporch;
vifrontporch;
vsync;
vbackporch;
il_vfrontporch;

il_vsync;

il_vbackporch;

reserved[1l6];
( (packed));

97 9 /+x BT.1120/ SMPTE 274M =x/
10 /+ BT.1120/ SMPTE 274M x/
11 /% BT.1120 x/
12 /% SMPTE 296M x/
13 /+ SMPTE 296M =/
14 /x SMPTE 296M =/
15 /% SMPTE 296M x/
16 /* SMPTE 296M x/
17 /% BT.1120 «/
18 /% BT.1120 «/

TIMTINGS

/* width in pixels */

/* height in lines =*/

/+ Interlaced or progressive =/

/+ Positive or negative polarity =*/

/* Pixel clock in HZ. Ex. 74.25MHz->74250

/+ Horizpontal front porch in pixels */

/+ Horizontal Sync length in pixels =/

/* Horizontal back porch in pixels =/

/* Vertical front porch in pixels */

/* Vertical Sync length in lines =*/

/+ Vertical back porch in lines x/

/* Vertical front porch for bottom field
* interlaced field formats
*/

/* Vertical sync length for bottom field
* interlaced field formats
*/

/+ Vertical back porch for bottom field o:
* interlaced field formats

*/

/+ Interlaced or progressive format =/
#define V4L2_DV_PROGRESSIVE
#define V4L2_DV_INTERLACED

/* Polarities.

If bit is not set,

#define V4L2_DV_VSYNC_POS_POL
#define V4L2_DV_HSYNC_POS_POL

0
1

it is assumed to be negative polarity =,

0x00000001
0x00000002
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/* DV timings «/

struct v41l2_dv_timings {
__u32 type;
union {

struct v412_bt_timings Dbt;
__u32 reserved[32];
bi
} __attribute_  ((packed));
/* Values for the type field */
#define V4L2_DV_BT_656_1120 0 /*
/ *
* vV IDEO I NPUTS
*/
struct v412_input {
_u32 index; / *
__us8 name[32]; / *
_u32 type; / *
__u32 audioset; / %
_u32 tuner; / *
v41l2_std_id std;
__u32 status;
__u32 capabilities;
_u32 reserved|[3];
bi
/+ Values for the ’'type’ field */
#define V4L2_INPUT_TYPE_TUNER 1
#define V4L2_INPUT_TYPE_CAMERA 2
/* field ’status’ - general =/
#define V4L2_IN_ST_NO_POWER 0x00000001
#define V4L2_IN_ST_NO_SIGNAL 0x00000002
#define V4L2_IN_ST_NO_COLOR 0x00000004

/x field ’status’

— sensor orientation x/

BT.656/1120 timing type */

Which input =/
Label */

Type of input =*/
Associated audios (bitfield)

Associated tuner =/

/* Attached device is off */

/+ If sensor is mounted upside down set both bits */

#define V4L2_IN_ST_HFLIP
#define V4L2_IN_ST_VFLIP

/+ field ’status’ - analog =*/

#define V4L2_TIN_ST_NO_H_LOCK 0x00000100
#define V4L2_TIN_ST_COLOR_KILL 0x00000200
/+ field ’status’ - digital =*/

#define V4L2_IN_ST_NO_SYNC 0x00010000

0x00000010 /* Frames are flipped horizonta.
0x00000020 /* Frames are flipped verticall

/* No horizontal sync lock x/
/* Color killer is active =/

/* No synchronization lock x/
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#define V4L2_IN_ST_NO_EQU 0x00020000 /* No equalizer lock =*/
#define V4L2_IN_ST_NO_CARRIER 0x00040000 /% Carrier recovery failed «*/

/+ field ’status’ - VCR and set—-top box x/

#define V4L2_IN_ST_MACROVISION 0x01000000 /% Macrovision detected x/
#define V4L2_IN_ST_NO_ACCESS 0x02000000 /% Conditional access denied x,
#define V4L2_IN_ST_VTR 0x04000000 /% VTR time constant =/

/* capabilities flags */

#define V4L2_IN_CAP_PRESETS 0x00000001 /+* Supports S_DV_PRESE
#define V4L2_IN_CAP_CUSTOM_TIMINGS 0x00000002 /* Supports S_DV_TIMINC
#define V4L2_IN_CAP_STD 0x00000004 /+* Supports S_STD */
/ *
* VvV IDEO OuUTPUTS
*/
struct v412_output {
_u32 index; /* Which output =/
__u8 name [32]; /+ Label =*/
_ u32 type; /x Type of output */
_u32 audioset; /* Associlated audios (bitfield)
_u32 modulator; /* Associated modulator =*/
v41l2_std_id std;
__u32 capabilities;
_u32 reserved[3];

bi
/* Values for the ’type’ field =/

#define V4L2_OUTPUT_TYPE_MODULATOR 1
#define V4L2_OUTPUT_TYPE_ANALOG
#define V4L2_OUTPUT_TYPE_ANALOGVGAOVERLAY 3

/+ capabilities flags =/

#define V4L2_OUT_CAP_PRESETS 0x00000001 /+* Supports S_DV_PRESE
#define V4L2_OUT_CAP_CUSTOM_TIMINGS 0x00000002 /+* Supports S_DV_TIMIN
#define V4L2 OUT_CAP_STD 0x00000004 /% Supports S_STD x/
/ *
* CONTROTLS
*/
struct v412_control {
_u32 id;
832 value;

}i

struct v412_ext_control {
_u32 id;
__u32 size;
__u32 reserved2[1l];
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union {
_ 832 value;
_s64 value64;
char *string;
bi
} __attribute_  ((packed));

struct v412_ext_controls {

__u32 ctrl_class;

__u32 count;

_ u32 error_idx;

__u32 reservedl[2];

struct v41l2_ext_control *controls;
bi

/% Values for ctrl _class field =/

#define V4L2_CTRL_CLASS_USER 0x00980000 /% Old-style ’'user’ controls =*/
#define V4L2_CTRL_CLASS_MPEG 0x00990000 /+ MPEG-compression controls =/
#define V4L2_CTRL_CLASS_CAMERA 0x009a0000 /* Camera class controls
#define V4L2_CTRL_CLASS_FM_TX 0x009b00000 /+ FM Modulator control c

#define V4L2_CTRL_ID_MASK (OxOfffffff)
#define V4L2_ CTRL_ID2CLASS (id) ((id) & OxOf££0000UL)
#define V4L2_CTRL_DRIVER_PRIV (id) (((id) & Oxffff) >= 0x1000)

enum v41l2_ctrl_type {
V4L2_CTRL_TYPE_INTEGER =
V4L2_CTRL_TYPE_BOOLEAN =
V4L2_CTRL_TYPE_MENU =
V4L2_CTRL_TYPE_BUTTON =
V4L2_CTRL_TYPE_INTEGERG64 =
V4L2_CTRL_TYPE_CTRL_CLASS =
V4L2_CTRL_TYPE_STRING =

~ ~

~

~

~

~ o U w N
~

~

}i

/* Used in the VIDIOC_QUERYCTRL ioctl for querying controls =/
struct v412_queryctrl {

__u32 id;

enum v41l2_ctrl_type type;

__u8 name [32]; /* Whatever =/

832 minimum; /* Note signedness */
_ s32 maximum;

832 step;

832 default_value;

__u32 flags;

__u32 reserved[2];

}i
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/+ Used in the VIDIOC_QUERYMENU ioctl for querying menu items =/
struct v412_querymenu {

__u32 id;
_ u32 index;
__u8 name [32]; /* Whatever =*/

__u32 reserved;

}i

/* Control flags =/

#define V4L2_CTRL_FLAG_DISABLED 0x0001
#define V4L2_CTRL_FLAG_GRABBED 0x0002
#define V4L2_CTRL_FLAG_READ_ONLY 0x0004
#define V4L2_CTRL_FLAG_UPDATE 0x0008
#define V4L2_CTRL_FLAG_INACTIVE 0x0010
#define V4L2_CTRL_FLAG_SLIDER 0x0020
#define V4L2_CTRL_FLAG_WRITE_ONLY 0x0040

to be ORed with the control ID %/
0x80000000

/+ Query flag,
#define V4L2_CTRL_FLAG_NEXT_ CTRL

/+ User—-class control IDs defined by V4L2 «/

#define V4L2_CID_BASE (VAL2_CTRL_CLASS_USER |
#define V4L2_CID_USER_BASE V4L2_CID_BASE

/+ IDs reserved for driver specific controls =/

#define V4L2_CID_PRIVATE_BASE 0x08000000

0x900)

#define V4L2_CID_USER_CLASS (V4L2_CTRL_CLASS_USER | 1)

#define V4L2_CID BRIGHTNESS (VAL2_CID_BASE+0)
#define V4L2_CID_CONTRAST (VAL2_CID_BASE+1)
#define V4L2_CID_SATURATION (V4L2_CID_BASE+2)
#define V4L2_CID_HUE (V4L2_CID_BASE+3)
#define V4L2_CID_AUDIO_VOLUME (VAL2_CID_BASE+5)
#define V4L2_CID_AUDIO_BALANCE (V4L2_CID_BASE+6)
#define V4L2_CID_AUDIO_BASS (V4L2_CID_BASE+T7)
#define V4L2_CID_AUDIO_TREBLE (V4L2_CID_BASE+8)
#define V4L2_CID_AUDIO_MUTE (VAL2_CID_BASE+9)
#define V4L2_CID_AUDIO_LOUDNESS (VA4L2_CID_BASE+10)
#define V4L2_CID_ BLACK_LEVEL (V4L2_CID_BASE+11) /% Deprecated
#define V4L2_CID_AUTO WHITE_BALANCE (VAL2_CID_BASE+12)
#define V4L2_CID_DO_WHITE_BALANCE (V4L2_CID_BASE+13)
#define V4L2_CID_RED_BALANCE (V4L2_CID_BASE+14)
#define V4L2_CID_BLUE_BALANCE (VA4L2_CID_BASE+15)
#define V4L2_CID_GAMMA (VAL2_CID_BASE+16)
#define V4L2_CID_WHITENESS (VAL2_CID_GAMMA) /+ Deprecated =*/
#define V4L2_CID_EXPOSURE (VA4L2_CID_BASE+17)
#define V4L2_CID_AUTOGAIN (VAL2_CID_BASE+18)
#define V4L2_CID_GAIN (V4AL2_CID_BASE+19)
#define V4L2_CID_HFLIP (VA4L2_CID_BASE+20)
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#define V4L2_CID_VFLIP (V4L2_CID_BASE+21)

/+ Deprecated; use V4L2_CID_PAN_RESET and V4L2_CID_TILT_RESET «/

#define V4L2_CID_HCENTER (VAL2_CID_BASE+22)
#define V4L2_CID_VCENTER (V4L2_CID_BASE+23)
#define V4L2_CID_POWER_LINE_FREQUENCY (VAL2_CID_BASE+24)

enum v412_power_line_frequency {

V4L2_CID_POWER_LINE_FREQUENCY_DISABLED = O,

V4L2_CID_POWER_LINE_FREQUENCY_ 50HZ =1,

V4L2_CID_POWER_LINE_FREQUENCY 60HZ = 2,
}i
#define V4L2_CID_HUE_AUTO (V4L2_CID_BASE+25)
#define V4L2_CID_WHITE_BALANCE_TEMPERATURE (VA4L2_CID_BASE+26)
#define V4L2_CID_SHARPNESS (VAL2_CID_BASE+27)
#define V4L2_CID_BACKLIGHT_COMPENSATION (VAL2_CID_BASE+28)
#define V4L2_CID_CHROMA_AGC (VA4L2_CID_BASE+29)
#define V4L2_CID_COLOR_KILLER (V4L2_CID_BASE+30)
#define V4L2_CID_COLORFX (VA4L2_CID_BASE+31)
enum v412_colorfx {

V4L2_COLORFX_NONE = 0,

VA4L2_COLORFX_BW =1,

V4L2_COLORFX_SEPIA = 2,

V4L2_COLORFX_NEGATIVE = 3,

V4L2_COLORFX_EMBOSS = 4,

V4L2_COLORFX_SKETCH = 5,

V4L2_COLORFX_SKY_BLUE = 6,

V4L2_COLORFX_GRASS_GREEN = 7,

V4L2_COLORFX_SKIN_WHITEN = 8§,

V4L2_COLORFX_VIVID = 9,
bi
#define V4L2_CID_AUTOBRIGHTNESS (V4L2_CID_BASE+32)
#define V4L2_CID_BAND_STOP_FILTER (VAL2_CID_BASE+33)
#define V4L2_CID_ROTATE (V4L2_CID_BASE+34)
#define V4L2_CID_BG_COLOR (V4L2_CID_BASE+35)
#define V4L2_CID_CHROMA_GAIN (V4L2_CID_BASE+36)
#define V4L2_CID_ILLUMINATORS_1 (VAL2_CID_BASE+37)
#define V4L2_CID_ILLUMINATORS_?2 (V4L2_CID_BASE+38)
/+ last CID + 1 «/
#define V4L2_CID_LASTP1 (VA4L2_CID_BASE+39)
/* MPEG-class control IDs defined by V4L2 «/
#define V4L2_CID_MPEG_BASE (VAL2_CTRL_CLASS_MPEG |
#define V4L2_CID_MPEG_CLASS (VAL2_CTRL_CLASS_MPEG |

0
1
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/* MPEG streams =/
#define V4L2_CID MPEG_STREAM TYPE (V4L2_CID_MPEG_BASE+0)
enum v412_mpeg_stream_type {

V4L2_MPEG_STREAM_TYPE_MPEG2_PS = 0, /+* MPEG-2 program stream =*/
V4L2_MPEG_STREAM_TYPE_MPEG2_TS =1, /+ MPEG-2 transport stream -
V4L2_MPEG_STREAM_TYPE_MPEG1_SS 2, /* MPEG-1 system stream x/
V4L2_MPEG_STREAM_TYPE_MPEG2_DVD = 3, /x MPEG-2 DVD-compatible st:
V41L2_MPEG_STREAM_TYPE_MPEG1_VCD 4, /+ MPEG-1 VCD-compatible st:
V4L2_MPEG_STREAM_TYPE_MPEG2_SVCD = 5, /x MPEG-2 SVCD-compatible sf
bi
#define V4L2_CID_MPEG_STREAM_PID_PMT (VAL2_CID_MPEG_BASE+1)
#define V4L2_CID_MPEG_STREAM PID_AUDIO (V4L2_CID_MPEG_BASE+2)
#define V4L2_CID_MPEG_STREAM PID_ VIDEO (VAL2_CID_MPEG_BASE+3)
#define V4L2_CID_MPEG_STREAM PID_PCR (VAL2_CID_MPEG_BASE+4)
#define V4L2_CID_MPEG_STREAM_PES_ID_AUDIO (VA4L2_CID_MPEG_BASE+5)
#define V4L2_CID_MPEG_STREAM PES_ID_VIDEO (VAL2_CID_MPEG_BASE+6)
#define V4L2_CID_MPEG_STREAM VBI_FMT (VAL2_CID_MPEG_BASE+7)

enum v412_mpeg_stream_vbi_fmt {
V4L2_MPEG_STREAM_VBI_FMT_NONE = 0, /* No VBI in the MPEG stream -
V4L2_MPEG_STREAM VBI_FMT_ IVTV

Il
'_l
~

/+ VBI in private packets, IV
}i

/+ MPEG audio =/

#define V4L2_CID_MPEG_AUDIO_SAMPLING_FREQ (VAL2_CID_MPEG_BASE+100)

enum v412_mpeg_audio_sampling_freq {
V4L2_MPEG_AUDIO_SAMPLING_FREQ 44100 = O,
V4L2_MPEG_AUDIO_SAMPLING_FREQ 48000 1,
V412 _MPEG_AUDIO_SAMPLING_FREQ 32000 = 2,

bi

#define V4L2_CID_MPEG_AUDIO_ENCODING (V4L2_CID_MPEG_BASE+101)

enum v412_mpeg_audio_encoding {
V4L2_MPEG_AUDIO_ENCODING_LAYER_1 =
V4L2_MPEG_AUDIO_ENCODING_LAYER_2 =
V4L2_MPEG_AUDIO_ENCODING_LAYER_3 =
V4L2_MPEG_AUDIO_ENCODING_AAC =
V4L2_MPEG_AUDIO_ENCODING_AC3 =

~

~ ~

Sw NN O
~

~

bi

#define V4L2_CID_MPEG_AUDIO_L1_BITRATE (VAL2_CID_MPEG_BASE+102)

enum v412_mpeg_audio_l1l1_bitrate {
V4L2_MPEG_AUDIO_L1_BITRATE_32K =
V4L2_MPEG_AUDIO_L1 BITRATE_64K
V4L2_MPEG_AUDIO L1 BITRATE 96K =
V4L2_MPEG_AUDIO_L1_BITRATE_128K =
V4L2_MPEG_AUDIO_L1_BITRATE_160K =
V4L2_MPEG_AUDIO L1 BITRATE_192K =
V412 _MPEG_AUDIO L1 BITRATE_ 224K =
V4L2_MPEG_AUDIO_L1_BITRATE_256K =

~ ~

~

~ ~ ~

~ o U W N BEP O
~

~
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392

V4L2_MPEG_AUDIO_L1_BITRATE_288K =
V4L2_MPEG_AUDIO_L1_BITRATE_320K =
V4L2_MPEG_AUDIO L1 _BITRATE_ 352K =
V4L2_MPEG_AUDIO L1 _BITRATE_ 384K =
V4L2_MPEG_AUDIO_L1_BITRATE_416K =
V4L2_MPEG_AUDIO L1 _BITRATE_ 448K =

}i

#define V4L2_CID_MPEG_AUDIO_L2_ BITRATE

enum v412_mpeg_audio_12_bitrate {
V4L2_MPEG_AUDIO L2 BITRATE_32K =
V4L2_ MPEG_AUDIO L2 BITRATE_ 48K
V4L2_MPEG_AUDIO_L2_BITRATE_S56K =
V4L2_MPEG_AUDIO_L2_BITRATE_64K =
V4L2_MPEG_AUDIO_L2_BITRATE_80K
V4L2_ MPEG_AUDIO L2 BITRATE_ 96K =
V4L2_MPEG_AUDIO_L2_BITRATE_112K =
V4L2_MPEG_AUDIO L2 _BITRATE_128K =
V4L2_MPEG_AUDIO L2 BITRATE_ 160K =
V4L2_MPEG_AUDIO_L2_BITRATE_192K =
V41L2_MPEG_AUDIO_L2_BITRATE_224K =
V4L2_MPEG_AUDIO L2 BITRATE_256K =
V4L2_ MPEG_AUDIO L2 BITRATE_ 320K =
V4L2_MPEG_AUDIO_L2_BITRATE_384K =

bi

#define V4L2_CID_MPEG_AUDIO_L3_BITRATE

enum v412_mpeg_audio_13_bitrate {
V4L2_MPEG_AUDIO_L3_BITRATE_32K =
V4L2_MPEG_AUDIO L3_BITRATE_ 40K
V4L2_ MPEG_AUDIO L3 _BITRATE_48K =
V4L2_MPEG_AUDIO_L3_BITRATE_S56K =
V4L2_MPEG_AUDIO_L3_BITRATE_64K
V4L2_MPEG_AUDIO L3_BITRATE_80K =
V4L2_MPEG_AUDIO_L3_BITRATE_96K
V4L2_MPEG_AUDIO_L3_BITRATE_112K =
V4L2_MPEG_AUDIO _L3_BITRATE_128K =
V4L2_MPEG_AUDIO L3 _BITRATE_160K =
V4L2_MPEG_AUDIO_L3_BITRATE_192K =
V4L2_MPEG_AUDIO_L3_BITRATE_ 224K =
V4L2_MPEG_AUDIO _L3_BITRATE_256K =
V4L2_MPEG_AUDIO_L3_BITRATE_320K =

bi

#define V4L2_CID_MPEG_AUDIO_MODE

enum v412_mpeg_audio_mode {
V4L2_MPEG_AUDIO_MODE_STEREO
V4L2_MPEG_AUDIO_MODE_JOINT_STEREO
V41L2_MPEG_AUDIO_MODE_DUAL
V4L2_MPEG_AUDIO_MODE_MONO

bi
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(VAL2_CID_MPEG_BASE+103)

(V4L2_CID_MPEG_BASE+104)

(V4L2_CID_MPEG_BASE+105)
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#define V4L2_CID_MPEG_AUDIO_MODE_EXTENSION
enum v412_mpeg_audio_mode_extension {

V4L2_MPEG_AUDIO_MODE_EXTENSION_BOUND_4
V412 _MPEG_AUDIO_MODE_EXTENSION_BOUND_8

V4L2_MPEG_AUDIO_MODE_EXTENSION_BOUND_12
V4L2_MPEG_AUDIO_MODE_EXTENSION_BOUND_16

}i

#define V4L2_CID_MPEG_AUDIO_EMPHASIS

enum v412_mpeg_audio_emphasis {
V4L2_MPEG_AUDIO_EMPHASIS_NONE

V4L2_MPEG_AUDIO_EMPHASIS_50_DIV_15_uS

V4L2_MPEG_AUDIO_EMPHASIS_CCITT_J17
bi
#define V4L2_CID_MPEG_AUDIO_CRC
enum v412_mpeg_audio_crc {
V4L2_MPEG_AUDIO_CRC_NONE
V41L2_MPEG_AUDIO_CRC_CRC16 1,

|
o
~

}i

#define V4L2_CID_MPEG_AUDIO_MUTE

#define V4L2_CID_MPEG_AUDIO_AAC_BITRATE

#define V4L2_CID_MPEG_AUDIO_AC3_BITRATE

enum v412_mpeg_audio_ac3_bitrate {
V4L2_MPEG_AUDIO_AC3_BITRATE_32K =
V4L2_MPEG_AUDIO_AC3_BITRATE_40K =
V4L2_MPEG_AUDIO_AC3_BITRATE_48K =
V4L2_MPEG_AUDIO_AC3_BITRATE_56K =
V4L2_MPEG_AUDIO_AC3_BITRATE_64K =
V4L2_MPEG_AUDIO_AC3_BITRATE_80K
V4L2_MPEG_AUDIO_AC3_BITRATE_96K =
V4L2_MPEG_AUDIO_AC3_BITRATE_112K =
V4L2_MPEG_AUDIO_AC3_BITRATE_ 128K =
V4L2_MPEG_AUDIO_AC3_BITRATE_160K =
V4L2_MPEG_AUDIO_AC3_BITRATE_192K =
V4L2_MPEG_AUDIO_AC3_BITRATE_224K =
V4L2_MPEG_AUDIO_AC3_BITRATE 256K =
V4L2_MPEG_AUDIO_AC3_BITRATE_320K =
V4L2_MPEG_AUDIO_AC3_BITRATE_384K =
V4L2_MPEG_AUDIO_AC3_BITRATE_ 448K =
V4L2_MPEG_AUDIO_AC3_BITRATE_ 512K =
V41L2_MPEG_AUDIO_AC3_BITRATE_576K =
V4L2_MPEG_AUDIO_AC3_BITRATE_640K =

bi

/* MPEG video =/

#define V4L2_CID_MPEG_VIDEO_ENCODING

enum v41l2_mpeg_video_encoding {
V4L2_MPEG_VIDEO_ENCODING_MPEG_1
V4L2_MPEG_VIDEO_ENCODING_MPEG_2

~ ~ ~

~

~ ~ ~

O ~J o U W DN R o
~

~

e e e e e )
0 dJ oUW O

(V4L2_CID_MPEG_BASE+106)

[ !
w N PO
~

~

~

~

(VAL2_CID_MPEG_BASE+107)

0,
1,

4

(V4L2_CID_MPEG_BASE+108)

(VAL2_CID_MPEG_BASE+109)
(V4L2_CID_MPEG_BASE+110)
(V4L2_CID_MPEG_BASE+111)

(V4L2_CID_MPEG_BASE+200)
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}i

#define V4L2_CID_MPEG_VIDEO_ASPECT

V4L2_MPEG_VIDEO_ENCODING_MPEG_4_AVC

enum v412_mpeg_video_aspect {

bi

#define
#define
#define
#define
#define

enum v412_mpeg_video_bitrate_mode {

}i

#define
#define
#define
#define
#define

/* MPEG-class control IDs specific to the CX2341x driver as
#define V4L2_CID_MPEG_CX2341X_BASE
#define V4L2_CID_MPEG_CX2341X_VIDEO_SPATIAL_FILTER_MODE

V4L2_MPEG_VIDEO_ASPECT_1x1
V4L2_MPEG_VIDEO_ASPECT_4x3
V4L2_MPEG_VIDEO_ASPECT_16x9
V4L2_MPEG_VIDEO_ASPECT_221x100

V4L2_CID_MPEG_VIDEO_B_FRAMES
V4L2_CID_MPEG_VIDEO_GOP_SIZE
V4L2_CID_MPEG_VIDEO_GOP_CLOSURE
V4L2_CID_MPEG_VIDEO_PULLDOWN

V4L2_CID_MPEG_VIDEO_BITRATE_MODE

V4L2_MPEG_VIDEO_BITRATE_MODE_VBR
V4L2_MPEG_VIDEO_BITRATE_MODE_CBR

V4L2_CID_MPEG_VIDEO_BITRATE

V4L2_CID_MPEG_VIDEO_BITRATE_PEAK
V4L2_CID_MPEG_VIDEO_TEMPORAL_DECIMATION

V41L2_CID_MPEG_VIDEO MUTE

V4L2_CID_MPEG_VIDEO_MUTE_YUV

~

w NN = O
~ 0~

~

2,

(V4L2_CID_MPEG_BASE+201)

(V4L2_CID_MPEG_BASE+202)
(V4L2_CID_MPEG_BASE+203)
(V4L2_CID_MPEG_BASE+204)
(V4L2_CID_MPEG_BASE+205)
(V4L2_CID_MPEG_BASE+206)

(V4L2_CID_MPEG_BASE+207)
(VAL2_CID_MPEG_BASE+208)
(VAL2_CID_MPEG_BASE+209)
(VAL2_CID_MPEG_BASE+210)
(V4L2_CID_MPEG_BASE+211)

enum v412_mpeg_cx2341x_video_spatial_ filter_mode {

}i

#define V4L2_CID_MPEG_CX2341X_VIDEO_SPATIAL_FILTER
#define V4L2_CID_MPEG_CX2341X_VIDEO_LUMA_SPATIAL_FILTER_TYPE

VA4L2_MPEG_CX2341X_VIDEO_SPATIAL_FILTER_MODE_MANUAL
V4L2_MPEG_CX2341X_VIDEO_SPATIAL_FILTER_MODE_AUTO

(V4L2_CTR!
(V4L2_CID.
=0,
=1,
(V4L2_CID.
(V4L2_CID.

enum v412_mpeg_cx2341x_video_luma_spatial_filter_ type {
V4L2_MPEG_CX2341X_VIDEO_LUMA_SPATIAL_FILTER_TYPE_OFF
V4L2_MPEG_CX2341X_VIDEO_LUMA_SPATIAL_FILTER_TYPE_1D_HOR
V4L2_MPEG_CX2341X_VIDEO_LUMA_SPATIAL_FILTER_TYPE_1D_VERT
V4L2_MPEG_CX2341X_VIDEO_LUMA_SPATIAL FILTER_TYPE_ 2D HV_SEPARABLE

}i

V4L2_MPEG_CX2341X_VIDEO_LUMA_SPATIAI FILTER TYPE_2D_SYM NON_SEPAR;

#define V4L2_CID_MPEG_CX2341X_VIDEO_CHROMA_SPATIAL_FILTER_TYPE (V4L2_CID.

enum v412_mpeg_cx2341x_video_chroma_spatial_ filter_type {
V4L2_MPEG_CX2341X_VIDEO_CHROMA_SPATIAL_FILTER_TYPE_OFF = 0,
V4L2_MPEG_CX2341X_VIDEO_CHROMA_SPATIAL_FILTER_TYPE_1D_HOR = 1,

bi

#define V4L2_CID_MPEG_CX2341X_VIDEO_TEMPORAL_FILTER_MODE (V4L2_CID.

enum v412_mpeg_cx2341x_video_temporal_ filter mode {
V4L2_MPEG_CX2341X_VIDEO_TEMPORAL_FILTER_MODE_MANUAL = O,

defined by V:



}i

#define V4L2_CID_MPEG_CX2341X_VIDEO_TEMPORAL_FILTER
#define V4L2_CID_MPEG_CX2341X_VIDEO_MEDIAN_FILTER_TYPE

Appendix B. Video For Linux Two Header File

V4L2_MPEG_CX2341X_VIDEO_TEMPORAL_FILTER_MODE_AUTO =1,

enum v412_mpeg cx2341x_video_median_filter_type {

bi

#define
#define
#define
#define
#define

V4L2_MPEG_CX2341X_VIDEO_MEDIAN_FILTER_TYPE_OFF =
V4L2_MPEG_CX2341X_VIDEO_MEDIAN_FILTER_TYPE_HOR

V4L2_MPEG_CX2341X_VIDEO_MEDIAN_FILTER TYPE_VERT =
V4L2_MPEG_CX2341X_VIDEO_MEDIAN_FILTER_TYPE_HOR_VERT =
V4L2_MPEG_CX2341X_VIDEO_MEDIAN_FILTER_TYPE_DIAG =

V4L2_CID_MPEG_CX2341X_VIDEO_LUMA_MEDIAN_FILTER_BOTTOM (
V4L2_CID_MPEG_CX2341X_VIDEO_LUMA_MEDIAN_FILTER_TOP (
V4L2_CID_MPEG_CX2341X_VIDEO_CHROMA_MEDIAN_FILTER_BOTTOM (V4L2_CID.
V4L2_CID_MPEG_CX2341X_VIDEO_CHROMA_ MEDIAN_FILTER_TOP (
V4L2_CID_MPEG_CX2341X_STREAM_INSERT_NAV_PACKETS (

/* Camera class control IDs x/

#define
#define

#define

V4L2_CID_CAMERA_CLASS_BASE
V4L2_CID_CAMERA_CLASS

V4L2_CID_EXPOSURE_AUTO

enum v412_exposure_auto_type {

}i
#define
#define

#define
#define
#define
#define

#define
#define

#define
#define
#define

#define
#define
#define

#define

V4L2_EXPOSURE_AUTO = O,
V4L2_EXPOSURE_MANUAL = 1,

V4L2_EXPOSURE_SHUTTER_PRIORITY
V4L2_EXPOSURE_APERTURE_PRIORITY

VA4L2_CID_EXPOSURE_ABSOLUTE

V4L2_CID_EXPOSURE_AUTO_PRIORITY

V4L2_CID_PAN_RELATIVE
V4L2_CID_TILT_RELATIVE
V4L2_CID_PAN_RESET
V4L2_CID_TILT_RESET

V4L2_CID_PAN_ABSOLUTE
V4L2_CID_TILT_ABSOLUTE

V4L2_CID_FOCUS_ABSOLUTE
V4L2_CID_FOCUS_RELATIVE
V4L2_CID_FOCUS_AUTO

V4L2_CID_ZOOM_ABSOLUTE
V4L2_CID_ZOOM_RELATIVE

V4L2_CID_ZOOM_CONTINUOUS

V4L2_CID_PRIVACY

(VAL2_CID.
(VAL2_CID
0,
1,
2,
3,
4,
V4L2_CID.
V4L2_CID.

V4L2_CID.
V4L2_CID.

(V4L2_CTRL_CLASS_CAMERA | 0x900)
(V4L2_CTRL_CLASS_CAMERA | 1)

(VAL2_CID_CAMERA_CLASS_BA!

(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!

(VAL2_CID_CAMERA_CLASS_BA
(V4L2_CID_CAMERA_CLASS_BA
(V4AL2_CID_CAMERA_CLASS_BA
(V4L2_CID_CAMERA_CLASS_BA.

(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!

(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!

(VAL2_CID_CAMERA_CLASS_BA!

(V4L2_CID_CAMERA_CLASS_BA.

395



Appendix B. Video For Linux Two Header File

396

#define V4L2_CID_IRIS_ABSOLUTE
#define V4L2_CID_IRIS_RELATIVE

/* FM Modulator class control IDs =*/
#define V4L2_CID_FM TX_ CLASS_BASE
#define V4L2_CID_FM TX_ CLASS

#define V4L2_CID_RDS_TX_DEVIATION
#define V4L2_CID_RDS_TX_PI

#define V4L2_CID_RDS_TX_PTY
#define V4L2_CID_RDS_TX_PS_NAME
#define V4L2_CID_RDS_TX_ RADIO_TEXT

#define V4L2_CID_AUDIO_LIMITER_ENABLED
#define V4L2_CID_AUDIO_LIMITER_RELEASE_TIME
#define V4L2_CID_AUDIO_LIMITER_DEVIATION

#define V4L2_CID_AUDIO_COMPRESSION_ENABLED
#define V4L2_CID_AUDIO_COMPRESSION_GAIN

#define V4L2_CID_AUDIO_COMPRESSION_THRESHOLD
#define V4L2_CID_AUDIO_COMPRESSION_ATTACK_TIME
#define V4L2_CID_AUDIO_COMPRESSION_RELEASE_TIME

#define V4L2_CID_PILOT_TONE_ENABLED
#define V4L2_CID_PILOT_TONE_DEVIATION
#define V4L2_CID_PILOT_TONE_FREQUENCY

#define V4L2_CID_TUNE_PREEMPHASIS
enum v412_preemphasis {

V4L2_PREEMPHASIS DISABLED =0,
V4L2_PREEMPHASIS_50_u$S =1,
V4L2_PREEMPHASIS_75_uS =2,

}i
#define V4L2_CID_TUNE_POWER_LEVEL
#define V4L2_CID_ TUNE_ANTENNA_ CAPACITOR

/ *

* TUNTING

*/

struct v41l2_tuner {
_u32 index;
__us8 name [32];
enum v41l2_tuner_type type;
__u32 capability;
__u32 rangelow;
__u32 rangehigh;
_u32 rxsubchans;

(VAL2_CID_CAMERA_CLASS_BA!
(VAL2_CID_CAMERA_CLASS_BA!

(V4L2_CTRL_CLASS_FM_TX |
(VAL2_CTRL_CLASS_FM_TX |

(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BAS]
(V4L2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BAS]

(VAL2_CID_FM_TX_CLASS_BASI
(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BASI

(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BAS]

(VAL2_CID_FM_TX_CLASS_BASI
(VAL2_CID_FM_TX_CLASS_BAS]
(VAL2_CID_FM_TX_CLASS_BASI

(VAL2_CID_FM_TX_CLASS_BASI

(VAL2_CID_FM_TX_CLASS_BASI
(VAL2_CID_FM_TX_CLASS_BASI
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_u32 audmode;

_ 832 signal;
832 afc;

__u32 reserved([4];

}i

struct v412_modulator {

_ u32 index;

__u8 name[32];
__u32 capability;
__u32 rangelow;
__u32 rangehigh;
__u32 txsubchans;
__u32 reservedl[4];

}i

/+ Flags for the ’capability’ field */

#define V4L2_TUNER_CAP_LOW 0x0001
#define V4L2_TUNER_CAP_NORM 0x0002
#define V4L2_TUNER_CAP_STEREO 0x0010
#define V4L2_TUNER_CAP_LANG2 0x0020
#define V4L2_TUNER_CAP_SAP 0x0020
#define V4L2_TUNER_CAP_LANG1 0x0040
#define V4L2_TUNER_CAP_RDS 0x0080
#define V4L2_TUNER_CAP_RDS_BLOCK_IO 0x0100
#define V4L2_TUNER_CAP_RDS_CONTROLS 0x0200

/+ Flags for the ’'rxsubchans’ field =/

#define V4L2_TUNER_SUB_MONO 0x0001
#define V4L2_TUNER_SUB_STEREO 0x0002
#define V4L2_TUNER_SUB_LANG2 0x0004
#define V4L2_TUNER_SUB_SAP 0x0004
#define V4L2_TUNER_SUB_LANGI1 0x0008
#define V4L2_TUNER_SUB_RDS 0x0010

/% Values for the ’audmode’ field x/

#define V4L2_TUNER_MODE_MONO 0x0000
#define V4L2_TUNER_MODE_STEREO 0x0001
#define V4L2_TUNER_MODE_LANG2 0x0002
#define V4L2_TUNER_MODE_SAP 0x0002
#define V4L2_TUNER_MODE_LANG1 0x0003
#define V4L2_TUNER_MODE_LANG1_LANG2 0x0004

struct v41l2_frequency {

_u32 tuner;

enum v412_tuner_type type;

__u32 frequency;
_u32 reserved([8];
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}i

struct v41l2_hw_freq_seek {

_ u32 tuner;
enum v41l2_tuner_type type;
__u32 seek_upward;
__u32 wrap_around;
_u32 spacing;
_u32 reserved|[7];
bi
/ *
* R DS
*/

struct v412_rds_data {

__u8 1sb;
_u8 msb;
_us8 block;
} __attribute_  ((packed));
#define V4L2_ RDS_BLOCK_MSK 0x7

#define V4L2_RDS_BLOCK_A
#define V4L2_RDS_BLOCK_B
#define V4L2_RDS_BLOCK_C
#define V4L2_RDS_BLOCK_D
#define V4L2_RDS_BLOCK_C_ALT
#define V4L2_RDS_BLOCK_INVALID

~ D WD PO

#define V4L2_RDS_BLOCK_CORRECTED 0x40

#define V4L2_RDS_BLOCK_ERROR 0x80
/ *
* A UDTIO
*/
struct v412_audio {
_u32 index;
__us8 name [32];
__u32 capability;
__u32 mode;
_u32 reserved[2];

}i

/* Flags for the ’capability’ field */

#define V4L2_AUDCAP_STEREO
#define V4L2_AUDCAP_AVL

0x00001
0x00002

/* TFlags for the 'mode’ field =/
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#define V4L2_AUDMODE_AVL 0x00001

struct v412_audioout {

_ u32 index;
__u8 name [32];
__u32 capability;
_ u32 mode;
__u32 reserved[2];
bi
/ %
* M P E G S ERVICES
*
* NOTE: EXPERIMENTAL API
*/
#if 1
#define V4L2_ENC_IDX_FRAME_I (0)
#define V4L2_ENC_IDX_ FRAME_P (1)
#define V4L2_ENC_IDX_FRAME_B (2)
#define V4L2_ENC_IDX_ FRAME_MASK (0xf)

struct v41l2_enc_idx_entry {
__u64d offset;
__ub4d pts;
__u32 length;
__u32 flags;
__u32 reserved[2];
}i

#define V4L2_ENC_IDX_ENTRIES (64)
struct v41l2_enc_idx {

__u32 entries;

_ u32 entries_cap;

__u32 reservedl[4];

struct v41l2_enc_idx_entry entry[V4L2_ENC_IDX_ENTRIES];
bi

#define V4L2_ENC_CMD_START (0)
#define V4L2_ENC_CMD_STOP (1)
#define V4L2_ENC_CMD_PAUSE (2)
#define V4L2_ENC_CMD_RESUME (3)

/* Flags for V4L2_ENC_CMD_STOP =/
#define V4L2_ENC_CMD_STOP_AT_GOP_END (1 << 0)

struct v412_encoder_cmd {
__u32 cmd;
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__u32 flags;
union {
struct |
__u32 datal8];
} raw;
bi
}i
#endif
/ *
* DATA S ERVICES (VBTI)
*
* Data services API by Michael Schimek
*/
/* Raw VBI =/
struct v412 vbi_ format {
_u32 sampling_rate; /* in 1 Hz =*/
__u32 offset;
_u32 samples_per_line;
_u32 sample_format; /% VAL2_PIX_FMT_ % =/
_ 832 start[2];
__u32 count [2];
_ u32 flags; /* VAL2_VBI_x «/
_u32 reserved[2]; /*x must be zero x/
}i
/* VBI flags =/
#define V4L2_VBI_UNSYNC (1 << 0)
#define V4L2_VBI_INTERLACED (1 << 1)
/% Sliced VBI
*
* This implements is a proposal V4L2 API to allow SLICED VBI

* required for some hardware encoders.
# notice in the definitive implementation.

*/

struct v412_sliced_vbi_format {
__uleo
/* service_lines[0][...]

service_set;

service_ lines[1][...]

specifies lines 0-23
specifies lines 0-23

It should change without

of the :
of the .

(1-23 used)
(1-23 used)

(equals frame lines 313-336 for 625 line

standards,
__uleo
_u32

service_1lines[2][24];
io_size;

400
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u32

reserved[2];

}i

/+ Teletext World System Teletext
(WST) ,

/* must be zero =*/

defined on ITU-R BT.653-2 x/

#define V4L2_SLICED_TELETEXT_B (0x0001)
/+ Video Program System, defined on ETS 300 231x/
#define V4L2_SLICED_VPS (0x0400)
/* Closed Caption, defined on EIA-608 =/
#define V4L2_SLICED_CAPTION_525 (0x1000)
/* Wide Screen System, defined on ITU-R BT1119.1 «/
#define V4L2_SLICED_WSS_625 (0x4000)
#define V4L2_SLICED_VBI_525 (VAL2_SLICED_CAPTION_525)
#define V4L2_SLICED_VBI_625 (VAL2_SLICED_TELETEXT_B | V4L2_SL:
struct v412_sliced_vbi_cap {
__ule6 service_set;
/* service_lines[0][...] specifies lines 0-23 (1-23 used) of the
service_lines[1l][...] specifies lines 0-23 (1-23 used) of the

(equals frame lines 313-336 for 625 line

standards,

__uleo service_lines[2][24];
enum v412_buf_type type;
__u32 reserved[3];

}i

struct v412_sliced_vbi_data {

_u32 id;

_u32 field; /* 0:
_u32 line; /* 1-
__u32 reserved;

_us8 datal48];

}i

/ *

263-286 for 525 line standar¢

/* must be 0 %/

first field, 1:
23 */

second field =/

/* must be 0 %/

* Sliced VBI data inserted into MPEG Streams

*/

/ %
* V4L2_MPEG_STREAM_VBI_FMT_IVTV:

* Structure of payload contained in
* MPEG-2 Program Pack that contains
* data

* Note, the MPEG-2 Program Pack and

+ definitions are not included here.

an MPEG 2 Private Stream 1 PES Packef
V4lL.2 MPEG_STREAM VBI FMT IVTV Sliced

Private Stream 1 PES packet header
See the MPEG-2 specifications for ¢
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* on these headers.

*/

/* Line type IDs =/

#define V4L2_MPEG_VBI_IVTV_TELETEXT_B (1)
#define V4L2_MPEG_VBI_IVTV_CAPTION_525 (4)
#define V4AL2_MPEG_VBI_IVTV_WSS_625 (5)
#define V4L2_MPEG_VBI_IVTV_VPS (7)

struct v4l2_mpeg_vbi_itv0_line {

_u8 id; /* One of V4L2_MPEG_VBI_IVTV_x* above */
_u8 datal42]; /* Sliced VBI data for the line =/
} __attribute_  ((packed));

struct v41l2_mpeg_vbi_itv0 {
_ 1e32 linemask([2]; /+ Bitmasks of VBI service lines present =/
struct v412_mpeg_vbi_itv0_line 1line[35];

} __attribute_  ((packed));

struct v412_mpeg_vbi_ITV0O {
struct v41l2_mpeg_vbi_itv0_line line[36];

} __attribute_  ((packed));
#define V4L2_MPEG_VBI_IVTV_MAGICO "itv0"
#define V4L2_MPEG_VBI_IVTV_MAGIC1 "TTVO"

struct v41l2_mpeg_vbi_fmt_ivtv {
_ u8 magicl4];

union {
struct v412_mpeg vbi_itv0 itv0;
struct v41l2_mpeg_vbi_ITVO ITVO;
bi
} __attribute_  ((packed));
/ *
* A GGREGATE S TRUCTURES
*/
/% x
x struct v412_plane_pix_format - additional, per-plane format definition
* @sizeimage: maximum size in bytes required for data, for whicl
* this plane will be used
* @bytesperline: distance in bytes between the leftmost pixels in f
* adjacent lines
*/
struct v41l2_plane_pix_format {
_u32 sizeimage;
_ulé6 bytesperline;
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_ulé reserved|[7];
} __attribute_ ((packed));
/K *
x struct v412_pix_format_mplane - multiplanar format definition
* @Qwidth: image width in pixels
* @height: image height in pixels
* (@pixelformat: little endian four character code (fourcc)
* @field: field order (for interlaced video)

* @colorspace:
* @plane_fmt:
* @num_planes:

*/

supplemental to pixelformat

per-plane information
number of planes for this format

struct v41l2_pix_format_mplane {

_u32
_u32
_u32

enum v412_field
enum v41l2_colorspace

struct v41l2_plane_pix_format

__u8 num_planes;
~u8 reserved([11];
} __attribute_  ((packed));
/ **
* struct v41l2_format - stream data format
* Qtype: type of the data stream
* (@pix: definition of an image format
* Qpix_mp: definition of a multiplanar image format
* @Qwin: definition of an overlaid image
* @vbi: raw VBI capture or output parameters

* @sliced:
* @raw_data:

*/

sliced VBI capture or output parameters

width;
height;

pixelformat;

field;
colorspace;

plane_fmt [VIDEO_MAX_PLANES];

placeholder for future extensions and custom formats

struct v412_format {
enum v41l2_buf_ type type;

union {

} fmt;
}i

struct
struct
struct
struct
struct

_us8

v4l2_pix_format
v4l2_pix_format_mplane
v412_window
v41l2_vbi_format
v41l2_sliced_vbi_format
raw_data[200];

/ * Stream type-dependent parameters

pix;
pix_mp;
win;
vbi;
sliced;

/ *
/ *
/ *
/ *
/ *
/ *

V4L2_BUF_TYPE.
V412 _BUF_TYPE.
V4L2_BUF_TYPE.
V4L2_BUF_TYPE.
V4L2_BUF_TYPE.
user—-defined

403



Appendix B. Video For Linux Two Header File

*/
struct v412_streamparm {
enum v412_buf_type type;
union {
struct v41l2_captureparm capture;
struct v412_outputparm output;

__u8 raw_data[200]; /% user—-defined =*/
} parm;

}i

/ %

* EVENTS

*/
#define V4L2_EVENT_ALL 0
#define V4L2_EVENT_VSYNC 1
#define V4L2_EVENT_EOS 2
#define V4L2_EVENT_PRIVATE_START 0x08000000

/* Payload for V4L2_EVENT_VSYNC x/

struct v41l2_event_vsync {
/* Can be V4L2_ FIELD_ANY, _NONE, _TOP or _BOTTOM «*/
_u8 field;

} __attribute_  ((packed));

struct v412_event {
_u32 type;
union {

struct v41l2_event_vsync vsync;

__u8 datal[64];
bou;
__u32 pending;
_u32 sequence;
struct timespec timestamp;
_u32 reserved[9];

}i

struct v412_event_subscription {

__u32 type;
_u32 reserved|[7];
bi
/ *
* A DVANCETPD DEBUGGTING
*
* NOTE: EXPERIMENTAL API, NEVER RELY ON THIS IN APPLICATIONS!
* FOR DEBUGGING, TESTING AND INTERNAL USE ONLY!
*/
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/+ VIDIOC_DBG_G_REGISTER and VIDIOC_DBG_S_REGISTER x*/

#define V4L2_CHIP_MATCH_HOST 0 /* Match against chip ID on host (0
#define V4L2_CHIP_MATCH_I2C_DRIVER 1 /% Match against I2C driver name =/
#define V4L2_CHIP_MATCH_I2C_ADDR 2 /* Match against I2C 7-bit address

#define V4L2_CHIP_MATCH_AC97 3 /* Match against anciliary AC97 chij

struct v412_dbg_match {
__u32 type; /* Match type =/
union { /+ Match this chip, meaning determined by type x/
__u32 addr;
char name[32];
}i
} __attribute_  ((packed));

struct v41l2_dbg_register {
struct v41l2_dbg_match match;
_ u32 size; /* register size in bytes */
__ub4d reg;
__u6bd val;
} __attribute_  ((packed));

/* VIDIOC_DBG_G_CHIP_IDENT x/
struct v412_dbg_chip_ident {
struct v412_dbg_match match;

__u32 ident; /+ chip identifier as specified in <media/v412-
__u32 revision; /* chip revision, chip specific x/

} __attribute_  ((packed));

/ *

* I OCTL C ODE S F O R V IDEO DEVICES

*

*/
#define VIDIOC_QUERYCAP _IOR('V'", 0, struct v41l2_capability)
#define VIDIOC_RESERVED _Io('v’", 1)
#define VIDIOC_ENUM_FMT _IOWR('V', 2, struct v41l2_fmtdesc)
#define VIDIOC_G_FMT _IOWR('V", 4, struct v4l2_ format)
#define VIDIOC_S_FMT _IOWR('V', 5, struct v412_format)
#define VIDIOC_REQBUFS _IOWR('V', 8, struct v4l2_requestbuffers
#define VIDIOC_QUERYBUF _TIOWR("V', 9, struct v41l2_buffer)
#define VIDIOC_G_FBUF _IOR('V’, 10, struct v41l2_framebuffer)
#define VIDIOC_S_FBUF _Iow('v’, 11, struct v41l2_framebuffer)
#define VIDIOC_OVERLAY _Iow('v’, 14, int)
#define VIDIOC_QBUF _IOWR('V’, 15, struct v41l2_buffer)
#define VIDIOC_DQBUF _IOWR('V", 17, struct v4l2_buffer)
#define VIDIOC_STREAMON _IOW(’'V’, 18, int)
#define VIDIOC_STREAMOFF _Iow('v’, 19, int)
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#if 1

#define
#define
#define
#define
#define
#endif
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VIDIOC_G_PARM
VIDIOC_S_PARM
VIDIOC_G_STD
VIDIOC_S_STD
VIDIOC_ENUMSTD
VIDIOC_ENUMINPUT
VIDIOC_G_CTRL
VIDIOC_S_CTRL
VIDIOC_G_TUNER
VIDIOC_S_TUNER
VIDIOC_G_AUDIO
VIDIOC_S_AUDIO
VIDIOC_QUERYCTRL
VIDIOC_QUERYMENU
VIDIOC_G_INPUT
VIDIOC_S_INPUT
VIDIOC_G_OUTPUT
VIDIOC_S_OUTPUT
VIDIOC_ENUMOUTPUT
VIDIOC_G_AUDOUT
VIDIOC_S_AUDOUT
VIDIOC_G_MODULATOR
VIDIOC_S_MODULATOR
VIDIOC_G_FREQUENCY
VIDIOC_S_FREQUENCY
VIDIOC_CROPCAP
VIDIOC_G_CROP
VIDIOC_S_CROP
VIDIOC_G_JPEGCOMP
VIDIOC_S_JPEGCOMP
VIDIOC_QUERYSTD
VIDIOC_TRY_ FMT
VIDIOC_ENUMAUDIO
VIDIOC_ENUMAUDOUT
VIDIOC_G_PRIORITY
VIDIOC_S_PRIORITY

VIDIOC_G_SLICED_VBI_CAP

VIDIOC_LOG_STATUS
VIDIOC_G_EXT_CTRLS
VIDIOC_S_EXT_CTRLS
VIDIOC_TRY_EXT_CTRLS

VIDIOC_ENUM_FRAMESIZES
VIDIOC_ENUM_FRAMEINTERVALS

VIDIOC_G_ENC_INDEX
VIDIOC_ENCODER_CMD

VIDIOC_TRY_ENCODER_CMD

_IOWR('V’, 21,
_IOWR('V’', 22,
_IOR('V', 23,
_IowW('Vv’, 24,
_IOWR('V’, 25,
_IOWR('V’, 26,
_IOWR('V', 27,
_IOWR('V’', 28,
_IOWR('V’, 29,
_I1ow¢('v’, 30,
_IOR('V’, 33,
_Iow('v’, 34,
_IOWR('V’, 36,
_IOWR('V’, 37,
_IOR('V’, 38,
_IOWR('V’, 39,
_IOR('V’', 46,
_IOWR('V’', 47,
_IOWR('V’, 48,
_IOR('V’', 49,
_Iow(’'v’, 50,
_IOWR('V', 54,
_Iow('v’, 55,
_IOWR('V’', 56,
_IoW('V’, 57,
_IOWR('V’, 58,
_IOWR('V’, 59,
_Iow('v’, 60,
_IOR('V’', 61,
_Iow('v’, 62,
_IOR('V’', 63,
_IOWR('V’, 64,
_IOWR('V’', 65,
_IOWR('V’', 66,
_IOR('V', 67,
_Iow('v’, 68,
IOWR(’V’, 69,
o(rv’, 170)
IOWR(’V’, 71,
_IOWR('V', 72,
_IOWR('V’', 73,
_IOWR('V’, 74,
_IOWR('V',
_IOR('V', 76,
_IOWR('V', 77,
_IOWR('V’', 78,

struct v41l2_streamparm)
struct v412_streamparm)
v41l2_std_id)
v4dl2_std_id)

v41l2_ standard)
v412_input)
v412_control)
v41l2_ control)
v41l2_tuner)
v412_tuner)
v412_audio)

v412 audio)
v4l2_queryctrl)

struct
struct
struct
struct
struct
struct
struct
Struct
struct
struct
int)

int)

int)

int)

v41l2_querymenu)

struct v412_output)

struct v412_audioout)
v412_audioout)
v412 modulator
v412_modulator

v412_frequency

struct
struct )
struct )
struct )
struct v41l2_frequency)
struct v412_cropcap)
struct v412_crop)
struct v41l2_crop)
struct v41l2_jpegcompressio:
struct v412_jpegcompressio:
v41l2_std_id)

struct v412_format)

struct v412 audio)

struct v412_audioout)

enum v41l2_priority)

enum v4l2_priority)

struct v412_sliced_vbi_cap
struct v41l2_ext_controls)
struct v412_ext_controls)
struct v41l2_ext_controls)
struct v41l2_frmsizeenum)
75, struct v41l2_frmivalenum,
struct v41l2_enc_idx)

struct v41l2_encoder_cmd)

struct v41l2_encoder_cmd)
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#if 1
/+ Experimental, meant for debugging, testing and internal use.

Only implemented if CONFIG_VIDEO_ADV_DEBUG is defined.

You must be root to use these ioctls. Never use these in applications!
#define VIDIOC_DBG_S_REGISTER _Iow('v’, 79, struct v4l2_dbg_register)
#define VIDIOC_DBG_G_REGISTER _IOWR("V’, 80, struct v41l2_dbg_register)

/+ Experimental, meant for debugging, testing and internal use.

Never use this ioctl in applications! =/
#define VIDIOC_DBG_G_CHIP_IDENT _IOWR('V’, 81, struct v41l2_dbg_chip_ident
#endif

#define VIDIOC_S_HW_FREQ_SEEK _Iow
#define VIDIOC_ENUM_DV_PRESETS _IOWR

'v’, 82, struct v41l2_hw_freq_ seek)
'v’, 83, struct v41l2_dv_enum_preset

(
(
(
(

#define VIDIOC_S DV_PRESET _IOWR("V’, 84, struct v4l2_dv_preset)
#define VIDIOC_G_DV_PRESET _IOWR("V’, 85, struct v41l2_dv_preset)
#define VIDIOC_QUERY_DV_PRESET _IOR('V’, 86, struct v41l2_dv_preset)
#define VIDIOC_S DV_TIMINGS _IOWR('"V’", 87, struct v41l2_dv_timings)
#define VIDIOC_G_DV_TIMINGS _IOWR('V’, 88, struct v41l2_dv_timings)
#define VIDIOC_DQEVENT _IOR('V’, 89, struct v41l2_event)

#define VIDIOC_SUBSCRIBE_EVENT _IOwW('Vv", 90, struct v4l2_event_subscrip

(

#define VIDIOC_UNSUBSCRIBE_EVENT _IOW('V’, 91, struct v412_event_subscrip!

/+ Reminder: when adding new ioctls please add support for them to
drivers/media/video/v4l2-compat—ioctl32.c as well! «*/

#define BASE_VIDIOC_PRIVATE 192 /* 192-255 are private =*/

#endif /+ __ LINUX_VIDEODEV2_H =x/
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/%
V4L2

*

*

*

*

*/

#include
#include
#include
#include

#include

#include
#include
#include
#include
#include
#include
#include
#include

#include

#define

video capture example

Appendix C. Video Capture Example

This program can be used and distributed without restrictions.

This program is provided with the V4L2 API

<stdio.h>
<stdlib.h>
<string.h>
<assert.h>
<getopt.h> /x getopt_long/()
<fcntl.h>

<unistd.h>

<errno.h>

<sys/stat.h>
<sys/types.h>

/% low—-level i/o

<sys/time.h>
<sys/mman.h>
<sys/ioctl.h>

<linux/videodev2.h>
CLEAR (x) memset (& (xX),

0, sizeof(x))

enum io_method {

}i

IO_METHOD_READ,
IO_METHOD_MMAP,
IO_METHOD_USERPTR,

struct buffer {

}i

static char
static enum io_method

void

xstart;

size_t length;

*dev_name;
IO_METHOD_MMAP;

io =

see http://linuxtv.org/docs.php for more information

*/

*/
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static int fd = -1;

struct buffer *buffers;

static unsigned int n_buffers;

static int out_buf;

static int force_format;
static int frame_count = 70;

static void errno_exit (const char =*s)

{
fprintf (stderr, "%s error %d, %s\n", s, errno, strerror (errno));
exit (EXIT_FAILURE);

static int xioctl (int fh, int request, void =xarqg)

{

int r;
do {

r = ioctl (fh, request, arqg);
} while (-1 == r && EINTR == errno);

return r;

static void process_image (const void *p, int size)
{
if (out_buf)
fwrite(p, size, 1, stdout);

fflush (stderr);
fprintf (stderr, ".");
fflush (stdout) ;

static int read_frame (void)

{
struct v412_buffer buf;
unsigned int i;

switch (io) {
case IO_METHOD_READ:
if (-1 == read(fd, buffers[0].start, buffers[0].length))
switch (errno) {
case EAGAIN:
return O;

case EIO:
/% Could ignore EIO, see spec. x/
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/+ fall through =/

default:
errno_exit ("read");

process_image (buffers[0] .start, buffers[0].length);
break;

case IO_METHOD_MMAP:
CLEAR (buf) ;

buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_MMAP;

if (-1 == xioctl(fd, VIDIOC_DQBUF, &buf)) {
switch (errno) {
case EAGAIN:

return 0;

case EIO:
/+ Could ignore EIO, see spec. */

/* fall through =/

default:
errno_exit ("VIDIOC_DQRBUE") ;

assert (buf.index < n_buffers);
process_image (buffers[buf.index].start, buf.bytesused);
if (-1 == xioctl (fd, VIDIOC_QRBUF, &buf))

errno_exit ("VIDIOC_QBUF") ;

break;

case IO_METHOD_USERPTR:
CLEAR (buf) ;

buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_USERPTR;

if (-1 == xioctl(fd, VIDIOC_DQBUF, &buf)) {
switch (errno) {
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case EAGAIN:
return O;

case EIO:
/* Could ignore EIO, see spec. */

/* fall through */

default:
errno_exit ("VIDIOC_DQRUFEF") ;
}
}
for (i = 0; 1 < n_buffers; ++1i)
if (buf.m.userptr == (unsigned long)buffers[i].st:
&& buf.length == buffers[i].length)

break;
assert (i < n_buffers);
process_image ( (void )buf.m.userptr, buf.bytesused);

if (-1 == xioctl (fd, VIDIOC_QRBUF, &buf))
errno_exit ("VIDIOC_QBUEF") ;
break;

return 1;

static void mainloop (void)

{

unsigned int count;
count = frame_count;

while (count—-—— > 0) {
for (;i) |
fd_set fds;
struct timeval tv;
int r;

FD_ZERO (&fds) ;
FD_SET (fd, &fds);

/* Timeout. x/

tv.tv_sec = 2;
tv.tv_usec = 0;
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r = select (fd + 1, &fds, NULL, NULL, &tv);

if (=1 == r) {
if (EINTR == errno)
continue;
errno_exit ("select");

if (0 == r) {
fprintf (stderr, "select timeout\n");
exit (EXIT_FAILURE) ;

if (read_frame())
break;

/* EAGAIN - continue select loop. =*/

static void stop_capturing(void)

{

static void start_capturing(void)

{

enum v412_buf_type type;

switch (io) {
case I0O_METHOD_READ:

/+ Nothing to do.

break;

case I0_METHOD_MMAP:
case I0_METHOD_USERPTR:

*/

type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
if (-1 == xioctl(fd, VIDIOC_STREAMOFF, &type))
errno_exit ("VIDIOC_STREAMOFE") ;

break;

unsigned int i;
enum v412_buf_type type;

switch (io) {
case I0_METHOD_READ:

/* Nothing to do.

break;

*/
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case I0_METHOD_MMAP:
for (i = 0; 1 < n_buffers; ++i) {
struct v412_buffer buf;

CLEAR (buf) ;

buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_MMAP;
buf.index = 1i;

if (-1 == xioctl(fd, VIDIOC_QBUF, é&buf))
errno_exit ("VIDIOC_QBUF") ;
}
type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
if (-1 == xioctl(fd, VIDIOC_STREAMON, &type))
errno_exit ("VIDIOC_STREAMON") ;
break;

case I0_METHOD_USERPTR:
for (i = 0; 1 < n_buffers; ++1i) {
struct v41l2_buffer buf;

CLEAR (buf) ;

buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_USERPTR;

buf.index = 1i;

buf.m.userptr = (unsigned long)buffers[i].start;
buf.length = buffers[i].length;

if (-1 == xioctl (fd, VIDIOC_QBUF, &buf))
errno_exit ("VIDIOC_QBUF") ;
}
type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
if (-1 == xioctl(fd, VIDIOC_STREAMON, &type))
errno_exit ("VIDIOC_STREAMON") ;
break;

static void uninit_device (void)

{

unsigned int i;

switch (io) {

case IO_METHOD_READ:
free (buffers[0].start);
break;
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case IO_METHOD_MMAP:
for (1 = 0; 1 < n_buffers; ++1)
if (-1 == munmap (buffers[i].start, buffers[i].len
errno_exit ("munmap") ;
break;

case I0_METHOD_USERPTR:
for (i = 0; 1 < n_buffers; ++1)
free (buffers[i].start);
break;

free (buffers);

static void init_read(unsigned int buffer_size)

{

buffers = calloc(l, sizeof (xbuffers));

if (!buffers) {
fprintf (stderr, "Out of memory\n");
exit (EXIT_FAILURE);

buffers[0].length = buffer_size;
buffers[0].start = malloc (buffer_size);

if (!buffers[0].start) {
fprintf (stderr, "Out of memory\n");
ex1t (EXIT_FAILURE) ;

static void init_mmap (void)

{

struct v41l2_requestbuffers reqg;
CLEAR (req) ;

reg.count = 4;
req.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
reqg.memory = V4L2_MEMORY_MMAP;

if (-1 == xioctl(fd, VIDIOC_REQBUFS, &req)) {
if (EINVAL == errno) {
fprintf (stderr, "%s does not support "
"memory mapping\n", dev_name);
exit (EXIT_FAILURE) ;
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} else {
errno_exit ("VIDIOC_REQBUFS") ;

if (reg.count < 2) {
fprintf (stderr, "Insufficient buffer memory on %s\n",
dev_name) ;
exit (EXIT_FAILURE) ;

buffers = calloc(reg.count, sizeof (sbuffers));
if (!buffers) {

fprintf (stderr, "Out of memory\n");
exit (EXIT_FAILURE) ;

for (n_buffers = 0; n_buffers < reg.count; ++n_buffers) {
struct v41l2_buffer buf;

CLEAR (buf) ;

V4L2_BUF_TYPE_VIDEO_ CAPTURE;
V412 _MEMORY_MMAP;
n_buffers;

buf.type

buf.memory

buf.index

if (-1 == xioctl (fd, VIDIOC_QUERYBUF, ¢&buf))
errno_exit ("VIDIOC_QUERYRBUE") ;

buffers[n_buffers].length = buf.length;
buffers[n_buffers].start =
mmap (NULL /* start anywhere */,
buf.length,
PROT_READ | PROT_WRITE /% required =/,
MAP_SHARED /* recommended =*/,
fd, buf.m.offset);

if (MAP_FAILED == buffers[n_buffers].start)
errno_exit ("mmap") ;

static void init_userp(unsigned int buffer_ size)
{

struct v41l2_requestbuffers reqg;

CLEAR (req) ;
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reg.count = 4;
req.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
reg.memory = V4L2_MEMORY_USERPTR;

if (-1 == xioctl (fd, VIDIOC_REQBUFS, &req)) {
if (EINVAL == errno) {
fprintf (stderr, "%s does not support "
"user pointer i/o\n", dev_name);
exit (EXIT_FAILURE) ;
} else {

errno_exit ("VIDIOC_REQBUFS") ;

buffers

calloc (4, sizeof (¥buffers));

if (!'buffers) {
fprintf (stderr, "Out of memory\n");
ex1t (EXIT_FAILURE) ;

for (n_buffers = 0; n_buffers < 4; ++n_buffers) {
buffers[n_buffers].length = buffer_size;
buffers[n_buffers].start = malloc (buffer_size);

if (!'buffers[n_buffers].start) {
fprintf (stderr, "Out of memory\n");
exit (EXIT_FAILURE);

static void init device (void)

{

struct v41l2_capability cap;
struct v41l2_cropcap cropcap;
struct v41l2_crop crop;
struct v41l2_format fmt;
unsigned int min;

if (-1 == xioctl(fd, VIDIOC_QUERYCAP, &cap)) {
if (EINVAL == errno) {
fprintf (stderr, "%s is no V4L2 device\n",
dev_name) ;
exit (EXIT_FAILURE)
} else {

errno_exit ("VIDIOC_QUERYCAP") ;

4
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}

if (! (cap.capabilities & V4L2_CAP_VIDEO_CAPTURE)) {

fprintf (stderr, "%s is no video capture device\n",
dev_name) ;

exit (EXIT_FAILURE);

switch (io) {
case I0_METHOD_READ:
if (! (cap.capabilities & V4L2_CAP_READWRITE)) {
fprintf (stderr, "%s does not support read i/o\n",
dev_name) ;
exit (EXIT_FAILURE) ;
}
break;

case IO_METHOD_MMAP :
case IO_METHOD_USERPTR:
if (! (cap.capabilities & V4L2_CAP_STREAMING)) {
fprintf (stderr, "%s does not support streaming i/
dev_name) ;
exit (EXIT_FAILURE) ;

break;

/+ Select video input, video standard and tune here. «/

CLEAR (cropcap) ;
cropcap.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;

if (0 == xioctl(fd, VIDIOC_CROPCAP, &cropcap)) {
crop.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
crop.c = cropcap.defrect; /x reset to default =/

if (-1 == xioctl(fd, VIDIOC_S_CROP, &crop)) {
switch (errno) {
case EINVAL:
/+ Cropping not supported. =*/
break;
default:
/x Errors ignored. =/
break;
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}
} else {
/* Errors ignored. =*/

CLEAR (fmt) ;

fmt.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
if (force_format) {

fmt.fmt.pix.width = 640;
fmt.fmt.pix.height = 480;
fmt.fmt.pix.pixelformat = V4L2_PIX_ FMT_YUYV;
fmt.fmt.pix.field = V4L2_FIELD_INTERLACED;
if (-1 == xioctl (fd, VIDIOC_S_FMT, &fmt))

errno_exit ("VIDIOC_S_FMT");

/* Note VIDIOC_S_FMT may change width and height. =x/
} else {
/* Preserve original settings as set by v4l2-ctl for examy
if (-1 == xioctl (fd, VIDIOC_G_FMT, &fmt))
errno_exit ("VIDIOC_G_FMT") ;

/* Buggy driver paranoia. =*/

min = fmt.fmt.pix.width * 2;

if (fmt.fmt.pix.bytesperline < min)
fmt.fmt.pix.bytesperline = min;

min = fmt.fmt.pix.bytesperline » fmt.fmt.pix.height;

if (fmt.fmt.pix.sizeimage < min)
fmt.fmt.pix.sizeimage = min;

switch (io) {

case I0_METHOD_READ:
init_read(fmt.fmt.pix.sizeimage);
break;

case IO_METHOD_MMAP:
init_mmap () ;
break;

case IO_METHOD_USERPTR:

init_userp (fmt.fmt.pix.sizeimage);
break;
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static void close_device (void)
{
if (-1 == close(fd))
errno_exit ("close");

static void open_device (void)

{

struct stat st;

if (-1 == stat (dev_name, &st)) {
fprintf (stderr, "Cannot identify ’"%s’: %d, %$s\n",
))

dev_name, errno, strerror (errno
exit (EXIT_FAILURE) ;

if (!S_ISCHR(st.st_mode)) {
fprintf (stderr, "%s is no device\n", dev_name) ;
exit (EXIT_FAILURE) ;

fd = open(dev_name, O_RDWR /% required =/ | O_NONBLOCK, O0);

if (-1 == f£d) {
fprintf (stderr, "Cannot open ’%s’: %d, %s\n",
dev_name, errno, strerror (errno));
exit (EXIT_FAILURE) ;

static void usage (FILE xfp, int argc, char xxargv)
{
fprintf (fp,
"Usage: %s [options]\n\n"
"Version 1.3\n"
"Options:\n"

"-d | —--device name Video device name [%s]\n"

"-h | —--help Print this message\n"

"-m | ——-mmap Use memory mapped buffers [default
"-r | —--read Use read() calls\n"

"-u | --userp Use application allocated buffers\
"-o | —-output Outputs stream to stdout\n"

"-f | ——format Force format to 640x480 YUYV\n"
"-c¢ | ——count Number of frames to grab [%$i]\n"

420



argv[0], dev_name, frame_count);

static const char short_options[] = "d:hmruofc:";

Appendix C. Video Capture Example

static const struct option

long_options[] = {
{ "device",
"help",
"mmap",
"read",
"userp",
"output",
"format",
"count",
0o, 0, O,

e e e e e e

}i
int main(int argc,
{

dev_name =

for (;;) {

required_argument, NULL, ’'d’

no_argument, NULL, "h’
no_argument, NULL, ’'m’
no_argument, NULL, ’'zr’
no_argument, NULL, ’'u’
no_argument, NULL, "o’
no_argument, NULL, ' f’

required_argument, NULL, ’c’
0}

char **xargv)

"/dev/videoO";

int idx;

int c;

Cc =

if

getopt_long(argc, argv,

y
by
by
by
y
by
by
by

short_options, long_options, &idx);

(-1 == ¢)
break;

switch (c) {

case 0: /x getopt_long() flag =/

break;

case ’"d’:

dev_name = optarg;
break;

case "h':

usage (stdout, argc, argv);

exit (EXIT_SUCCESS) ;

case 'm’:

io = IO_METHOD_MMAP;
break;
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case 'r’:
io = IO_METHOD_READ;
break;
case ’'u’:
io = IO_METHOD_USERPTR;
break;

case "o':
out_buf++;
break;

case "f’:
force_format++;
break;

case ’'c’:
errno = 0;
frame_count = strtol (optarg, NULL,
if (errno)
errno_exit (optarqg) ;
break;

default:
usage (stderr, argc, argv);
exit (EXIT_FAILURE) ;

open_device();
init_device () ;
start_capturing();
mainloop () ;
stop_capturing() ;
uninit_device () ;
close_device () ;
fprintf (stderr, "\n");
return 0;



Appendix D. Video Grabber example
using libv4li

This program demonstrates how to grab V412 images in ppm format by using
libv4l handlers. The advantage is that this grabber can potentially work with any
V4L2 driver.

/* VAL2 video picture grabber

Copyright (C) 2009 Mauro Carvalho Chehab <mchehab@infradead.org>
This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by

the Free Software Foundation version 2 of the License.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

*/

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

#define CLEAR(xX) memset (& (x),

<stdio.h>
<stdlib.h>
<string.h>
<fcntl.h>

<errno.h>
<sys/ioctl.h>
<sys/types.h>
<sys/time.h>
<sys/mman.h>
<linux/videodev2.h>
"../libv4l/include/libv412.h"

0, sizeof(x))

struct buffer {

}i

static void xioctl (int fh,

{

void

xstart;

size_t length;

int request, void

int r;

*arqg)
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do |

r = v4l2_ioctl (fh, request, arqg);
} while (r == -1 && ((errno == EINTR) || (errno == EAGAIN)));
if (r == -1) {

fprintf (stderr, "error %d, %s\n", errno, strerror(errno))
exit (EXIT_FAILURE) ;

int main(int argc, char *xxargv)

{
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struct v412_format fmt;

struct v41l2 _buffer buf;

struct v412_requestbuffers req;

enum v412_buf_type type;

fd_set fds;

struct timeval tv;

int r, fd = -1;
unsigned int i, n_buffers;
char x*dev_name = "/dev/videoO";
char out_name [256];
FILE ~fout;

struct buffer *buffers;

fd = v412_open (dev_name, O_RDWR | O_NONBLOCK, O0);
if (fd < 0) {

perror ("Cannot open device");

exit (EXIT_FAILURE) ;

CLEAR (fmt) ;
fmt.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;

fmt.fmt.pix.width = 640;

fmt.fmt.pix.height = 480;
fmt.fmt.pix.pixelformat = V4L2_PIX_FMT_RGB24;
fmt.fmt.pix.field = V4L2_FIELD_INTERLACED;
xioctl (fd, VIDIOC_S_FMT, &fmt);

if (fmt.fmt.pix.pixelformat != V4L2_PIX FMT_RGB24) {

printf ("Libv4l didn’t accept RGB24 format. Can’t proceed.’
exit (EXIT_FAILURE) ;
}
if ((fmt.fmt.pix.width != 640) || (fmt.fmt.pix.height != 480))
printf ("Warning: driver is sending image at %dx%d\n",
fmt.fmt.pix.width, fmt.fmt.pix.height);

CLEAR (req) ;
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reg.count = 2;

req.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
reg.memory = V4L2_MEMORY_MMAP;

xioctl (fd, VIDIOC_REQRBUFS, &req);

buffers = calloc(reqg.count, sizeof («sbuffers));

for (n_buffers = 0; n_buffers < reqg.count; ++n_buffers) {
CLEAR (buf) ;
buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_MMAP;

buf.index n_buffers;

xioctl (fd, VIDIOC_QUERYBUF, &buf);

buffers([n_buffers].length = buf.length;
buffers[n_buffers].start = v412_mmap (NULL, buf.length,
PROT_READ | PROT_WRITE, MAP_SHARED,
fd, buf.m.offset);

if (MAP_FAILED == buffers[n_buffers].start) {
perror ("mmap") ;
exit (EXIT_FAILURE) ;

for (i = 0; 1 < n_buffers; ++i) {
CLEAR (buf) ;
buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_MMAP;
buf.index = 1i;
xioctl (fd, VIDIOC_QBUF, &buf);

}

type = V4L2_BUF_TYPE_VIDEO_CAPTURE;

xioctl (fd, VIDIOC_STREAMON, &type);
for (i = 0; 1 < 20; i++) {
do {
FD_ZERO (&fds) ;
FD_SET (fd, &fds);

/* Timeout. x/
tv.tv_sec = 2;
tv.tv_usec = 0;

r = select(fd + 1, &fds, NULL, NULL, &tv);
(

} while (r == -1 && (errno = EINTR)));
if (r == -1) |
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perror ("select");
return errno;

CLEAR (buf) ;

buf.type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
buf.memory = V4L2_MEMORY_MMAP;

xioctl (fd, VIDIOC_DQBUF, &buf);

sprintf (out_name, "out%$03d.ppm", 1i);
fout = fopen (out_name, "w");
if (!fout) {
perror ("Cannot open image");
exit (EXIT_FAILURE) ;
}
fprintf (fout, "P6\n%d %d 255\n",
fmt.fmt.pix.width, fmt.fmt.pix.height);
fwrite (buffers[buf.index].start, buf.bytesused, 1, fout);
fclose (fout) ;

xioctl (fd, VIDIOC_QBUF, &buf);
type = V4L2_BUF_TYPE_VIDEO_CAPTURE;
xioctl (fd, VIDIOC_STREAMOFF, &type);
for (1 = 0; 1 < n_buffers; ++1)
v412_munmap (buffers[i] .start, buffers[i].length);

v41l2_close (fd);

return 0;
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v412_std_id

enum v412_buf_type

enum v412_colorspace

enum v412_ctrl_type

enum v412_exposure_auto_type
enum v412_field

enum v412_frmivaltypes

enum v412_frmsizetypes

enum v412_memory

enum v412_mpeg_audio_ac3_bitrate
enum v412_mpeg_audio_crc

enum v412_mpeg_audio_emphasis
enum v412_mpeg_audio_encoding
enum v412_mpeg_audio_l1_bitrate
enum v412_mpeg_audio_l2_bitrate
enum v412_mpeg_audio_I3_bitrate

enum v412_mpeg_audio_mode

enum v412_mpeg_audio_mode_extension

enum v412_mpeg_audio_sampling_freq

struct v412_captureparm
struct v412_clip

struct v412_control

struct v412_crop

struct v412_cropcap

struct v412_dbg_chip_ident
struct v412_dbg_match
struct v412_dbg_register
struct v412_dv_enum_preset
struct v412_dv_preset
struct v412_dv_timings
struct v412_enc_idx

struct v412_enc_idx_entry
struct v412_encoder_cmd
struct v412_ext_control
struct v412_ext_controls
struct v412_fmtdesc

struct v412_format

struct v412_fract

struct v412_framebuffer
struct v412_frequency

struct v412_frmival_stepwise

enum v412_mpeg_cx2341x_video_chroma_spatial_filterstypg v412_frmivalenum

enum v412_mpeg_cx2341x_video_luma_spatial_filter_typeict v412_frmsize discrete

enum v412_mpeg_cx2341x_video_median_filter_type

struct v412_frmsize_stepwise

enum v412_mpeg_cx2341x_video_spatial_filter_mode struct v412_frmsizeenum

enum v412_mpeg_cx2341x_video_temporal_filter_modestruct v412_hw_freq_seek

enum v412_mpeg_stream_type
enum v412_mpeg_stream_vbi_fmt

enum v412_mpeg_video_aspect

enum v412_mpeg_video_bitrate_mode

enum v412_mpeg_video_encoding
enum v412_power_line_frequency
enum v412_priority

enum v412_tuner_type

enum v412_preemphasis

struct v412_audio

struct v412_audioout

struct v412_bt_timings

struct v412_buffer

struct v412_capability

struct v412_input

struct v412_jpegcompression
struct v412_modulator

struct v412_mpeg_vbi_fmt_ivtv
struct v412_output

struct v412_outputparm
struct v412_pix_format
struct v412_queryctrl

struct v412_querymenu
struct v412_rect

struct v412_requestbuffers
struct v412_sliced_vbi_cap
struct v412_sliced_vbi_data

struct v412_sliced_vbi_format
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struct v412_standard
struct v412_streamparm
struct v412_timecode
struct v412_tuner

struct v412_vbi_format
struct v412_window
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Chapter 8. Introduction

8.1. What you need to know

The reader of this document is required to have some knowledge in the area of
digital video broadcasting (DVB) and should be familiar with part I of the MPEG2
specification ISO/IEC 13818 (aka ITU-T H.222), i.e you should know what a
program/transport stream (PS/TS) is and what is meant by a packetized elementary
stream (PES) or an I-frame.

Various DVB standards documents are available from http://www.dvb.org and/or
http://www.etsi.org.

It is also necessary to know how to access unix/linux devices and how to use ioctl
calls. This also includes the knowledge of C or C++.

8.2. History

The first API for DVB cards we used at Convergence in late 1999 was an extension
of the Video4Linux API which was primarily developed for frame grabber cards.
As such it was not really well suited to be used for DVB cards and their new
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Figure 8-1. Components of a DVB card/STB
The Linux DVB API lets you control these hardware components through currently

six Unix-style tharacter devices for video, audio, frontend, demux, CA and
[P-over-DVB networking. The video and audio devices control the MPEG2 decoder
Idrtwialoe pdi€ firontend device the tuner and the DVB demodulator. The demux
device gives you control over the PES and section filters of the hardware. If the
hardware does jnot support filtering these filters can be implemented in software.
Finally, the CA device controls all the conditional access capabilities of the
RaRAWBrPAl canddepENiBnatéoprdiordhil Bocusigl e gairsistomns tiethel psinifogrimdin
haddvswersanypoheidSCA functions are made available to the application through
this device.
Alfﬁ%%&%gg & %lesztfggno 1t1111 e 93?\)%%? udnedTel? gclllel\a}}%b The individual devices are
callbete the raw signal reaches the DVB hardware from a satellite dish or antenna or
directly from cable. The frontend down-converts and demodulates this signal into
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) {gg}} ﬁly%%%aeﬁéiﬁ%/%%uﬁ%%ém control (SEC), which allows control of LNB
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< s W%%§Nﬁr@?ﬁﬁed through the CA hardware. Programs to which the user
has access (controlled by the smart card) are decoded in real time and re-inserted
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¢ [eifdipiekariericdadidters the incoming DVB stream
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More details about the data structures and function calls of all the devices are
described in the following chapters.

8.5. APl include files

For each of the DVB devices a corresponding include file exists. The DVB API
include files should be included in application sources with a partial path like:

#include <linux/dvb/frontend.h>

To enable applications to support different API version, an additional include file
linux/dvb/version.h exists, which defines the constant DVB_API _VERSION. This
document describes DVB_API_VERSION 3.
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Chapter 9. DVB Frontend API

The DVB frontend device controls the tuner and DVB demodulator hardware. It can
be accessed through /dev/dvb/adapterO/frontend(. Data types and and ioctl
definitions can be accessed by including linux/dvb/frontend.h in your application.

DVB frontends come in three varieties: DVB-S (satellite), DVB-C (cable) and
DVB-T (terrestrial). Transmission via the internet (DVB-IP) is not yet handled by
this API but a future extension is possible. For DVB-S the frontend device also
supports satellite equipment control (SEC) via DiSEqC and V-SEC protocols. The
DiSEqC (digital SEC) specification is available from Eutelsat
(http://www.eutelsat.com/satellites/4_5_5.html).

Note that the DVB API may also be used for MPEG decoder-only PCI cards, in
which case there exists no frontend device.

9.1. Frontend Data Types

9.1.1. frontend type

For historical reasons frontend types are named after the type of modulation used in
transmission.

typedef enum fe_type {
FE_QPSK, /* DVB-S %/
FE_QAM, /* DVB-C %/
FE_OFDM /* DVB-T %/
} fe_type_t;

9.1.2. frontend capabilities

Capabilities describe what a frontend can do. Some capabilities can only be
supported for a specific frontend type.

typedef enum fe_caps {

FE_IS_STUPID =0,
FE_CAN_INVERSION_AUTO = 0x1,
FE_CAN_FEC_1 2 = 0x2,

FE_CAN_FEC_2_3 0x4,
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94 4 diseqc master command

FE_CAN FEC_4 5 = 0x10,
Armessagersent from the frontend to DiSEq()gapable equipment.
FE _CAN FEC _6_7 = 0x40,

PETUEK fNb_digeqc_master_cmd {_ oyxgo,
FéﬂéﬁNEF@éﬁSié]; /*x { framing. @§q§%§s, command, data[3] } %/

PEREANTFREIALSR; /* valid valueg,spg, 3...6 */

PE_CAN_QPSK = 0x400,
FE_CAN_QAM 16 = 0x800,
FE_CAN_QAM_ 32 = 0x1000,
FE_CAN_QAM_64 = 0x2000,
94 b ékSQQ]sC slave reply - ox4000,
FE_CAN_QAM 256 0x8000,

AEJE’P%M{P gﬁ,ifrg%t%d from DiSEqC 2.0 caR%lgi% %%meent

FE_CAN TRANSMISSION MODE_AUTO = 0x20000,
struct dvb_di SICLE sIave _reply {
FE_CAN BANDWIDT = 0x40000

PEPERRTCHR D_ IﬂlTEﬁVAL{A%%%mmg’ %até%oétqﬁf

FE_CAN_|
FeoERN TR PRERRERE_AbroTo 9 valued, gpgdy. - 4" neans o nsg v
int timeout; /* return from 1%%5% %fter timeout ms with %/
FE_CAN 8VSEB 0

%E CAN 16VSB /* err ri%%%o%hen no message was received */

FE_HAS_EXTENDED_CAPS 0x800000,
FE_CAN_TURBO_FEC = 0x8000000,
0x10000000

i}-;rié ﬁc& MODULAT v ,
ave rep y = 0x20000000,

TEe O ggg i %ﬁvﬁly used with non- D18Eq(9 c gboleq;olng to switch the

p(? ar atlon o,glzontal/vertlcal) When using D1 Eq8 epuipment this voltage has to

be sw1tcheg con51stently to the DiISEqC commands as described in the DiSEqC
spec.

i méﬁdehﬁffﬁ%t{lon

InCP‘BFmXHBE BBBut the frontend ca be queried with FE_GET_INFO.

} fe_sec_voltage_t;

struct dvb_frontend info {

char name [128];

fe_type_t type;
9.1.7: SEC continuous tone
uint32_t frequency_max;

The contingous 22K Hztong is psually,used with non-DiSEqC capable LNBs to
switgh the high/love bard of adual-band L NB. When using DiSEqC epuipment this
voliageshasto besswiiched-eansistently to the DISEqC commands as described in
theiDISEqE spesymbol_rate_max;

uint32_t symbol_rate_tolerance; /* ppm x/
typedeftenumotefsee_tehaymode /% ms %/
BECcEPNELONgaps;

$EC_TONE_OFF
} fe_sec_tone_mode_t;
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0 1:8liISBECKtone bursthve to use the opsKParameters member
defined by
The 22KHz tone burst is usually used with non-DiSEqC capable switches to select

betweenttwd tonmeskedbNBstsataltitels. When using DiISEqC epuipment this

voltdge-Bas fo be switchededsistently to thesDiSEQCLleomirrands as deleriedimr second +/
théq9ﬁ99$§6ﬁé§e—t fec_inner; /x forward error correction (see above) x/

typedef enum fe_sec_mini_cmd {

formeabler QAN frontend you use the QAMParameters structure
SEC_MINI_B
struckedvhifameparameters {

uint32_t symbol_rate; /x symbol rate in Symbols per second =%/
fe_code_rate_t fec_inner; /* forward error correction (see above) x*/
fe_modulation_t modulation; /% modulation type (see above) %/

9.1.9. frontend status

DVB-T frontends are surf)ported the OFDMParamters structure
Several functions of the frontend device use the fe_status data type defined by

struct dvb_ofdm_parameters {

C¥ReASfaF Rt TSt atUSaddwidth; ' .
FE_HBESIGNRL: = O¥8L: raclFmpiound AOBARTBITEr2PGVELFREMPRESE F5¥EL.H/
%@:@ééeﬁ%%@%ﬁ% gégéLratéiLPgou9§ ?OQVBIE%%E%§ s%éeam code rate %/
%@:ﬂééﬁY%g%gEEt - gégételléﬁlo%Ec/ismggﬁ?g%ioﬁ/type (see above) %/
%@:@%gﬁg%yg_mode_t: 9§2§5mlsélonf%%%%;sync bytes x/

%@:gﬁgragggterval_f 8§$9d_1né rv%ggrything’s.working... */
BELIMEDOUT, « - Q¥80arcn{*in38-hagiohithin the last -2 seconds x/
}EE_REINIT = 0x40 /x frontend was reinitialized, */

} fe_status_t; /* application is recommned to reset

In thg case %f QPSK frontends the Frequhency field specifies the intermediate
}Oelc?uéﬁ%gfe, e GRTshi sfalm 1s T HaH 1vefm%%%l (ﬂ etﬁml%ca oscrﬂator frequency

(LOF) of the LNB. The intermediate frequency has to be specified in units of kHz.
For QAM and OFDM frontends the Frequency specifies the absolute frequency and

94:10.Hrontend parameters
The Iaxarsiogafishdean s ometihessntalitedevice for tuning depend on the kind

of hardware ou are usrn All kmds of arameters are combined as an union in the

F typedef énum fe ectral_inversion
r%%ﬁg%alr Eleé%rg structure
INVER
s%rggtségg %rontend _parameters {
N %5 frequency, /* (absolute) frequency in Hz for QAM/OFDM %/

f 1
b te SgecEggerﬁggfggéO?reéuency in kHz for QPSK %/

rsio

ral_inversion
It lgéllcg? speCtra mversion SE‘IOUT(Y %e presurned or not. In the automatic settlng

(INV%RSI%N _QA%T%? thE harcllfvg%ret\gﬂl trg tgkﬁ;gure out the correct setting by itself.

The possible valbesifor the rareetiewns r field/are

struct dvb_ofdm_parameters ofdm;
typagdef enum fe_code_rate {
}JFEC_NONE = 0,
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FEC_1_2,
FEC_2_3,
FEC_3_4,
FEC_4_5,
FEC_5_6,
FEC_6_7,
FEC_7_8,
FEC_8_9,
FEC_AUTO
} fe_code_rate_t;

which correspond to error correction rates of 1/2, 2/3, etc., no error correction or
auto detection.

For cable and terrestrial frontends (QAM and OFDM) one also has to specify the
quadrature modulation mode which can be one of the following:

typedef enum fe_modulation {
QPSK,

QAM 16,

QAM_32,

QAM_64,

QAM_128,

QAM_256,

QAM_AUTO

} fe_modulation_t;

Finally, there are several more parameters for OFDM:

typedef enum fe_transmit_mode {
TRANSMISSION_MODE_ 2K,
TRANSMISSION_MODE_ 8K,
TRANSMISSION_MODE_AUTO

} fe_transmit_mode_t;

typedef enum fe_bandwidth {
BANDWIDTH 8 MHZ,
BANDWIDTH_7_MHZ,
BANDWIDTH_6_MHZ,
BANDWIDTH_AUTO

} fe_bandwidth_t;

typedef enum fe_guard_interval {
GUARD_INTERVAL_1_32,
GUARD_INTERVAL_1 16,
GUARD_INTERVAL_1_ 8,
GUARD_INTERVAL_1_4,
GUARD_INTERVAL_AUTO

} fe_guard_interval_t;

typedef enum fe_hierarchy {
HIERARCHY_NONE,
HIERARCHY_1,

HIERARCHY_2,

HIERARCHY_A4,
HIERARCHY_AUTO
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‘ int open(const char xdeviceName, int flags);

PARAMETERS
const char *deviceName Name of specific video device.
int flags A bit-wise OR of the following flags:
O_RDONLY read-only access
O_RDWR read/write access
O_NONBLOCK open in non-blocking
mode
(blocking mode is the default)
ERRORS
ENODEV Device driver not loaded/available.
EINTERNAL Internal error.
EBUSY Device or resource busy.
EINVAL Invalid argument.

9.2.2. close()

DESCRIPTION

automatically.

This system call closes a previously opened front-end device. After closing a
front-end device, its corresponding hardware might be powered down

SYNOPSIS

‘ int close(int fd);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

ERRORS
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’ EBADF ‘ fd is not a valid open file descriptor.

9.2.3. FE_READ STATUS

DESCRIPTION

This ioctl call returns status information about the front-end. This call only
requires read-only access to the device.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_READ_STATUS, fe_status_t xstatus);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals FE_READ_STATUS for this
command.
struct fe_status_t *status Points to the location where the
front-end status word is to be stored.
ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT status points to invalid address.

9.2.4. FE_READ BER
DESCRIPTION

This ioctl call returns the bit error rate for the signal currently
received/demodulated by the front-end. For this command, read-only access to the
device is sufficient.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_READ_BER, uint32_t xber);




PARAMETERS
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int fd

File descriptor returned by a previous
call to open().

int request

Equals FE_READ_BER for this
command.

uint32_t *ber

The bit error rate is stored into *ber.

ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT ber points to invalid address.
ENOSIGNAL There is no signal, thus no meaningful
bit error rate. Also returned if the
front-end is not turned on.
ENOSYS Function not available for this device.

9.2.5. FE_READ_SNR

DESCRIPTION

This ioctl call returns the signal-to-noise ratio for the signal currently received by
the front-end. For this command, read-only access to the device is sufficient.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_READ_SNR, int16_t xsnr);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals FE_READ_SNR for this
command.

intl6_t *snr

The signal-to-noise ratio is stored into
*snr.

ERRORS

EBADF

fd is not a valid open file descriptor.
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EFAULT snr points to invalid address.

ENOSIGNAL There is no signal, thus no meaningful
signal strength value. Also returned if
front-end is not turned on.

ENOSYS Function not available for this device.

9.2.6. FE_READ_SIGNAL_STRENGTH

DESCRIPTION

This ioctl call returns the signal strength value for the signal currently received by
the front-end. For this command, read-only access to the device is sufficient.

SYNOPSIS

int ioctl( int fd, int request = FE_READ_SIGNAL_STRENGTH, intl16_t

*strength);
PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals
FE_READ_SIGNAL_STRENGTH for
this command.
int16_t *strength The signal strength value is stored into
*strength.
ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT status points to invalid address.
ENOSIGNAL There is no signal, thus no meaningful
signal strength value. Also returned if
front-end is not turned on.
ENOSYS Function not available for this device.
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9.2.7. FE_READ_UNCORRECTED BLOCKS

DESCRIPTION

This ioctl call returns the number of uncorrected blocks detected by the device
driver during its lifetime. For meaningful measurements, the increment in block
count during a specific time interval should be calculated. For this command,
read-only access to the device is sufficient.

Note that the counter will wrap to zero after its maximum count has been reached.

SYNOPSIS

int ioctl( int fd, int request = FE_READ_UNCORRECTED_BLOCKS, uint32_t
*ublocks);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals
FE_READ_UNCORRECTED_BLOCKS
for this command.
uint32_t *ublocks The total number of uncorrected blocks
seen by the driver so far.
ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT ublocks points to invalid address.
ENOSYS Function not available for this device.

9.2.8. FE_SET_FRONTEND

DESCRIPTION
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This ioctl call starts a tuning operation using specified parameters. The result of
this call will be successful if the parameters were valid and the tuning could be
initiated. The result of the tuning operation in itself, however, will arrive
asynchronously as an event (see documentation for FE_GET_EVENT and
FrontendEvent.) If a new FE_SET_FRONTEND operation is initiated before the
previous one was completed, the previous operation will be aborted in favor of the

new one. This command requires read/write access to the device.

SYNOPSIS

int ioctl(int fd, int request = FE_SET_FRONTEND, struct

dvb_frontend_parameters xp);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals FE_SET_FRONTEND for this
command.

struct dvb_frontend_parameters *p

Points to parameters for tuning
operation.

ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT p points to invalid address.
EINVAL Maximum supported symbol rate

reached.

9.2.9. FE_GET_FRONTEND

DESCRIPTION

This ioctl call queries the currently effective frontend parameters. For this
command, read-only access to the device is sufficient.

SYNOPSIS

dvb_frontend_parameters xp);

int ioctl(int fd, int request = FE_GET_FRONTEND, struct
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PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals FE_SET_FRONTEND for this
command.
struct dvb_frontend_parameters *p Points to parameters for tuning
operation.
ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT p points to invalid address.
EINVAL Maximum supported symbol rate
reached.

9.2.10. FE_GET_EVENT

DESCRIPTION

This ioctl call returns a frontend event if available. If an event is not available, the
behavior depends on whether the device is in blocking or non-blocking mode. In
the latter case, the call fails immediately with errno set to EWOULDBLOCK. In
the former case, the call blocks until an event becomes available.

The standard Linux poll() and/or select() system calls can be used with the device
file descriptor to watch for new events. For select(), the file descriptor should be
included in the exceptfds argument, and for poll(), POLLPRI should be specified
as the wake-up condition. Since the event queue allocated is rather small (room for
8 events), the queue must be serviced regularly to avoid overflow. If an overflow
happens, the oldest event is discarded from the queue, and an error
(EOVERFLOW) occurs the next time the queue is read. After reporting the error
condition in this fashion, subsequent FE_GET_EVENT calls will return events
from the queue as usual.

For the sake of implementation simplicity, this command requires read/write
access to the device.

SYNOPSIS

int ioctl(int fd, int request = QPSK_GET_EVENT, struct dvb_frontend_event
*€V);
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PARAMETERS

int fd

File descriptor returned by a previous

call to open().

int request

Equals FE_GET_EVENT for this

command.

struct dvb_frontend_event *ev

Points to the location where the event,

if any, is to be stored.

ERRORS
EBADF fd is not a valid open file descriptor.
EFAULT ev points to invalid address.
EWOULDBLOCK There is no event pending, and the
device is in non-blocking mode.
EOVERFLOW
Overflow in event queue - one or more
events were lost.

9.2.11. FE_GET_INFO

DESCRIPTION

read-only access to the device.

This ioctl call returns information about the front-end. This call only requires

SYNOPSIS

‘ int ioctl(int fd, int request = FE_ GET_INFO, struct dvb_frontend_info xinfo);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals FE_GET_INFO for this
command.

struct dvb_frontend_info *info

Points to the location where the
front-end information is to be stored.

ERRORS
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EBADF

fd is not a valid open file descriptor.

EFAULT

info points to invalid address.

9.2.12. FE_DISEQC_RESET_OVERLOAD

DESCRIPTION

If the bus has been automatically powered off due to power overload, this ioctl
call restores the power to the bus. The call requires read/write access to the device.
This call has no effect if the device is manually powered off. Not all DVB adapters
support this ioctl.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_DISEQC_RESET_OVERLOAD);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals
FE_DISEQC_RESET_OVERLOAD for
this command.

ERRORS
EBADF fd is not a valid file descriptor.
EPERM Permission denied (needs read/write
access).
EINTERNAL Internal error in the device driver.

9.2.13. FE_DISEQC_SEND MASTER_CMD

DESCRIPTION

‘ This ioctl call is used to send a a DiISEqC command.

SYNOPSIS
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dvb_diseqc_master_cmd xcmd);

int ioctl(int fd, int request = FE_DISEQC_SEND_MASTER_CMD, struct

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals
FE_DISEQC_SEND_MASTER_CMD
for this command.

struct dvb_diseqc_master_cmd *cmd

Pointer to the command to be
transmitted.

ERRORS

EBADF fd is not a valid file descriptor.

EFAULT Seq points to an invalid address.

EINVAL The data structure referred to by seq is
invalid in some way.

EPERM Permission denied (needs read/write
access).

EINTERNAL Internal error in the device driver.

9.2.14. FE_DISEQC_RECV_SLAVE_REPLY

DESCRIPTION

‘ This ioctl call is used to receive reply to a DiISEqC 2.0 command.

SYNOPSIS

dvb_diseqc_slave_reply xreply);

int ioctl(int fd, int request = FE_DISEQC_RECV_SLAVE_REPLY, struct

PARAMETERS

int fd

File descriptor returned by a previous
call to open().
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int request Equals
FE_DISEQC_RECV_SLAVE_REPLY
for this command.

struct dvb_diseqc_slave_reply *reply Pointer to the command to be received.
ERRORS

EBADF fd is not a valid file descriptor.

EFAULT Seq points to an invalid address.

EINVAL The data structure referred to by seq is
invalid in some way.

EPERM Permission denied (needs read/write
access).

EINTERNAL Internal error in the device driver.

9.2.15. FE_DISEQC_SEND_BURST

DESCRIPTION

‘ This ioctl call is used to send a 22KHz tone burst.

SYNOPSIS

int ioctl(int fd, int request = FE_DISEQC_SEND_BURST, fe_sec_mini_cmd_t
burst);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals FE_DISEQC_SEND_BURST
for this command.
fe_sec_mini_cmd_t burst burst A or B.
ERRORS
EBADF fd is not a valid file descriptor.
EFAULT Seq points to an invalid address.
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EINVAL The data structure referred to by seq is
invalid in some way.

EPERM Permission denied (needs read/write
access).

EINTERNAL Internal error in the device driver.

9.2.16. FE_SET_TONE

DESCRIPTION

requires read/write permissions.

This call is used to set the generation of the continuous 22kHz tone. This call

SYNOPSIS

‘ int ioctl(int fd, int request = FE_SET_TONE, fe_sec_tone_mode_t tone);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals FE_SET_TONE for this
command.

fe_sec_tone_mode_t tone

The requested tone generation mode

(on/off).

ERRORS
ENODEV Device driver not loaded/available.
EBUSY Device or resource busy.
EINVAL Invalid argument.
EPERM File not opened with read permissions.
EINTERNAL Internal error in the device driver.

9.2.17. FE_SET_VOLTAGE

DESCRIPTION
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‘ This call is used to set the bus voltage. This call requires read/write permissions. ‘

SYNOPSIS

‘ int ioctl(int fd, int request = FE_SET_VOLTAGE, fe_sec_voltage_t voltage); ‘

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals FE_SET_VOLTAGE for this
command.
fe_sec_voltage_t voltage The requested bus voltage.
ERRORS
ENODEV Device driver not loaded/available.
EBUSY Device or resource busy.
EINVAL Invalid argument.
EPERM File not opened with read permissions.
EINTERNAL Internal error in the device driver.

9.2.18. FE_ENABLE_HIGH_LNB_VOLTAGE

DESCRIPTION

If high != 0 enables slightly higher voltages instead of 13/18V (to compensate for
long cables). This call requires read/write permissions. Not all DVB adapters
support this ioctl.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_ENABLE_HIGH_LNB_VOLTAGE, int high); ‘

PARAMETERS

int fd File descriptor returned by a previous
call to open().
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int request

Equals FE_SET_VOLTAGE for this
command.

int high The requested bus voltage.

ERRORS
ENODEV Device driver not loaded/available.
EBUSY Device or resource busy.
EINVAL Invalid argument.
EPERM File not opened with read permissions.
EINTERNAL Internal error in the device driver.

9.2.19. FE_SET_FRONTEND_TUNE_MODE

DESCRIPTION

‘ Allow setting tuner mode flags to the frontend.

SYNOPSIS

flags);

int ioctl(int fd, int request = FE_SET_FRONTEND_TUNE_MODE, unsigned int

PARAMETERS

unsigned int flags

FE_TUNE_MODE_ONESHOT When
set, this flag will disable any zigzagging
or other "normal" tuning behaviour.
Additionally, there will be no automatic
monitoring of the lock status, and hence
no frontend events will be generated. If
a frontend device is closed, this flag will
be automatically turned off when the
device is reopened read-write.

ERRORS

EINVAL

Invalid argument.
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9.2.20.
FE_DISHNETWORK_SEND LEGACY_CMD

DESCRIPTION

WARNING: This is a very obscure legacy command, used only at stv0299 driver.
Should not be used on newer drivers.

It provides a non-standard method for selecting Diseqc voltage on the frontend,
for Dish Network legacy switches.

As support for this ioctl were added in 2004, this means that such dishes were
already legacy in 2004.

SYNOPSIS

int ioctl(int fd, int request = FE_DISHNETWORK_SEND_LEGACY_CMD,
unsigned long cmd);

PARAMETERS
unsigned long cmd sends the specified raw cmd to the dish
via DISEqC.
ERRORS

There are no errors in use for this call

9.3.
FE_GET_PROPERTY/FE_SET PROPERTY

/* Reserved fields should be set to 0 =%/
struct dtv_property {
__u32 cmd;
union {
__u32 data;
struct {
__u8 datal32];
__u32 len;
__u32 reservedl[3];
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vold *reserved?2;
} buffer;
boug
int result;
} __attribute_  ((packed));

/+ num of properties cannot exceed DTV_IOCTL_MAX_MSGS per ioctl =*/
#define DTV_IOCTL_MAX MSGS 64

struct dtv_properties {
__u32 num;

struct dtv_property *xprops;
}i

9.3.1. FE_GET_PROPERTY

DESCRIPTION

This ioctl call returns one or more frontend properties. This call only requires
read-only access to the device.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_GET_PROPERTY, dtv_properties xprops);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int num Equals FE_GET_PROPERTY for this
command.
struct dtv_property *props Points to the location where the
front-end property commands are
stored.
ERRORS
EINVAL Invalid parameter(s) received or number
of parameters out of the range.
ENOMEM Out of memory.
EFAULT Failure while copying data from/to
userspace.
EOPNOTSUPP Property type not supported.
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9.3.2. FE_SET PROPERTY

DESCRIPTION

This ioctl call sets one or more frontend properties. This call only requires
read-only access to the device.

SYNOPSIS

‘ int ioctl(int fd, int request = FE_SET_PROPERTY, dtv_properties xprops);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int num Equals FE_SET_PROPERTY for this
command.
struct dtv_property *props Points to the location where the
front-end property commands are
stored.
ERRORS
EINVAL Invalid parameter(s) received or number
of parameters out of the range.
ENOMEM Out of memory.
EFAULT Failure while copying data from/to
userspace.
EOPNOTSUPP Property type not supported.

9.3.3. Property types

On FE_GET_PROPERTY/FE_SET PROPERTY, the actual action is determined
by the dtv_property cmd/data pairs. With one single ioctl, is possible to get/set up to
64 properties. The actual meaning of each property is described on the next sections.

The available frontend property types are:

#define DTV_UNDEFINED O
#define DTV_TUNE 1
#define DTV_CLEAR 2
#define DTV_FREQUENCY 3
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9.3.4: Parameters that are common to all Digital
TV Stahdards™ " °

#define DTV_INVERSION 6

#define DTV_DISEQC_MASTER 7

9.34:t. DTW SFREQUENCY 8

@ﬁﬁ%ﬁﬁeaﬁé’mlyNng he'c c%annel in HZ.

#define DTV_VOLTAGE 10

WNOlSSine pTv_ToNE 11

HiorISOBIV thd chahnelLare usually transmitted with an offset of 143kHz. E.g. a
yalid frequncy cauldrver474 148 kHz. The stepping is bound to the bandwidth of the
¢hanmeh svhiclv ipoNHde_s1ave_rREPLY 14

IRd i ES DBVEES i Eiihel EdnGSYSE ohby one or three segments the frequency
$epfid u2ORHY, BE4TPFpeLtively.LAs for ISDB-T the central frequency of the
dlmiieb és BPEREL IVERY_SYSTEM 17

#define DTV_ISDBT_PARTIAL_RECEPTION 18

#define DTV_ISDBT_SOUND_BROADCASTING 19

9d3f4r% DTW_IBANDWEDTHBCHENNEL_ID 20

5 V_ISDBT_S %ENT_IDX 21
an width for tThe channel, i 1n .
#define DTV_ISDBT SB SEGMENT_COUNT 22

Passiblevalues: 19320 00a $H9R 088z 6009900, 7000000, 8000000, 10000000,

Kéedsine DIV_ISDBT_LAYERA_MODULATION 24

{§'For ISDB T Shoul be always 600000017 (GMHZ)”

#deflne DTV_ISDBT_LAYERA_TIME_INTERLEAVING 26
2)Eer ISDB:Tsh itgan vary depending onthe number of connected segments

ByBandwidthvdoesh i apply FREDNB>TLEIAMNIssidBs, as the bandwidth for DVB-C
depehidseorDtiie sysmtRil rafeYERB_SEGMENT_COUNT 29

AP BRAGS i fh i TS BT (6N ] OF CREBR &h8iTy d@rived from other
paahdetersiD PV SIS SR SEGMENTLIDX,

BV IISDBTVS BSSEGMENTCCHUNF) T ION - 32

deflne DTV_ ISDBT LAYERC SEGMENT COUNT 33
DVB-T su IE/ports 6,7
#deflne D TSDBT LAYERC TIME INTERLEAVING 34

9 bradditiony DMB- K suppasts 472, 5 and 10MHz.
#define DTV_CODE_RATE_HP 36
#define DTV_CODE_RATE_LP 37

9:3:4:3. BTV DELIVERY, SYSTEM
$pEGHRS (RINpERAPISMTRS Y QYsMAPE 39

#define DTV_HIERARCHY 40
Possible values:
#define DTV_ISDBT_LAYER_ENABLED 41

tdpédae BAVmISBBEeTSudPy 4¥stem {
SYS_UNDEFINED,
SYS_DVBC_ANNEX_AC,
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9534 H5EDTWNEGUARD INTERVAL
SYS _DVRBT,
Poss151€s\lsalues are:

tsgédg¥Behum fe_guard_interval {

EYRrBVER4ERVAL_1_32,
eURRBVERTERVAL_1_16,
eYRRDSPRTERVAL_1_8,
EYRRDSPRPERVAL_1_4,
SYRRBSPREERVAL AUTO,
GYRRBATSNTERVAL_1 128,
SYRRATSNMERVAL_19_128,
GUARDMBNHERVAL_19_256,
}SYE_GMMBE_interval_t;
SYS_DAB,

Notes:DvBT2,

1) 58 LU EEY AN FRTAL s set the GUARD. INTERVAL_AUTO the hardware will

try to find the correct guard interval (if capable) and will use TMCC to fill in the
missing parameters.

9 31 d: b DTV2STRANSMES S 3086 MORE:d only for DVB-T? at present
Specifies the number of carriers used by the standard

Possible values are:

9ypec5@'f esm%%eTt!'a.Qsmlte

TEWE)E%@W@M&}/ what are the possible parameters in the Linux
DVBIRBT A 85X Pr8did now DVB API 5 in order to tune an
ISBEPASHE T thhodiildfor:

TRANSMISSION_MODE_ 4K,
ThisshdB sE1SRBadsb AR extension should reflect all information needed to tune
anyr AI9Br §4S5HB vksbrhardware. Of course it is possible that some very
saplnsticated devicee monitmeed certain parameters to tune.

Thé SfotAtat 1%%1th%)19 fiere’ should help application writers to know how to handle
£§DB7T and ISDB-Tsb hardware using the Linux DVB-API.

Té’fs‘fﬁfaa"'ls &Ve%rl%s?rt F‘ebe"é‘érlﬁe]? Vit %“? %ﬁg%ﬁsﬁﬁr SRSTEROUERP BISIEAIY the
hcf (ﬁg d]; etw cn the fgajx r "values, but surely some
1n ormatlon 1s t out For more etalleg1 ormation see the following documents:

%%Tg SM SION ¥8%$§ssetﬂ§%ri§Ns i§lg§&MP ﬁgéﬁTOthe

ware wi trK Jo find the correc size (if"capa Tuse TMCC to fill
C&Slq%
€ missiig parameters.

g)RIB TR-B1 ét: ; Ii"e(g% aélrg)él%KGzilsl%e%%esslggg Digital Terrestrial Television
roadcas tin E
ﬁ% ]o)r\d/eBr 'El;)zrg 8C]t%gsd})1§ﬁr%léﬁt4§1e %6%a%/%dsome knowledge the channel

structure in ISDB-T and ISDB-Tsb. I.e. it has to be known to the reader that an
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T80 Bl etiyime l cpersoft sednh8rsgame sty chan metsinchehiesagne 3t lisyeomsdiating dfose
seganeh bl timelgswike ahatedefined IDs. A sub-channel is used to help the
BemOMECL Y TYBH RIS BEPPS:

An ISDB-T channel is always centered over all sub-channels. As for the example
above, in ISDB-Tsb it is no longer as simple as that.

9.3.5.1. ISDB-T only parameters

The DTV_ISDBT_SB_SUBCHANNEL_ID parameter is used to give the sub-channel
ID of the segment to be demodulated.

Boditble LaRiel- 6 SR A ARGy RECERTION

If DTV_ISDBT_SOUND_BROADCASTING is ‘0’ this bit-field represents whether the

channel is in partial reception mode or not.

9.3.5.1.4. DTV_ISDBT_SB_SEGMENT_IDX ,
If’1" DTv_ISDBT_LAYERA_* values are assigned to the center segment and

This fieJdionly appHas HiRRiEs LR nFORAPPRORPCASTING is "1,

BT elfefffidn B2+S BHENT s TRt wasdhe dadex pthe-gegment to be demodulated
foran LHPB-Bsh.channek whese sexerapal e Wit (FAATMERIDB ticenaaaads

Biliisting of one segment and layer or three segments and two layers.

Bossible values: 8,17V (A6AR)-SB-SEGMENT_COUNT - |

Note: This value cannot be determined by an automatic channel search.

9.3.5.1.2. DTV_ISDBT_ SOUND_BROADCASTING

9.3.5.1.5. DTV_I1SDBT SB SEGMENT_COUNT )
This field represents whether the other DTV_ISDBT_*-parameters are referring to

dhisiadPabaanPiSHB A58 chahREl $958 RIsBROADCASTING is 17,
BFV_15BBT_EAREEALERECEBTL®Nives the total count of connected ISDB-Tsb
PR values: 0, 1, -1 (AUTO)

Possible values: 1 .. 13

Note: This value cannot be determined by an automatic channel search.
9.3.5.1.3. DTV_ISDBT SB_SUBCHANNEIL,_ ID

This field only applies if DTV_ISDBT_SOUND_BROADCASTINGis '1’.

9.3.5.1.6. Hierarchical layers o
(Note of the author: This might not be the correct description of the

ERBgwhannels canbeepded Bigrarrhigylbndssennesid 3o Y BchirdPDB-T
Bigtesebisal vsisean hio gesedsdsinpltancously. For that reason a ISDB-T

demodulator has 3 viterbi and 3 reed-solomon-decoders.
An ISDB-Tsb channel (1 or 3 segments) can be broadcasted alone or in a set of

BRhRclbersbrerahical dare s bash mHes 2 Pary Chihat BUARE received
SEEEERGed . (PR MURBSE Of SERMEALI ISP By SERRRsHOCA WP R T

depending on the frequency spectrum bandwidth available.

gx%rlrjlp é@' séiinte 81SDBAAG Eonnde Es%gments are broadcasted. The
bhezdreistealhecspremlipdSiilBlHTias twhiavidtbby anadalg ior this abvt ik skayars gnathe
decotinp3psegessnS SIS -Allspitstoiimhe caspa iz thierfk sepments ifroni fofitoas 418
teyerb I idrappytbabieint bdevéemodulated. This is the default.
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If the channel is in the partial reception mode (DTV_ISDBT_PARTIAL_RECEPTION
= 1) the central segment can be decoded independently of the other 12 segments. In
that mode layer A has to have a SEGMENT_COUNT of 1.

In ISDB-Tsb only layer A is used, it can be 1 or 3 in ISDB-Tsb according to
DTV_ISDBT_PARTIAL_RECEPTION. SEGMENT_COUNT must be filled accordingly.

Possible values: 0x1, 0x2, 0x4 (l-able)

DTV_ISDBT_LAYER ENABLED[0:0] - layer A
DTV_ISDBT_LAYER_ENABLED[1:1] - layer B
DTV_ISDBT_LAYER _ENABLED[2:2] - layer C

DTV_ISDBT_LAYER_ENABLED[31:3] unused

9.3.5.1.6.2. DTV_ISDBT LAYER% FEC

Possible values: FEC_AUTO, FEC_1 2,FEC_2 3,FEC_3 4,FEC_5 6,FEC_7 8

9.3.5.1.6.3. DTV_ISDBT LAYER* MODULATION
Possible values: oaM_AUTO, QPSK, QAM_16, QAM_64, DQPSK

Note: If layer C is DQPSK layer B has to be Dopsk. If layer B is DOPSK and
DTV_ISDBT_PARTIAL_RECEPTION=0 layer has to be DQPSK.

9.3.5.1.6.4. DTV_ISDBT _LAYER* SEGMENT_COUNT
Possible values: 0, 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, -1 (AUTO)

Note: Truth table for DTV_ISDBT_SOUND_BROADCASTING and
DTV_ISDBT PARTIAL_RECEPTION and LAYER* SEGMENT_COUNT

PR SB Layer A Layer B Layer C total width
width width width

0 0 1..13 1..13 1..13 13

1 0 1 1..13 1..13 13

0 1 1 0 0 1

1 1 1 2 0 13

9.3.5.1.6.5. DTV_ISDBT LAYER* TIME INTERLEAVING

Possible values: 0, 1, 2, 3, -1 (AUTO)
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Note: The real inter-leaver depth-names depend on the mode (fft-size); the values
here are referring to what can be found in the TMCC-structure - independent of the
mode.

9.3.5.2. DVB-T2 parameters

This section covers parameters that apply only to the DVB-T2 delivery method.
DVB-T?2 support is currently in the early stages development so expect this section
to grow and become more detailed with time.

9.3.5.2.1. pTV_DVBT2 PLP_ ID

DVB-T2 supports Physical Layer Pipes (PLP) to allow transmission of many data
types via a single multiplex. The API will soon support this at which point this
section will be expanded.
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The DVB demux device controls the filters of the DVB hardware/software. It can be
accessed through /dev/adapterO/demux0. Data types and and ioctl definitions can be
accessed by including linux/dvb/dmx.h in your application.

10.1. Demux Data Types

10.1.1. dmx_output_t

typedef enum

{
DMX_OUT_DECODER,
DMX_OUT_TAP,
DMX_OUT_TS_TAP

} dmx_output_t;

DMX_OUT_TAP delivers the stream output to the demux device on which the ioctl
1s called.

DMX_OUT_TS_TAP routes output to the logical DVR device
/dev/dvb/adapter0/dvr0, which delivers a TS multiplexed from all filters for which
DMX_OUT_TS_TAP was specified.

10.1.2. dmx_input_t

typedef enum

{
DMX_IN_FRONTEND,
DMX_IN_DVR

} dmx_input_t;

10.1.3. dmx_pes_type t

typedef enum

{
DMX_PES_AUDIO,
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#DMXiBBSDMXDEBECK_CRC 1
#BMEXi RESDUXLENEEEQT 2

#BM¥Xi RESpORBIUMUEBE T ATE START 4
}DMX_PES_PCR,

DMX_PES_OTHER
} dmx_pes_type_t;

10.1.8. struct dmx_pes_filter_params
10.1.4. dmx_event _t

struct dmx _pes—filter_params

éypedef enum

{uintl6_t pid;
OMX__$ORBMBLING_EV, 1nput;
BM¥X_BRONEEND_EV output;
}deimxpe¥eRypbi t pes_type;
uint32_t flags;

}i

10.1.5. dmx_scrambling_status _t

10:1.9. struct dmx_event

DMX_SCRAMBLING_OFF,

ShHRCECRRMBEYRBLON

f dmx_scrambling_status_t;
dmx_event_t event;
time_t timeStamp;

16n1% struct dmx_filter

dmx_scrambling_status_t scrambling;
typgdef struct dmx_filter
4

ﬁintS_t filter [DMX_FILTER_SIZE];

uint8_t mask [DMX_FILTER_SIZE];
} dmx_filter_t;

10.1.10. struct dmx_stc
10:1<7.°struet'dmx_sct_filter_params

unsigned int num; /% input : which STC? 0..N %/
stmatcgnduxinttbéséfer_pardmsoutput: divisor for stc to get 90 kHz clock
{uint64_t stc; /* output: stc in ’"base’x90 kHz units %/
}gint16_t pid;

dmx_filter_t filter;

uint32_t timeout;

uint32_t flags;
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10.2. Demux Function Calls

10.2.1. open()

DESCRIPTION

This system call, used with a device name of /dev/dvb/adapter0/demux0,
allocates a new filter and returns a handle which can be used for subsequent
control of that filter. This call has to be made for each filter to be used, i.e. every
returned file descriptor is a reference to a single filter. /dev/dvb/adapterO/dvr0 is a
logical device to be used for retrieving Transport Streams for digital video
recording. When reading from this device a transport stream containing the
packets from all PES filters set in the corresponding demux device
(/dev/dvb/adapter0/demux0) having the output set to DMX_OUT_TS_TAP. A
recorded Transport Stream is replayed by writing to this device.

The significance of blocking or non-blocking mode is described in the
documentation for functions where there is a difference. It does not affect the
semantics of the open() call itself. A device opened in blocking mode can later be
put into non-blocking mode (and vice versa) using the F_SETFL command of the
fentl system call.

SYNOPSIS

‘ int open(const char xdeviceName, int flags);

PARAMETERS
const char *deviceName Name of demux device.
int flags A bit-wise OR of the following flags:
O_RDWR read/write access
O_NONBLOCK open in non-blocking
mode
(blocking mode is the default)
ERRORS
ENODEV Device driver not loaded/available.
EINVAL Invalid argument.
EMFILE “Too many open files”, i.e. no more
filters available.
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ENOMEM The driver failed to allocate enough
memory.

10.2.2. close()

DESCRIPTION

This system call deactivates and deallocates a filter that was previously allocated
via the open() call.

SYNOPSIS
‘ int close(int fd);
PARAMETERS
int fd File descriptor returned by a previous
call to open().
ERRORS
‘ EBADF fd is not a valid open file descriptor.

10.2.3. read()

DESCRIPTION

This system call returns filtered data, which might be section or PES data. The
filtered data is transferred from the driver’s internal circular buffer to buf. The
maximum amount of data to be transferred is implied by count.

When returning section data the driver always tries to return a complete single
section (even though buf would provide buffer space for more data). If the size of
the buffer is smaller than the section as much as possible will be returned, and the
remaining data will be provided in subsequent calls.
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The size of the internal buffer is 2 * 4096 bytes (the size of two maximum sized
sections) by default. The size of this buffer may be changed by using the
DMX_SET_BUFFER_SIZE function. If the buffer is not large enough, or if the
read operations are not performed fast enough, this may result in a buffer overflow
error. In this case EOVERFLOW will be returned, and the circular buffer will be
emptied. This call is blocking if there is no data to return, i.e. the process will be
put to sleep waiting for data, unless the O_NONBLOCK flag is specified.

Note that in order to be able to read, the filtering process has to be started by
defining either a section or a PES filter by means of the ioctl functions, and then
starting the filtering process via the DMX_START ioctl function or by setting the
DMX_IMMEDIATE_START flag. If the reading is done from a logical DVR
demux device, the data will constitute a Transport Stream including the packets
from all PES filters in the corresponding demux device /dev/dvb/adapter0/demux0
having the output set to DMX_OUT_TS_TAP.

SYNOPSIS

size_t read(int fd, void «buf, size_t count);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
void *buf Pointer to the buffer to be used for
returned filtered data.
size_t count Size of buf.
ERRORS
EWOULDBLOCK No data to return and O_NONBLOCK
was specified.
EBADF fd is not a valid open file descriptor.
ECRC Last section had a CRC error - no data
returned. The buffer is flushed.
EOVERFLOW
The filtered data was not read from the
buffer in due time, resulting in non-read
data being lost. The buffer is flushed.
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ETIMEDOUT

The section was not loaded within the
stated timeout period. See ioctl
DMX_SET_FILTER for how to set a
timeout.

EFAULT

The driver failed to write to the callers
buffer due to an invalid *buf pointer.

10.2.4. write()
DESCRIPTION

count.

This system call is only provided by the logical device /dev/dvb/adapter0/dvr0,
associated with the physical demux device that provides the actual DVR
functionality. It is used for replay of a digitally recorded Transport Stream.
Matching filters have to be defined in the corresponding physical demux device,
/dev/dvb/adapter0/demux0. The amount of data to be transferred is implied by

SYNOPSIS

ssize_t write(int fd, const void xbuf, size_t count);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
void *buf Pointer to the buffer containing the
Transport Stream.
size_t count Size of buf.
ERRORS
EWOULDBLOCK No data was written. This might happen

if O_NONBLOCK was specified and
there is no more buffer space available
(if O_NONBLOCK is not specified the
function will block until buffer space is
available).
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EBUSY

This error code indicates that there are
conflicting requests. The corresponding
demux device is setup to receive data
from the front- end. Make sure that these
filters are stopped and that the filters
with input set to DMX_IN_DVR are
started.

EBADF

fd is not a valid open file descriptor.

10.2.5. DMX_START

DESCRIPTION

This ioctl call is used to start the actual filtering operation defined via the ioctl
calls DMX_SET_FILTER or DMX_SET_PES_FILTER.

SYNOPSIS

‘ int ioctl( int fd, int request = DMX_START);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals DMX_START for this

command.
ERRORS

EBADF fd is not a valid file descriptor.

EINVAL Invalid argument, i.e. no filtering
parameters provided via the
DMX_SET_FILTER or
DMX_SET_PES_FILTER functions.

EBUSY This error code indicates that there are

conflicting requests. There are active
filters filtering data from another input
source. Make sure that these filters are
stopped before starting this filter.
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10.2.6. DMX_STOP

DESCRIPTION

This ioctl call is used to stop the actual filtering operation defined via the ioctl
calls DMX_SET FILTER or DMX_SET_PES_FILTER and started via the
DMX_START command.

SYNOPSIS

| int joctl( int fd, int request = DMX_STOP);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals DMX_STOP for this command.
ERRORS
‘ EBADF fd is not a valid file descriptor.

10.2.7. DMX_SET_FILTER

DESCRIPTION

This ioctl call sets up a filter according to the filter and mask parameters provided.
A timeout may be defined stating number of seconds to wait for a section to be
loaded. A value of 0 means that no timeout should be applied. Finally there is a
flag field where it is possible to state whether a section should be CRC-checked,
whether the filter should be a “one-shot” filter, i.e. if the filtering operation should
be stopped after the first section is received, and whether the filtering operation
should be started immediately (without waiting for a DMX_START ioctl call). If a
filter was previously set-up, this filter will be canceled, and the receive buffer will
be flushed.

SYNOPSIS

int ioctl( int fd, int request = DMX_SET_FILTER, struct dmx_sct_filter_params
*params);




PARAMETERS
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int fd

File descriptor returned by a previous
call to open().

int request

Equals DMX_SET_FILTER for this
command.

struct dmx_sct_filter_params *params

Pointer to structure containing filter
parameters.

ERRORS
EBADF fd is not a valid file descriptor.
EINVAL Invalid argument.

10.2.8. DMX_SET_PES_FILTER

DESCRIPTION

This ioctl call sets up a PES filter according to the parameters provided. By a PES
filter is meant a filter that is based just on the packet identifier (PID), i.e. no PES
header or payload filtering capability is supported.

The transport stream destination for the filtered output may be set. Also the PES
type may be stated in order to be able to e.g. direct a video stream directly to the
video decoder. Finally there is a flag field where it is possible to state whether the
filtering operation should be started immediately (without waiting for a
DMX_START ioctl call). If a filter was previously set-up, this filter will be
cancelled, and the receive buffer will be flushed.

SYNOPSIS

dmx_pes_filter_params xparams);

int ioctl( int fd, int request = DMX_SET_PES_FILTER, struct

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals DMX_SET_PES_FILTER for
this command.
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struct dmx_pes_filter_params *params

Pointer to structure containing filter

parameters.
ERRORS
EBADF fd is not a valid file descriptor.
EINVAL Invalid argument.
EBUSY This error code indicates that there are

conflicting requests. There are active
filters filtering data from another input
source. Make sure that these filters are
stopped before starting this filter.

10.2.9. DMX_SET_BUFFER_SIZE

DESCRIPTION

This ioctl call is used to set the size of the circular buffer used for filtered data.
The default size is two maximum sized sections, i.e. if this function is not called a
buffer size of 2 * 4096 bytes will be used.

SYNOPSIS

‘ int ioctl( int fd, int request = DMX_SET_BUFFER_SIZE, unsigned long size);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals DMX_SET_BUFFER_SIZE for
this command.

unsigned long size

Size of circular buffer.

ERRORS
EBADF fd is not a valid file descriptor.
ENOMEM The driver was not able to allocate a
buffer of the requested size.
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10.2.10. DMX_GET_EVENT

DESCRIPTION

This ioctl call returns an event if available. If an event is not available, the
behavior depends on whether the device is in blocking or non-blocking mode. In
the latter case, the call fails immediately with errno set to EWOULDBLOCK. In
the former case, the call blocks until an event becomes available.

The standard Linux poll() and/or select() system calls can be used with the device
file descriptor to watch for new events. For select(), the file descriptor should be
included in the exceptfds argument, and for poll(), POLLPRI should be specified
as the wake-up condition. Only the latest event for each filter is saved.

SYNOPSIS

‘ int ioctl( int fd, int request = DMX_GET_EVENT, struct dmx_event xev);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals DMX_GET_EVENT for this
command.
struct dmx_event *ev Pointer to the location where the event
is to be stored.
ERRORS
EBADF fd is not a valid file descriptor.
EFAULT ev points to an invalid address.
EWOULDBLOCK There is no event pending, and the
device is in non-blocking mode.

10.2.11. DMX_GET_STC

DESCRIPTION
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This ioctl call returns the current value of the system time counter (which is driven
by a PES filter of type DMX_PES_PCR). Some hardware supports more than one
STC, so you must specify which one by setting the num field of stc before the ioctl
(range 0...n). The result is returned in form of a ratio with a 64 bit numerator and a
32 bit denominator, so the real 90kHz STC value is stc->stc / stc->base .

SYNOPSIS

‘ int ioctl( int fd, int request = DMX_GET_STC, struct dmx_stc xstc);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals DMX_GET_STC for this

command.

struct dmx_stc *stc Pointer to the location where the stc is

to be stored.

ERRORS
EBADF fd is not a valid file descriptor.
EFAULT stc points to an invalid address.
EINVAL Invalid stc number.
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The DVB video device controls the MPEG2 video decoder of the DVB hardware. It
can be accessed through /dev/dvb/adapterO/videoQ. Data types and and ioctl
definitions can be accessed by including linux/dvb/video.h in your application.

Note that the DVB video device only controls decoding of the MPEG video stream,
not its presentation on the TV or computer screen. On PCs this is typically handled
by an associated video4linux device, e.g. /dev/video, which allows scaling and
defining output windows.

Some DVB cards don’t have their own MPEG decoder, which results in the
omission of the audio and video device as well as the video4linux device.

The ioctls that deal with SPUs (sub picture units) and navigation packets are only
supported on some MPEG decoders made for DVD playback.

11.1. Video Data Types

11.1.1. video format _t

The video_format_t data type defined by

typedef enum {
VIDEO_FORMAT_4_3,
VIDEO_FORMAT_16_9
} video_format_t;

is used in the VIDEO_SET_FORMAT function (??) to tell the driver which aspect
ratio the output hardware (e.g. TV) has. It is also used in the data structures
video_status (??) returned by VIDEO_GET_STATUS (??) and video_event (??)
returned by VIDEO_GET_EVENT (??) which report about the display format of
the current video stream.

11.1.2. video_display_format _t

In case the display format of the video stream and of the display hardware differ the
application has to specify how to handle the cropping of the picture. This can be
done using the VIDEO_SET_DISPLAY_FORMAT call (??) which accepts
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typmdef enmmstfamp;
VADEQ_PAN_SCAN,

V@@E@eﬁ%gyﬂg%gngideo_format;
YIBEO_CENTER_CUT_OUT
14

1'video_display_format_t;

4

as argument.

11:1:8: Sl Welsmn L8iHe

Hhe Vides S source is set throueh the VIS SEF RS SRER &4 o
various states Qf the playback operation. ;

Can take the follows g Va ues, d%pend(ing on whether we are replaying from an

inst%r%l@% &dqpil%)éfgl of g{g%egne%l (user write) source.

cpRhgencyhgeePlanks
Vige6-_BoBEcRBERUL, PLlay_state;
Vigeo_sbyrem_MpMORE_t stream source;
}viddeofermeamt sundee_fprmat;

video_displayformat_t display_format;
V;DEO_SOURCE_DEMUX selects the demultiplexer (fed either by the frontend

or t,he DVR device) as the source of the video stream. If

MREQ_BRARRGENFAMORN be wsiesked Bt st enacsanes] fxoonthe appligation
Brgpabiths wopBeHsYOIBHEALk, the last picture will be displayed. play_state
indicates if the video is currently frozen, stopped, or being played back. The
stream_source corresponds to the seleted source for the video stream. It can come

c[t‘gr]f{q;r_l %d@é‘t csf.ralt*enemory. The video_format indicates the

aspect ratio (one of 4:3 or 16:9) of the currently played video stream. Finally,

disp o) dwiing vebiesspom be ws thmed dotdteOPPHQ hddE if TAJdihecaburce video
fopiicsciying: e sfatecodsvikle dqrtaybatkhe output device.

typedef enum {
VIDEO_STOPPED,

11AE7.Fstidet video_still_picture

VIDEO_FREEZED

Ah Mfidfife-displayed ¥ e’ VIDEO_STILLPICTURE call is passed on within the
following structure.

/* pointer to and size of a single iframe in memory %/

1s1, r-‘! c5 - Sir Ll ct: yll_qgcQu_t%Vﬁ nt

Thé Ffiowihg 'the structure of a video event as it is returned by the
VIDEO %6ETS EVENT call.
bi
struct video_event {
int32_t type;
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111}1’;&t\[<id@05capab"ities 4 Pattern pixel contrast */

/* 3—- 0 Background pixel contrast x/ .
A call (o, VIDEQ GET CAPABILITIES rejurns gnunsigned intoeey with the. ..

following bits et acgordjng fo the hardwares qappbilties, .,

/VIPEB_Be £PAPEIéns for/EapabiTifieBatiprn pixel color x/

/* can tHe& hardwa®e BaekdsoMpHGPizgd/62lMPE&L? x/

#defitBet VEBEOrZAP_MPEGYx 1 7- 4 Emphasis pixel-2 color %/
#define YIDEO_§APQMPEGShas®s pixel-1 color /

/BiRRB2YRUyPRRG @ system angdloz,program, stygam,Lgevifec device?

(you still_have to open the video and the audio device but only
* 21-12 start y *f .
send the stream to the video device) x/

#define (¥pEo_taplgyEnd v %/

#Hé??ﬁ%—?lﬁE@ECAP_PROG/* g23-22 button color number */

/*x can tHe dr2¥eilalsbah&ndls/ SPU, NAVI and CSS encoded data?
(CSS ARI is9nol paedertxyet) */

$dofins_KIDEQiGAB_SPU 16

#define VIDEO_CAP_NAVI 32

#define VIDEO_CAP_CSS 64

11.1.11. video SPU

ngiJg'gm¥bq&q _§M§J&gg£/ates or activates SPU decoding, according to the

Polla gMDDE®: SET_SYSTEM sets the desired video system for TV output. The

following system types can be set:
typedef

sypadefvernsn_spu |
b¥SPEQRS Y e BN AL,

,VIDEQ_SYSTEM NTSC,
int stréeam_idjy
VIDEO_SYSTEM PALN,

b V1488804 TEN patNG,
VIDEO_SYSTEM_PALM,
VIDEO_SYSTEM_NTSC6O,
VIDEO_SYSTEM PALGO,
1112425 videorSPU palette
} video_system_t;
The following structure is used to set the SPU palette by calling
VIDEO_SPU_PALETTE:

11:1410. struct video_highlight

struct video_s

1 u palette&} C . .
Calling the ioctl YI]SDEO_SET_HI HLIGHTS posts the SPU highlight information.

int._length; . . .
The call exggcts the following format for that information:
uint8_t #palette;

typédes _spu_palette t;
struct video_highlight {
boolean active; /* l=show highlight, 0O=hide highlight =/
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11.1.13. video NAVI pack

In order to get the navigational data the following structure has to be passed to the
ioctl VIDEO_GET_NAVI:

typedef
struct video_navi_pack{
int length; /% 0 ... 1024 %/
uint8_t data[1024];
} video_navi_pack_t;

11.1.14. video attributes

The following attributes can be set by a call to VIDEO_SET_ATTRIBUTES:

typedef uintl6_t video_attributes_t;

/* bits: descr. x/

/% 15-14 Video compression mode (0=MPEG-1, 1=MPEG-2) %/
/* 13-12 TV system (0=525/60, 1=625/50) =%/

/% 11-10 Aspect ratio (0=4:3, 3=16:9) %/

/* 9- 8 permitted display mode on 4:3 monitor (0O=both, Il=only pan-sca
/* 7 line 21-1 data present in GOP (l=yes, 0=no) */

/% 6 line 21-2 data present in GOP (l=yes, 0=no) %/

/* 5- 3 source resolution (0=720x480/576, 1=704x480/576, 2=352x480/57
/% 2 source letterboxed (l=yes, 0=no) */

/% 0 film/camera mode (O=camera, 1=film (625/50 only))

11.2. Video Function Calls
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11.2.1. open()
DESCRIPTION

This system call opens a named video device (e.g. /dev/dvb/adapter0O/video0) for
subsequent use.

When an open() call has succeeded, the device will be ready for use. The
significance of blocking or non-blocking mode is described in the documentation
for functions where there is a difference. It does not affect the semantics of the
open() call itself. A device opened in blocking mode can later be put into
non-blocking mode (and vice versa) using the F_SETFL command of the fcntl
system call. This is a standard system call, documented in the Linux manual page
for fentl. Only one user can open the Video Device in O_RDWR mode. All other
attempts to open the device in this mode will fail, and an error-code will be
returned. If the Video Device is opened in O_RDONLY mode, the only ioctl call
that can be used is VIDEO_GET_STATUS. All other call will return an error
code.
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SYNOPSIS

‘ int open(const char xdeviceName, int flags);

PARAMETERS
const char *deviceName Name of specific video device.
int flags A bit-wise OR of the following flags:
O_RDONLY read-only access
O_RDWR read/write access
O_NONBLOCK open in non-blocking
mode
(blocking mode is the default)
ERRORS
ENODEV Device driver not loaded/available.
EINTERNAL Internal error.
EBUSY Device or resource busy.
EINVAL Invalid argument.

11.2.2. close()

DESCRIPTION

‘ This system call closes a previously opened video device.

SYNOPSIS
‘ int close(int fd);
PARAMETERS
int fd File descriptor returned by a previous
call to open().
ERRORS
EBADF fd is not a valid open file descriptor.
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11.2.3. write()
DESCRIPTION

This system call can only be used if VIDEO_SOURCE_MEMORY is selected in
the ioctl call VIDEO_SELECT_SOURCE. The data provided shall be in PES
format, unless the capability allows other formats. If O_NONBLOCK is not
specified the function will block until buffer space is available. The amount of data
to be transferred is implied by count.

SYNOPSIS

size_t write(int fd, const void xbuf, size_t count);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
void *buf Pointer to the buffer containing the PES
data.
size_t count Size of buf.
ERRORS
EPERM Mode VIDEO_SOURCE_MEMORY
not selected.
ENOMEM Attempted to write more data than the
internal buffer can hold.
EBADF fd is not a valid open file descriptor.

11.2.4. VIDEO_STOP

DESCRIPTION

This ioctl call asks the Video Device to stop playing the current stream.
Depending on the input parameter, the screen can be blanked out or displaying the
last decoded frame.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_STOP, boolean mode);
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PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_STOP for this
command.
Boolean mode Indicates how the screen shall be
handled.
TRUE: Blank screen when stop.
FALSE: Show last decoded frame.
ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error, possibly in the

communication with the DVB

subsystem.

11.2.5. VIDEO_PLAY

DESCRIPTION

This ioctl call asks the Video Device to start playing a video stream from the
selected source.

SYNOPSIS

| int ioctl(fd, int request = VIDEO_PLAY):;

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_PLAY for this
command.
ERRORS
EBADF fd is not a valid open file descriptor
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EINTERNAL Internal error, possibly in the
communication with the DVB
subsystem.

11.2.6. VIDEO_FREEZE

DESCRIPTION

This ioctl call suspends the live video stream being played. Decoding and playing
are frozen. It is then possible to restart the decoding and playing process of the
video stream using the VIDEO_CONTINUE command. If
VIDEO_SOURCE_MEMORY is selected in the ioctl call
VIDEO_SELECT_SOURCE, the DVB subsystem will not decode any more data
until the ioctl call VIDEO_CONTINUE or VIDEO_PLAY is performed.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_FREEZE);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_FREEZE for this
command.
ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error, possibly in the
communication with the DVB
subsystem.

11.2.7. VIDEO_CONTINUE

DESCRIPTION
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This ioctl call restarts decoding and playing processes of the video stream which
was played before a call to VIDEO_FREEZE was made.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_CONTINUE);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_CONTINUE for this
command.

ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error, possibly in the

communication with the DVB
subsystem.

11.2.8. VIDEO_SELECT_SOURCE

DESCRIPTION

This ioctl call informs the video device which source shall be used for the input
data. The possible sources are demux or memory. If memory is selected, the data is
fed to the video device through the write command.

SYNOPSIS

source);

int ioctl(fd, int request = VIDEO_SELECT_SOURCE, video_stream_source_t

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SELECT_SOURCE
for this command.
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video_stream_source_t source

Indicates which source shall be used for
the Video stream.

ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error, possibly in the

communication with the DVB
subsystem.

11.2.9. VIDEO_SET_BLANK

DESCRIPTION

‘ This ioctl call asks the Video Device to blank out the picture.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_SET_BLANK, boolean mode);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_BLANK for this
command.

boolean mode

TRUE: Blank screen when stop.

FALSE: Show last decoded frame.

ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error, possibly in the
communication with the DVB
subsystem.
EINVAL Illegal input parameter
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11.2.10. VIDEO_GET_STATUS

DESCRIPTION

‘ This ioctl call asks the Video Device to return the current status of the device.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_GET_STATUS, struct video_status *status);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_GET_STATUS for this
command.
struct video_status *status Returns the current status of the Video
Device.
ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error, possibly in the
communication with the DVB
subsystem.
EFAULT status points to invalid address

11.2.11. VIDEO_GET_EVENT

DESCRIPTION

This ioctl call returns an event of type video_event if available. If an event is not
available, the behavior depends on whether the device is in blocking or
non-blocking mode. In the latter case, the call fails immediately with errno set to
EWOULDBLOCK. In the former case, the call blocks until an event becomes
available. The standard Linux poll() and/or select() system calls can be used with
the device file descriptor to watch for new events. For select(), the file descriptor
should be included in the exceptfds argument, and for poll(), POLLPRI should be
specified as the wake-up condition. Read-only permissions are sufficient for this
ioctl call.

483




Chapter 11. DVB Video Device

484

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_GET_EVENT, struct video_event xev);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_GET_EVENT for this
command.
struct video_event *ev Points to the location where the event, if
any, is to be stored.
ERRORS
EBADF fd is not a valid open file descriptor
EFAULT ev points to invalid address
EWOULDBLOCK There is no event pending, and the
device is in non-blocking mode.
EOVERFLOW
Overflow in event queue - one or more
events were lost.

11.2.12. VIDEO_SET DISPLAY FORMAT

DESCRIPTION

This ioctl call asks the Video Device to select the video format to be applied by
the MPEG chip on the video.

SYNOPSIS

int ioctl(fd, int request = VIDEO_SET_DISPLAY_FORMAT,
video_display_format_t format);

PARAMETERS

int fd File descriptor returned by a previous
call to open().
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int request

Equals
VIDEO_SET DISPLAY_ FORMAT for
this command.

video_display_format_t format

Selects the video format to be used.

ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error.
EINVAL Illegal parameter format.

11.2.13. VIDEO_STILLPICTURE

DESCRIPTION

still picture is blanked.

This ioctl call asks the Video Device to display a still picture (I-frame). The input
data shall contain an I-frame. If the pointer is NULL, then the current displayed

SYNOPSIS

*Sp);

int ioctl(fd, int request = VIDEO_STILLPICTURE, struct video_still_picture

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_STILLPICTURE for
this command.

struct video_still_picture *sp

Pointer to a location where an I-frame
and size is stored.

ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error.
EFAULT sp points to an invalid iframe.
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11.2.14. VIDEO_FAST_FORWARD

DESCRIPTION

This ioctl call asks the Video Device to skip decoding of N number of I-frames.
This call can only be used if VIDEO_SOURCE_MEMORY is selected.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_FAST_FORWARD, int nFrames);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_FAST_FORWARD for
this command.
int nFrames The number of frames to skip.
ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error.
EPERM Mode VIDEO_SOURCE_MEMORY
not selected.
EINVAL [llegal parameter format.

11.2.15. VIDEO_SLOWMOTION

DESCRIPTION

This ioctl call asks the video device to repeat decoding frames N number of times.
This call can only be used if VIDEO_SOURCE_MEMORY is selected.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_SLOWMOTION, int nFrames);

PARAMETERS
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int fd File descriptor returned by a previous
call to open().

int request Equals VIDEO_SLOWMOTION for
this command.

int nFrames The number of times to repeat each
frame.

ERRORS

EBADF fd is not a valid open file descriptor

EINTERNAL Internal error.

EPERM Mode VIDEO_SOURCE_MEMORY
not selected.

EINVAL Illegal parameter format.

11.2.16. VIDEO_GET_CAPABILITIES

DESCRIPTION

This ioctl call asks the video device about its decoding capabilities. On success it
returns and integer which has bits set according to the defines in section ??.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_GET_CAPABILITIES, unsigned int xcap);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_GET_CAPABILITIES
for this command.
unsigned int *cap Pointer to a location where to store the
capability information.
ERRORS
EBADF fd is not a valid open file descriptor
EFAULT cap points to an invalid iframe.
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11.2.17. VIDEO_SET _ID

DESCRIPTION

is sent to the video device.

This ioctl selects which sub-stream is to be decoded if a program or system stream

SYNOPSIS

‘ int ioctl(int fd, int request = VIDEO_SET_ID, int id);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_ID for this
command.

int id video sub-stream id
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EINVAL Invalid sub-stream id.

11.2.18. VIDEO_CLEAR_BUFFER

DESCRIPTION

‘ This ioctl call clears all video buffers in the driver and in the decoder hardware.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_CLEAR_BUFFER);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_CLEAR_BUFFER for
this command.
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Chapter 11. DVB Video Device

| EBADF

‘ fd is not a valid open file descriptor

11.2.19. VIDEO_SET_STREAMTYPE

DESCRIPTION

This ioctl tells the driver which kind of stream to expect being written to it. If this
call is not used the default of video PES is used. Some drivers might not support
this call and always expect PES.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_SET_STREAMTYPE, int type);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_STREAMTYPE
for this command.

int type stream type

ERRORS
EBADF fd is not a valid open file descriptor
EINVAL type is not a valid or supported stream

type.

11.2.20. VIDEO_SET_FORMAT

DESCRIPTION

This ioctl sets the screen format (aspect ratio) of the connected output device (TV)
so that the output of the decoder can be adjusted accordingly.

SYNOPSIS
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’ int ioctl(fd, int request = VIDEO_SET_FORMAT, video_format_t format);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_FORMAT for this
command.

video_format_t format

video format of TV as defined in

section ??.
ERRORS
EBADF fd is not a valid open file descriptor
EINVAL format is not a valid video format.

11.2.21. VIDEO_SET SYSTEM

DESCRIPTION

This ioctl sets the television output format. The format (see section ??) may vary
from the color format of the displayed MPEG stream. If the hardware is not able to
display the requested format the call will return an error.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_SET_SYSTEM , video_system_t system);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_FORMAT for this
command.

video_system_t system

video system of TV output.

ERRORS

EBADF

fd is not a valid open file descriptor
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EINVAL

system is not a valid or supported video
system.

11.2.22. VIDEO_SET_HIGHLIGHT

DESCRIPTION

‘ This ioctl sets the SPU highlight information for the menu access of a DVD.

SYNOPSIS

int ioctl(fd, int request = VIDEO_SET_HIGHLIGHT ,video_highlight_t xvhilite)

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_HIGHLIGHT for
this command.

video_highlight_t *vhilite

SPU Highlight information according
to section ??.

ERRORS
EBADF fd is not a valid open file descriptor.
EINVAL input is not a valid highlight setting.

11.2.23. VIDEO_SET_SPU

DESCRIPTION

This ioctl activates or deactivates SPU decoding in a DVD input stream. It can
only be used, if the driver is able to handle a DVD stream.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_SET_SPU , video_spu_t xspu)
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PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_SPU for this
command.

video_spu_t *spu

SPU decoding (de)activation and subid
setting according to section ??.

ERRORS
EBADF fd is not a valid open file descriptor
EINVAL input is not a valid spu setting or driver
cannot handle SPU.

11.2.24. VIDEO_SET SPU_PALETTE

DESCRIPTION

‘ This ioctl sets the SPU color palette.

SYNOPSIS

*palette )

int ioctl(fd, int request = VIDEO_SET_SPU_PALETTE ,video_spu_palette_t

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_SPU_PALETTE
for this command.

video_spu_palette_t *palette

SPU palette according to section ?7?.

ERRORS
EBADF fd is not a valid open file descriptor
EINVAL input is not a valid palette or driver
doesn’t handle SPU.
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11.2.25. VIDEO_GET_NAVI

DESCRIPTION

This ioctl returns navigational information from the DVD stream. This is
especially needed if an encoded stream has to be decoded by the hardware.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_GET_NAVI, video_navi_pack_t xnavipack) ‘

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals VIDEO_GET_NAVI for this
command.
video_navi_pack_t *navipack PCI or DSI pack (private stream 2)
according to section ??.
ERRORS
EBADF fd is not a valid open file descriptor
EFAULT driver is not able to return navigational
information

11.2.26. VIDEO_SET_ATTRIBUTES

DESCRIPTION

This ioctl is intended for DVD playback and allows you to set certain information
about the stream. Some hardware may not need this information, but the call also
tells the hardware to prepare for DVD playback.

SYNOPSIS

‘ int ioctl(fd, int request = VIDEO_SET_ATTRIBUTE ,video_attributes_t vattr)

PARAMETERS
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int fd

File descriptor returned by a previous
call to open().

int request

Equals VIDEO_SET_ATTRIBUTE for
this command.

video_attributes_t vattr

video attributes according to section ??.

ERRORS
EBADF fd is not a valid open file descriptor
EINVAL input is not a valid attribute setting.
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The DVB audio device controls the MPEG2 audio decoder of the DVB hardware. It
can be accessed through /dev/dvb/adapterO/audio0. Data types and and ioctl
definitions can be accessed by including linux/dvb/video.h in your application.

Please note that some DVB cards don’t have their own MPEG decoder, which
results in the omission of the audio and video device.

12.1. Audio Data Types

This section describes the structures, data types and defines used when talking to
the audio device.

12.1.1. audio_stream_source t

The audio stream source is set through the AUDIO_SELECT_SOURCE call and
can take the following values, depending on whether we are replaying from an
internal (demux) or external (user write) source.

typedef enum {
AUDIO_SOURCE_DEMUX,
AUDIO_SOURCE_MEMORY

} audio_stream source_t;

AUDIO_SOURCE_DEMUX selects the demultiplexer (fed either by the frontend
or the DVR device) as the source of the video stream. If
AUDIO_SOURCE_MEMORY is selected the stream comes from the application
through the write() system call.

12.1.2. audio_play_state t

The following values can be returned by the AUDIO_GET_STATUS call
representing the state of audio playback.

typedef enum {

AUDIO_STOPPED,
AUDIO_PLAYING,
AUDIO_PAUSED

495



Chapter 12. DVB Audio Device
12:1:6.-audio-encodings

A call to AUDIO_GET_CAPABILITIES returns an unsigned integer with the
following bits set according to the hardwares capabilities.

12.1.3. audio.channel_select _t

deflne AUDIO_CAP_LPCM
8 ggdlo CIAZHBl% s%]ggtegPVfa AUQIO CHANNEL_SELECT is determined by the

ine

following %IIIJ%Q'IO CAP_MP2 8
#define AUDIO_CAP _MP3 16

b¥ReYSE £0BTolcar anc 32
+BHPIReSABBES, cap_oGce 64
#88R1RcMANOIOEEAP SDDS 128
4+88610eMANDIRIGHF, AC3 256

} audio_channel_select_t;

12.1.7. struct audio_karaoke
"112 13&4A[§jﬂ§;mmm following format:

T@g&@Q}O_GET_STATUS call returns the following structure informing about
various-states of she playbagk operation.

int vocall;
tyRpedebcgtpuct audio_status
beelmehody;sync_state;
}bavdéankmusekstate;
audio_play_state_t play_state;
If Vocall or Vocal? are non- 15710y, they getm mixed 1nt0 left and right t at 70% each. If
_stream_sourc
both élocall and V(l)calZ are non-zero, Voclall gfts I;Enxed into the left channel and
VogalZ into tlbe r1%ht changel at 100% each. Ff Melody is non-zero, the melody

oolean
channel gets mlxed 1ntq left and right.

12.1.8. audio attributes

:llhe 'followmgta'ttlrjﬂg esacléln |O elrto AUDIO_SET_ATTRIBUTES:
The f0g0\glrhglstrlic6ture 1asuuds Q(tt?% l,/%[glt)elg) SET_MIXER call to set the audio
urne

bits: descr. %/

/* 15-13 audio coding mode (0=ac3, 2=mpegl, 3=mpegZext, 4=LPCM, 6=DTS,
;¥pedf§ strucftlggégﬁg XSXtéDSlOn */

sensigpedy intyy Slyyﬁel?ézﬁot spec, l=language included) x/

/unsigpedg igkqvelapsirdgbton mode (O0=not spec, l=karaoke, 2=surround) =/
fxaudip—méxeuwanitization / DRC (mpeg audio: 1=DRC exists) (lpcm: 0=16bit,
/* 5- 4 Sample frequency fs (0=48kHz, 1=96kHz) %/

/* 2— 0 number of audio channels (n+l channels) %/
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12.2. Audio Function Calls

12.2.1. open()

DESCRIPTION

code.

This system call opens a named audio device (e.g. /dev/dvb/adapter0/audioQ) for
subsequent use. When an open() call has succeeded, the device will be ready for
use. The significance of blocking or non-blocking mode is described in the
documentation for functions where there is a difference. It does not affect the
semantics of the open() call itself. A device opened in blocking mode can later be
put into non-blocking mode (and vice versa) using the F_SETFL command of the
fentl system call. This is a standard system call, documented in the Linux manual
page for fcntl. Only one user can open the Audio Device in O_RDWR mode. All
other attempts to open the device in this mode will fail, and an error code will be
returned. If the Audio Device is opened in O_RDONLY mode, the only ioctl call
that can be used is AUDIO_GET_STATUS. All other call will return with an error

SYNOPSIS

‘ int open(const char xdeviceName, int flags);

PARAMETERS
const char *deviceName Name of specific audio device.
int flags A bit-wise OR of the following flags:
O_RDONLY read-only access
O_RDWR read/write access
O_NONBLOCK open in non-blocking
mode
(blocking mode is the default)
ERRORS
ENODEV Device driver not loaded/available.
EINTERNAL Internal error.
EBUSY Device or resource busy.
EINVAL Invalid argument.
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12.2.2. close()

DESCRIPTION

‘ This system call closes a previously opened audio device.

SYNOPSIS

‘ int close(int fd);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

ERRORS

| EBADF

fd is not a valid open file descriptor.

12.2.3. write()

DESCRIPTION

This system call can only be used if AUDIO_SOURCE_MEMORY is selected in
the ioctl call AUDIO_SELECT_SOURCE. The data provided shall be in PES
format. If O_NONBLOCK is not specified the function will block until buffer
space is available. The amount of data to be transferred is implied by count.

SYNOPSIS

size_t write(int fd, const void xbuf, size_t count);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
void *buf Pointer to the buffer containing the PES

data.

size t count

Size of buf.

ERRORS




Chapter 12. DVB Audio Device

EPERM Mode AUDIO_SOURCE_MEMORY
not selected.

ENOMEM Attempted to write more data than the
internal buffer can hold.

EBADF fd is not a valid open file descriptor.

12.2.4. AUDIO_STOP

DESCRIPTION

‘ This ioctl call asks the Audio Device to stop playing the current stream.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_STOP);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals AUDIO_STOP for this

command.
ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error.

12.2.5. AUDIO_PLAY

DESCRIPTION

selected source.

This ioctl call asks the Audio Device to start playing an audio stream from the

SYNOPSIS

| int joctl(int fd, int request = AUDIO_PLAY);
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PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_PLAY for this
command.
ERRORS
EBADF fd is not a valid open file descriptor
EINTERNAL Internal error.

12.2.6. AUDIO_PAUSE

DESCRIPTION

This ioctl call suspends the audio stream being played. Decoding and playing are
paused. It is then possible to restart again decoding and playing process of the
audio stream using AUDIO_CONTINUE command.

If AUDIO_SOURCE_MEMORY is selected in the ioctl call
AUDIO_SELECT_SOURCE, the DVB-subsystem will not decode (consume) any
more data until the ioctl call AUDIO_CONTINUE or AUDIO_PLAY is
performed.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_PAUSE);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_PAUSE for this
command.
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
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12.2.7. AUDIO_SELECT_SOURCE

through the write command.

This ioctl call informs the audio device which source shall be used for the input

data. The possible sources are demux or memory. If
AUDIO_SOURCE_MEMORY is selected, the data is fed to the Audio Device

SYNOPSIS

source);

int ioctl(int fd, int request = AUDIO_SELECT_SOURCE, audio_stream_source_t

PARAMETERS

int fd

File descriptor returned by a previous

call to open().

int request

Equals AUDIO_SELECT_SOURCE
for this command.

audio_stream_source_t source

Indicates the source that shall be used

for the Audio stream.

ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EINVAL Illegal input parameter.

12.2.8. AUDIO_SET_MUTE

DESCRIPTION

played.

This ioctl call asks the audio device to mute the stream that is currently being

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_SET_MUTE, boolean state);

PARAMETERS
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int fd

File descriptor returned by a previous
call to open().

int request

Equals AUDIO_SET_MUTE for this
command.

boolean state

Indicates if audio device shall mute or

not.

TRUE Audio Mute

FALSE Audio Un-mute

ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EINVAL Illegal input parameter.

12.2.9. AUDIO_SET_AV_SYNC

DESCRIPTION

‘ This ioctl call asks the Audio Device to turn ON or OFF A/V synchronization.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_SET_AV_SYNC, boolean state);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals AUDIO_AV_SYNC for this
command.

boolean state

Tells the DVB subsystem if A/V
synchronization shall be ON or OFF.

TRUE AV-sync ON
FALSE AV-sync OFF
ERRORS
EBADF fd is not a valid open file descriptor.
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EINTERNAL Internal error.
EINVAL Illegal input parameter.

12.2.10. AUDIO_SET _BYPASS_MODE

DESCRIPTION

This ioctl call asks the Audio Device to bypass the Audio decoder and forward the
stream without decoding. This mode shall be used if streams that can’t be handled

by the DVB system shall be decoded. Dolby DigitalTM streams are automatically

forwarded by the DVB subsystem if the hardware can handle it.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_SET_BYPASS_MODE, boolean mode);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_SET_BYPASS_MODE
for this command.
boolean mode Enables or disables the decoding of the
current Audio stream in the DVB
subsystem.
TRUE Bypass is disabled
FALSE Bypass is enabled
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EINVAL [llegal input parameter.

12.2.11. AUDIO_CHANNEL_SELECT

DESCRIPTION
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This ioctl call asks the Audio Device to select the requested channel if possible.

SYNOPSIS

int ioctl(int fd, int request = AUDIO_CHANNEL_SELECT,
audio_channel_select_t);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_CHANNEL_SELECT
for this command.
audio_channel_select_t ch Select the output format of the audio
(mono left/right, stereo).
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EINVAL [llegal input parameter ch.

12.2.12. AUDIO_GET_STATUS

DESCRIPTION

This ioctl call asks the Audio Device to return the current state of the Audio
Device.

SYNOPSIS

int ioctl(int fd, int request = AUDIO_GET_STATUS, struct audio_status xstatus);

PARAMETERS

int fd File descriptor returned by a previous
call to open().
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int request Equals AUDIO_GET_STATUS for this
command.

struct audio_status *status Returns the current state of Audio
Device.

ERRORS

EBADF fd is not a valid open file descriptor.

EINTERNAL Internal error.

EFAULT status points to invalid address.

12.2.13. AUDIO_GET_CAPABILITIES

DESCRIPTION

This ioctl call asks the Audio Device to tell us about the decoding capabilities of
the audio hardware.

SYNOPSIS

| int joctl(int fd, int request = AUDIO_GET_CAPABILITIES, unsigned int xcap); |

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_GET_CAPABILITIES
for this command.
unsigned int *cap Returns a bit array of supported sound
formats.
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EFAULT cap points to an invalid address.
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12.2.14. AUDIO_CLEAR_BUFFER

DESCRIPTION

This ioctl call asks the Audio Device to clear all software and hardware buffers of
the audio decoder device.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_CLEAR_BUFFER);

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_CLEAR_BUFFER for
this command.
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.

12.2.15. AUDIO_SET ID

DESCRIPTION

This ioctl selects which sub-stream is to be decoded if a program or system stream
is sent to the video device. If no audio stream type is set the id has to be in
[0xCO0,0xDF] for MPEG sound, in [0x80,0x87] for AC3 and in [0xA0,0xA7] for
LPCM. More specifications may follow for other stream types. If the stream type
is set the id just specifies the substream id of the audio stream and only the first 5
bits are recognized.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_SET_ID, int id);

PARAMETERS
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int fd

File descriptor returned by a previous
call to open().

int request

Equals AUDIO_SET_ID for this
command.

int id audio sub-stream id
ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EINVAL Invalid sub-stream id.

12.2.16. AUDIO_SET_MIXER

DESCRIPTION

‘ This ioctl lets you adjust the mixer settings of the audio decoder.

SYNOPSIS

‘ int ioctl(int fd, int request = AUDIO_SET_MIXER, audio_mixer_t xmix);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals AUDIO_SET_ID for this
command.

audio_mixer_t *mix

mixer settings.

ERRORS
EBADF fd is not a valid open file descriptor.
EINTERNAL Internal error.
EFAULT mix points to an invalid address.
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12.2.17. AUDIO_SET_STREAMTYPE

DESCRIPTION

This ioctl tells the driver which kind of audio stream to expect. This is useful if
the stream offers several audio sub-streams like LPCM and AC3.

SYNOPSIS

‘ int ioctl(fd, int request = AUDIO_SET_STREAMTYPE, int type);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().

int request

Equals AUDIO_SET_STREAMTYPE
for this command.

int type stream type
ERRORS
EBADF fd is not a valid open file descriptor
EINVAL type is not a valid or supported stream
type.

12.2.18. AUDIO_SET EXT ID

DESCRIPTION

This ioctl can be used to set the extension id for MPEG streams in DVD playback.
Only the first 3 bits are recognized.

SYNOPSIS

| int ioctl(fd, int request = AUDIO_SET_EXT_ID, int id);

PARAMETERS

int fd

File descriptor returned by a previous
call to open().
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int request Equals AUDIO_SET_EXT_ID for this
command.
int id audio sub_stream_id
ERRORS
EBADF fd is not a valid open file descriptor
EINVAL id is not a valid id.

12.2.19. AUDIO_SET ATTRIBUTES

DESCRIPTION

This ioctl is intended for DVD playback and allows you to set certain information
about the audio stream.

SYNOPSIS

‘ int ioctl(fd, int request = AUDIO_SET_ATTRIBUTES, audio_attributes_t attr ); ‘

PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_SET_ATTRIBUTES
for this command.
audio_attributes_t attr audio attributes according to section ??
ERRORS
EBADF fd is not a valid open file descriptor
EINVAL attr is not a valid or supported attribute
setting.

12.2.20. AUDIO_SET_KARAOKE

DESCRIPTION
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This ioctl allows one to set the mixer settings for a karaoke DVD.

SYNOPSIS

int ioctl(fd, int request = AUDIO_SET_STREAMTYPE, audio_karaoke_t

*karaoke);
PARAMETERS
int fd File descriptor returned by a previous
call to open().
int request Equals AUDIO_SET_STREAMTYPE
for this command.
audio_karaoke_t *karaoke karaoke settings according to section
772.
ERRORS
EBADF fd is not a valid open file descriptor
EINVAL karaoke is not a valid or supported
karaoke setting.
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The DVB CA device controls the conditional access hardware. It can be accessed
through /dev/dvb/adapter0/ca0. Data types and and ioctl definitions can be accessed
by including linux/dvb/ca.h in your application.

13.1. CA Data Types

13.1.1. ca_slot_info t

/* slot interface types and info %/

typedef struct ca_slot_info_s {

int num; /* slot number %/

int type; /* CA interface this slot supports %/

#define CA_CI 1 /% CI high level interface %/

#define CA_CI_LINK 2 /x CI link layer level interface %/
#define CA_CI_PHYS 4 /% CI physical layer level interface %/
#define CA_SC 128 /% simple smart card interface x/

unsigned int flags;

#define CA_CI_MODULE_PRESENT 1 /% module (or card) inserted %/
#define CA_CI_MODULE_READY 2

} ca_slot_info_t;

13.1.2. ca_descr _info _t

typedef struct ca_descr_info_s {

unsigned int num; /* number of available descramblers (keys) %/
unsigned int type; /* type of supported scrambling system %/
#define CA_ECD 1

#define CA_NDS 2

#define CA_DSS 4

} ca_descr_info_t;
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13.1.3. ca_cap_t

typedef struct ca_cap_s {

unsigned int slot_num; /* total number of CA card and module slots %/

unsigned int slot_type; /x OR of all supported types %/
unsigned int descr_num; /x total number of descrambler slots
unsigned int descr_type;/x OR of all supported types x/

} ca_cap_t;

13.1.4. ca_msg_t

/* a message to/from a CI-CAM %/
typedef struct ca_msg_s {
unsigned int index;

unsigned int type;

unsigned int length;

unsigned char msg[256];

} ca_msg_t;

13.1.5. ca_descr _t

typedef struct ca_descr_s {
unsigned int index;
unsigned int parity;
unsigned char cw[8];

} ca_descr_t;

13.2. CA Function Calls
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13.2.1. open()

DESCRIPTION

This system call opens a named ca device (e.g. /dev/ost/ca) for subsequent use.
When an open() call has succeeded, the device will be ready for use. The
significance of blocking or non-blocking mode is described in the documentation
for functions where there is a difference. It does not affect the semantics of the
open() call itself. A device opened in blocking mode can later be put into
non-blocking mode (and vice versa) using the F_SETFL command of the fentl
system call. This is a standard system call, documented in the Linux manual page
for fentl. Only one user can open the CA Device in O_RDWR mode. All other
attempts to open the device in this mode will fail, and an error code will be
returned.

(keys)

*/



Chapter 13. DVB CA Device
SYNOPSIS

‘ int open(const char xdeviceName, int flags);

PARAMETERS
const char *deviceName Name of specific video device.
int flags A bit-wise OR of the following flags:
O_RDONLY read-only access
O_RDWR read/write access
O_NONBLOCK open in non-blocking
mode
(blocking mode is the default)
ERRORS
ENODEV Device driver not loaded/available.
EINTERNAL Internal error.
EBUSY Device or resource busy.
EINVAL Invalid argument.

13.2.2. close()

DESCRIPTION

‘ This system call closes a previously opened audio device.

SYNOPSIS
‘ int close(int fd);
PARAMETERS
int fd File descriptor returned by a previous
call to open().
ERRORS
EBADF fd is not a valid open file descriptor.
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The DVB net device enables feeding of MPE (multi protocol encapsulation) packets
received via DVB into the Linux network protocol stack, e.g. for internet via
satellite applications. It can be accessed through /dev/dvb/adapterO/net0. Data types
and and ioctl definitions can be accessed by including linux/dvb/net.h in your
application.

14.1. DVB Net Data Types

To be written. ..
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The kernel demux API defines a driver-internal interface for registering low-level,
hardware specific driver to a hardware independent demux layer. It is only of
interest for DVB device driver writers. The header file for this API is named
demux.h and located in drivers/media/dvb/dvb-core.

Maintainer note: This section must be reviewed. It is probably out of date.

15.1. Kernel Demux Data Types

15.1.1. dmx_success t

typedef enum {
DMX_OK = 0, /% Received Ok %/
DMX_LENGTH_ERROR, /*x Incorrect length x/
DMX_OVERRUN_ERROR, /* Receiver ring buffer overrun x/
DMX_CRC_ERROR, /% Incorrect CRC %/
DMX_FRAME_ERROR, /* Frame alignment error */
DMX_FIFO_ERROR, /x Receiver FIFO overrun x/
DMX_MISSED_ERROR /% Receiver missed packet x/

} dmx_success_t;

15.1.2. TS filter types

/* TS filter type for set_type() %/

#define TS_PACKET 1 /* send TS packets (188 bytes) to callback (c

#define TS_PAYLOAD_ONLY 2 /* in case TS_PACKET is set, only send the T¢
payload (<=184 bytes per packet) to callback %/

#define TS_DECODER 4 /* send stream to built-in decoder (if preser
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1591@3_‘9d.ﬂ‘,]X/*t83ipes tt private data of the API client %/

int (xset) (struct dmx_pes_feed_sx feed,
The structurg16 pid,
size_t circular_buffer_size,

typedef eniliscramble,

{ struct timespec timeout);
DHE_TRsFEPeAPPIParindr 34EPuEENEMRAGKE Sebg aWdioedpeoder (if it exists)
@M§—¥§s€§§:Y%P@Qring/*(struﬁé dmx_pes_feed_s* feed);
@M%—?§a§§§e§@é§g§¥ger) (struct dmx_pes_feed_s*x feed,
DMXghz _PES_$YBLEATLE« filter);

@M%—?ﬁ;@@éa@@ﬁfilter) (struct dmx_pes_~feed_s*x feed,
DM¥m%kSpBES£QTHER, t« filter);

} dmx_pesPeselit;

desgsihes thes PESdiype for filters which write to a built-in decoder. The correspond
(and shoutd be &keptedenticaDMa_the ¥y peslifi KRe deé@mk;device.

_ u8 filter_mask [DMX_MAX_FILTER_SIZE];
stevgbtdasxt sefeednsféed_sx parent; /x Back-pointer x/
¥ptidispfidferingsinte Beto tpr hoaraedet when fhdtRrPIngl ianpregress */
} sémucsedBxodemuxtr 6« _pgrent; /x Back-pointer */

voidx priv; /* Pointer to private data of the API client %/
stntuctirdax) sestioot féed s {feed sx feed,

int is_filétetdng; /* Set to non-zero when filtering in progress x/
struckidmxtrdemtixhsskpaeegth,/* Back-pointer */

voidrspeévi i ReiinirebufFepriiates data of the API client %/

int (fsetHebokambledmx_section_feed_sx feed,

st¥bbtPidmespec timeout);

int (Rdgerkt_firesdagghbulderusiz@mx_ts_feed_sx feed);

int (kBtogesereabigy) (struct dmx_ts_feed_sx feed);

int (*BEtches&) crstyuct dmx_ts_feed_ sk feed,
intiﬂta%%@@§te_filter) (struct dmx_section_feed sx feed,

dmx_sscpéoncfpdbeeypyy ;filter);
};nt (xrelease_filter) (struct dmx_section_feed_s* feed,
dmx_section_filter_tx filter);

t¥BEddrskerhefl Yharing ket sughxdns_seehien _feed sx feed);

int (xstop_filtering) (struct dmx_section_feed_sx feed);

f kT e
Z¥peEe fpstkactrdmspisect i onof esdppsodinzd seet lon/ feed_t;

[
e

{ypedbibackutendmiopsskfilter_s {
/struct-dmx-pes-sx-parenty-7/x-Back=poimter —x/
voidx priv; /x Pointer to private data of the API client %/
tvardefesnEi (kdmxtts_cb) ( __u8 *x bufferl,
size_t bufferl_length,

typedef mBruchulliixrpes_feed_ s {

int isifeltebufiferZx18agthe non-zero when filtering in progress =/
structmdmksdémed_t*x peuene; /x Back-pointer x/
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*/ dmx_success_t success);

¢#dpEdaé DMX_TSARILEERINGN_cb) ( _ u8 % bufferl, 1
#defsneeDMXbBESeFILTBRING 2
#defina8DMXbSEEEEDN_FILTERING 4

#defineeDMXbMEMORY BASED_FILTERING 8 /x> write () available
#defdms_ BMEtCBG_CHEECKING * source, 16
#defdmz_BMXCcESsDESERAMBEING 32

#define DMX_SECTION_PAYLOAD_DESCRAMBLING 64

tgpcdae DMK_NAAMADPRESSLPEFCRAMBIANGufferl, 128

size_t bufferl_len,
__u8 % buffer2,
size_t buffer2_len,
15.1.4.cdemux: .demuxutce,
dmx_success_t success);
/%
/*~PMX-FE-ENTRY{y+-€asts—etements-in—the-tist-of-registered————————————-—-
/% BYBnErentsEfidow/the generic type struct list_head
/*—to—the-type-—%-dmx-—frontend-—t—————————————————"—————————————————— -
*.
kypedef enum
DMX_OTHER_FE = 0,
#0OMEXIiBATBMXIFE_ENTRY (1ist) list_entry(list, dmx_frontend_t, connectivity.
DMX_CABLE_FE,
sEMYcTEBREKSABLAR_EE
PMXTh&DBoFEewing charx fields point to NULL terminated strings %/
BMXrASIdFE, /x DVB-ASI interfdeeUwrique demux identifier %/

BMXrMEVMORNO FE /x Name of the demux vendor x/

} cmxx fmodé &nd_source_t; /*x Name of the demux model */

__u32 capabilities; /* Bitfield of capability flags %/
tdprdéfortendtt4 frontend; /* Front—end connected to the demux x/
#xrloe foktohtnd ckgriifiglds /politttofNUkhiteemedadedusesings */

vhadx pdiv; /*x Boigterfronpréndteddatafoértké API clier
thar#«seesgor; /* Nambeaf ofhasérenk/end vendor */

charx*xopdel; (struct dmx_demux/s#*xNdmmurf;the front-end model %/
shrudkclasé) héatdraoonnéuk idemnyx ldstdenux List of front-ends that can
int Mewrdhapctesdrtot adprrdémustas+x demux, const charx buf, size_t count);
int dealko&dte ts_feed) (struct dmx_demux_sx demux,
voiddmprtis; feed_txxPdertler to private data of the API client =%/
dmx_dmzrntsndbsocattbatkspurce;
}idihhx (frehéene _ts_feed) (struct dmx_demux_sx demux,

dmx_ts_feed_tx feed);

/* MPE@mZ_Pe&sDé¢mer_tAix feed,
/*————dmx-pes-cb-catibacky;-————-"H-""-"1-"1H""-""-""""""""""""""""""""""" -
int (xrelease_pes_feed) (struct dmx_demux_sx demux,

/* dmx_pes_feed_tx feed);

+nEldgalBtatleinethaeonapabd) itesriiceldmrfdesmurcsxdoemdrpux_s .
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dmx_section_feed_t*x feed,
dmx_section_cb callback);
int (xrelease_section_feed) (struct dmx_demux_sx demux,
dmx_section_feed_t* feed);
int (xdescramble_mac_address) (struct dmx_demux_s*x demux,
__u8% bufferl,
size_t bufferl_length,
_ u8% bufferz,
size_t buffer2_length,
_ul6 pid);
int (xdescramble_section_payload) (struct dmx_demux_sx demux,
__u8x bufferl,
size_t bufferl_length,
__u8x buffer2, size_t buffer2_length,

_ul6 pid);

int (xadd_frontend) (struct dmx_demux_sx demux,
dmx_frontend_tx frontend);

int (xremove_frontend) (struct dmx_demux_sx demux,

dmx_frontend_tx frontend);

struct list_headx (xget_frontends) (struct dmx_demux_sx demux) ;

int (xconnect_frontend) (struct dmx_demux_s* demux,
dmx_frontend_tx frontend);

int (xdisconnect_frontend) (struct dmx_demux_s* demux) ;

/* added because Js cannot keep track of these himself =%/
int (xget_pes_pids) (struct dmx_demux_sx demux, _ ulé6 xpids);
}i

typedef struct dmx_demux_s dmx_demux_t;

15.1.5. Demux directory

/%

+x DMX_DIR_ENTRY () : Casts elements in the list of registered

* demuxes from the generic type struct list_headx to the type dmx_demux_
*.

*/

#define DMX_DIR_ENTRY (list) list_entry(list, dmx_demux_t, reg_list)

int dmx_register_ demux (dmx_demux_tx demux) ;
int dmx_unregister_demux (dmx_demux_t* demux) ;
struct list_headx dmx_get_demuxes (void);

15.2. Demux Directory API

520 The demux directory is a Linux kernel-wide facility for registering and accessing
the MPEG-2 TS demuxes in the system. Run-time registering and unregistering of
demux drivers is possible using this API.



SYNOPSIS
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‘ int dmx_register_demux ( dmx_demux_t xdemux )

PARAMETERS

‘ dmx_demux_t* demux

‘ Pointer to the demux structure.

RETURNS
0 The function was completed without
erTors.
-EEXIST A demux with the same value of the id
field already stored in the directory.
-ENOSPC No space left in the directory.

15.2.2. dmx_unregister_demux()

DESCRIPTION

interface.

This function is called to indicate that the given demux interface is no longer
available. The caller of this function is responsible for freeing the memory of the
demux structure, if it was dynamically allocated before calling
dmx_register_demux(). The cleanup_module() function of the kernel module that
contains the demux driver should call this function. Note that this function fails if
the demux is currently in use, i.e., release_demux() has not been called for the

SYNOPSIS

int dmx_unregister_demux ( dmx_demux_t xdemux )

PARAMETERS

dmx_demux_t* demux

Pointer to the demux structure which is
to be unregistered.

RETURNS

The function was completed without
errors.
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ENODEV The specified demux is not registered in
the demux directory.

EBUSY The specified demux is currently in use.

15.2.3. dmx_get_demuxes()
DESCRIPTION

Provides the caller with the list of registered demux interfaces, using the standard
list structure defined in the include file linux/list.h. The include file demux.h
defines the macro DMX_DIR_ENTRY/() for converting an element of the generic
type struct list_head* to the type dmx_demux_t*. The caller must not free the
memory of any of the elements obtained via this function call.

SYNOPSIS

‘ struct list_head xdmx_get_demuxes ()

PARAMETERS

‘ none

RETURNS

struct list_head * A list of demux interfaces, or NULL in
the case of an empty list.

15.3. Demux API

522

The demux API should be implemented for each demux in the system. It is used to
select the TS source of a demux and to manage the demux resources. When the
demux client allocates a resource via the demux API, it receives a pointer to the API
of that resource.

Each demux receives its TS input from a DVB front-end or from memory, as set via
the demux API. In a system with more than one front-end, the API can be used to
select one of the DVB front-ends as a TS source for a demux, unless this is fixed in
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the HW platform. The demux API only controls front-ends regarding their
connections with demuxes; the APIs used to set the other front-end parameters,
such as tuning, are not defined in this document.

The functions that implement the abstract interface demux should be defined static
or module private and registered to the Demux Directory for external access. It is
not necessary to implement every function in the demux_t struct, however (for
example, a demux interface might support Section filtering, but not TS or PES
filtering). The API client is expected to check the value of any function pointer
before calling the function: the value of NULL means “function not available”.

Whenever the functions of the demux API modify shared data, the possibilities of
lost update and race condition problems should be addressed, e.g. by protecting
parts of code with mutexes. This is especially important on multi-processor hosts.

Note that functions called from a bottom half context must not sleep, at least in the
2.2.x kernels. Even a simple memory allocation can result in a kernel thread being
put to sleep if swapping is needed. For example, the Linux kernel calls the functions
of a network device interface from a bottom half context. Thus, if a demux API
function is called from network device code, the function must not sleep.

15.3.1. open()

DESCRIPTION

This function reserves the demux for use by the caller and, if necessary, initializes
the demux. When the demux is no longer needed, the function close() should be
called. It should be possible for multiple clients to access the demux at the same
time. Thus, the function implementation should increment the demux usage count
when open() is called and decrement it when close() is called.

SYNOPSIS

‘ int open ( demux_tx demux );

PARAMETERS
demux_t* demux Pointer to the demux API and instance
data.
RETURNS
0 The function was completed without
errors.
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-EUSERS Maximum usage count reached.

-EINVAL Bad parameter.

15.3.2. close()

DESCRIPTION

This function reserves the demux for use by the caller and, if necessary, initializes
the demux. When the demux is no longer needed, the function close() should be
called. It should be possible for multiple clients to access the demux at the same
time. Thus, the function implementation should increment the demux usage count
when open() is called and decrement it when close() is called.

SYNOPSIS

‘ int close(demux_tx demux);

PARAMETERS
demux_t* demux Pointer to the demux API and instance
data.
RETURNS
0 The function was completed without
errors.
-ENODEV The demux was not in use.
-EINVAL Bad parameter.

15.3.3. write()

DESCRIPTION
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This function provides the demux driver with a memory buffer containing TS
packets. Instead of receiving TS packets from the DVB front-end, the demux driver
software will read packets from memory. Any clients of this demux with active
TS, PES or Section filters will receive filtered data via the Demux callback API
(see 0). The function returns when all the data in the buffer has been consumed by
the demux. Demux hardware typically cannot read TS from memory. If this is the
case, memory-based filtering has to be implemented entirely in software.

SYNOPSIS

‘ int write(demux_tx demux, const charx buf, size_t count);

PARAMETERS
demux_t* demux Pointer to the demux API and instance
data.
const char* buf Pointer to the TS data in kernel-space
memory.
size_t length Length of the TS data.
RETURNS
0 The function was completed without
errors.
-ENOSYS The command is not implemented.
-EINVAL Bad parameter.

15.3.4. allocate ts feed()
DESCRIPTION

Allocates a new TS feed, which is used to filter the TS packets carrying a certain
PID. The TS feed normally corresponds to a hardware PID filter on the demux
chip.

SYNOPSIS

int allocate_ts_feed(dmx_demux_tx demux, dmx_ts_feed_txx feed, dmx_ts_cb
callback);
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PARAMETERS

demux_t* demux

Pointer to the demux API and instance
data.

dmx_ts_feed_t** feed

Pointer to the TS feed API and instance
data.

dmx_ts_cb callback

Pointer to the callback function for
passing received TS packet

RETURNS
0 The function was completed without
errors.
-EBUSY No more TS feeds available.
-ENOSYS The command is not implemented.
-EINVAL Bad parameter.

15.3.5. release ts feed()

DESCRIPTION

Releases the resources allocated with allocate_ts_feed(). Any filtering in progress
on the TS feed should be stopped before calling this function.

SYNOPSIS

int release_ts_feed(dmx_demux_tx demux, dmx_ts_feed_tx feed);

PARAMETERS

demux_t* demux

Pointer to the demux API and instance
data.

dmx_ts_feed_t* feed

Pointer to the TS feed API and instance
data.

RETURNS
0 The function was completed without
errors.
-EINVAL Bad parameter.
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15.3.6. allocate_section_feed()
DESCRIPTION

Allocates a new section feed, i.e. a demux resource for filtering and receiving
sections. On platforms with hardware support for section filtering, a section feed is
directly mapped to the demux HW. On other platforms, TS packets are first PID
filtered in hardware and a hardware section filter then emulated in software. The
caller obtains an API pointer of type dmx_section_feed_t as an out parameter.
Using this API the caller can set filtering parameters and start receiving sections.

SYNOPSIS

int allocate_section_feed(dmx_demux_tx demux, dmx_section_feed_t xxfeed,
dmx_section_cb callback);

PARAMETERS
demux_t *demux Pointer to the demux API and instance
data.
dmx_section_feed_t **feed Pointer to the section feed API and
instance data.
dmx_section_cb callback Pointer to the callback function for
passing received sections.
RETURNS
0 The function was completed without
errors.
-EBUSY No more section feeds available.
-ENOSYS The command is not implemented.
-EINVAL Bad parameter.

15.3.7. release_section_feed()
DESCRIPTION

Releases the resources allocated with allocate_section_feed(), including allocated
filters. Any filtering in progress on the section feed should be stopped before
calling this function.
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SYNOPSIS

int release_section_feed(dmx_demux_tx demux, dmx_section_feed_t xfeed);

PARAMETERS
demux_t *demux Pointer to the demux API and instance
data.
dmx_section_feed_t *feed Pointer to the section feed API and
instance data.
RETURNS
0 The function was completed without
errors.
-EINVAL Bad parameter.

15.3.8. descramble _mac_address|()
DESCRIPTION

This function runs a descrambling algorithm on the destination MAC address field
of a DVB Datagram Section, replacing the original address with its un-encrypted
version. Otherwise, the description on the function descramble_section_payload()
applies also to this function.

SYNOPSIS

int descramble_mac_address(dmx_demux_tx demux, __u8 xbufferl, size_t
bufferl_length, _ u8 xbuffer2, size_t buffer2_length, _ ul6 pid);

PARAMETERS
dmx_demux_t *demux Pointer to the demux API and instance
data.
__u8 *bufferl Pointer to the first byte of the section.
size_t buffer]_length Length of the section data, including
headers and CRC, in bufferl.
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__u8* buffer2 Pointer to the tail of the section data, or
NULL. The pointer has a non-NULL
value if the section wraps past the end of
a circular buffer.

size_t buffer2_length Length of the section data, including
headers and CRC, in buffer?2.
_ul6pid The PID on which the section was

received. Useful for obtaining the
descrambling key, e.g. from a DVB
Common Access facility.

RETURNS
0 The function was completed without
erTors.
-ENOSYS No descrambling facility available.
-EINVAL Bad parameter.

15.3.9. descramble_section_payload()
DESCRIPTION

This function runs a descrambling algorithm on the payload of a DVB Datagram
Section, replacing the original payload with its un-encrypted version. The function
will be called from the demux API implementation; the API client need not call
this function directly. Section-level scrambling algorithms are currently
standardized only for DVB-RCC (return channel over 2-directional cable TV
network) systems. For all other DVB networks, encryption schemes are likely to
be proprietary to each data broadcaster. Thus, it is expected that this function
pointer will have the value of NULL (i.e., function not available) in most demux
API implementations. Nevertheless, it should be possible to use the function
pointer as a hook for dynamically adding a “plug-in”” descrambling facility to a
demux driver.

While this function is not needed with hardware-based section descrambling, the
descramble_section_payload function pointer can be used to override the default
hardware-based descrambling algorithm: if the function pointer has a non-NULL
value, the corresponding function should be used instead of any descrambling
hardware.

SYNOPSIS
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int descramble_section_payload(dmx_demux_tx demux, __u8 xbufferl, size_t
buffer]_length, _ u8 xbuffer2, size_t buffer2_length, __ ul6 pid);

PARAMETERS

dmx_demux_t *demux

Pointer to the demux API and instance
data.

__ul *bufferl

Pointer to the first byte of the section.

size_t bufferl_length

Length of the section data, including
headers and CRC, in bufferl.

__u8 *buffer2

Pointer to the tail of the section data, or
NULL. The pointer has a non-NULL
value if the section wraps past the end of
a circular buffer.

size_t buffer2_length

Length of the section data, including
headers and CRC, in buffer2.

_ul6pid The PID on which the section was
received. Useful for obtaining the
descrambling key, e.g. from a DVB
Common Access facility.

RETURNS

0 The function was completed without
erTors.

-ENOSYS No descrambling facility available.

-EINVAL Bad parameter.

15.3.10. add_frontend()

DESCRIPTION

Registers a connectivity between a demux and a front-end, i.e., indicates that the
demux can be connected via a call to connect_frontend() to use the given front-end
as a TS source. The client of this function has to allocate dynamic or static memory
for the frontend structure and initialize its fields before calling this function. This
function is normally called during the driver initialization. The caller must not free
the memory of the frontend struct before successfully calling remove_frontend().

SYNOPSIS
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int add_frontend(dmx_demux_t xdemux, dmx_frontend_t xfrontend);

PARAMETERS

dmx_demux_t* demux

Pointer to the demux API and instance
data.

dmx_frontend_t* frontend

Pointer to the front-end instance data.

RETURNS

0 The function was completed without
errors.

-EEXIST A front-end with the same value of the
id field already registered.

-EINUSE The demux is in use.

-ENOMEM No more front-ends can be added.

-EINVAL Bad parameter.

15.3.11. remove_frontend()

DESCRIPTION

Indicates that the given front-end, registered by a call to add_frontend(), can no
longer be connected as a TS source by this demux. The function should be called
when a front-end driver or a demux driver is removed from the system. If the
front-end is in use, the function fails with the return value of -EBUSY. After
successfully calling this function, the caller can free the memory of the frontend
struct if it was dynamically allocated before the add_frontend() operation.

SYNOPSIS

int remove_frontend(dmx_demux_tx demux, dmx_frontend_tx frontend);

PARAMETERS

dmx_demux_t* demux

Pointer to the demux API and instance
data.

dmx_frontend_t* frontend

Pointer to the front-end instance data.

RETURNS
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0 The function was completed without
errors.

-EINVAL Bad parameter.

-EBUSY The front-end is in use, i.e. a call to

connect_frontend() has not been
followed by a call to
disconnect_frontend().

15.3.12. get_frontends()

DESCRIPTION

connect_frontend().

Provides the APIs of the front-ends that have been registered for this demux. Any
of the front-ends obtained with this call can be used as a parameter for

call.

The include file demux.h contains the macro DMX_FE_ENTRY() for converting
an element of the generic type struct list_head* to the type dmx_frontend_t*. The
caller must not free the memory of any of the elements obtained via this function

SYNOPSIS

struct list_headx get_frontends(dmx_demux_tx demux);

PARAMETERS

dmx_demux_t* demux

Pointer to the demux API and instance
data.

RETURNS

dmx_demux_t*

A list of front-end interfaces, or NULL
in the case of an empty list.

15.3.13. connect_frontend()

DESCRIPTION
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add_frontend().

Connects the TS output of the front-end to the input of the demux. A demux can
only be connected to a front-end registered to the demux with the function

It may or may not be possible to connect multiple demuxes to the same front-end,
depending on the capabilities of the HW platform. When not used, the front-end
should be released by calling disconnect_frontend().

SYNOPSIS

int connect_frontend(dmx_demux_tx demux, dmx_frontend_tx frontend);

PARAMETERS

dmx_demux_t* demux

Pointer to the demux API and instance
data.

dmx_frontend_t* frontend

Pointer to the front-end instance data.

RETURNS
0 The function was completed without
erTors.
-EINVAL Bad parameter.
-EBUSY The front-end is in use.

15.3.14. disconnect_frontend()

DESCRIPTION

connect_frontend() call.

Disconnects the demux and a front-end previously connected by a

SYNOPSIS

int disconnect_frontend(dmx_demux_tx demux);

PARAMETERS

dmx_demux_t* demux

Pointer to the demux API and instance
data.

533




Chapter 15. Kernel Demux API

RETURNS
0 The function was completed without
erTors.
-EINVAL Bad parameter.

15.4. Demux Callback API

534

This kernel-space API comprises the callback functions that deliver filtered data to
the demux client. Unlike the other APIs, these API functions are provided by the
client and called from the demux code.

The function pointers of this abstract interface are not packed into a structure as in
the other demux APIs, because the callback functions are registered and used
independent of each other. As an example, it is possible for the API client to
provide several callback functions for receiving TS packets and no callbacks for
PES packets or sections.

The functions that implement the callback API need not be re-entrant: when a
demux driver calls one of these functions, the driver is not allowed to call the
function again before the original call returns. If a callback is triggered by a
hardware interrupt, it is recommended to use the Linux “bottom half” mechanism or
start a tasklet instead of making the callback function call directly from a hardware
interrupt.

15.4.1. dmx_ts_cb()

DESCRIPTION

This function, provided by the client of the demux API, is called from the demux
code. The function is only called when filtering on this TS feed has been enabled
using the start_filtering() function.

Any TS packets that match the filter settings are copied to a circular buffer. The
filtered TS packets are delivered to the client using this callback function. The size
of the circular buffer is controlled by the circular_buffer_size parameter of the
set() function in the TS Feed APL. It is expected that the bufferl and buffer2
callback parameters point to addresses within the circular buffer, but other
implementations are also possible. Note that the called party should not try to free
the memory the bufferl and buffer2 parameters point to.
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When this function is called, the buffer] parameter typically points to the start of
the first undelivered TS packet within a circular buffer. The buffer2 buffer
parameter is normally NULL, except when the received TS packets have crossed
the last address of the circular buffer and “wrapped” to the beginning of the buffer.
In the latter case the bufferl parameter would contain an address within the
circular buffer, while the buffer2 parameter would contain the first address of the
circular buffer.

The number of bytes delivered with this function (i.e. bufferl_length +
buffer2_length) is usually equal to the value of callback_length parameter given in
the set() function, with one exception: if a timeout occurs before receiving
callback_length bytes of TS data, any undelivered packets are immediately
delivered to the client by calling this function. The timeout duration is controlled
by the set() function in the TS Feed API.

If a TS packet is received with errors that could not be fixed by the TS-level
forward error correction (FEC), the Transport_error_indicator flag of the TS
packet header should be set. The TS packet should not be discarded, as the error
can possibly be corrected by a higher layer protocol. If the called party is slow in
processing the callback, it is possible that the circular buffer eventually fills up. If
this happens, the demux driver should discard any TS packets received while the
buffer is full. The error should be indicated to the client on the next callback by
setting the success parameter to the value of DMX_OVERRUN_ERROR.

The type of data returned to the callback can be selected by the new function int
(*set_type) (struct dmx_ts_feed_s* feed, int type, dmx_ts_pes_t pes_type) which
is part of the dmx_ts_feed_s struct (also cf. to the include file ost/demux.h) The
type parameter decides if the raw TS packet (TS_PACKET) or just the payload
(TS_PACKET—TS_PAYLOAD_ONLY) should be returned. If additionally the
TS_DECODER bit is set the stream will also be sent to the hardware MPEG
decoder. In this case, the second flag decides as what kind of data the stream
should be interpreted. The possible choices are one of DMX_TS_PES_AUDIO,
DMX_TS_PES_VIDEO, DMX_TS_PES_TELETEXT,
DMX_TS_PES_SUBTITLE, DMX_TS_PES_PCR, or DMX_TS_PES_OTHER.

SYNOPSIS

int dmx_ts_cb(__u8x bufferl, size_t buffer1_length, __ u8x buffer2, size_t
buffer2_length, dmx_ts_feed_tx source, dmx_success_t success);

PARAMETERS

__u8* bufferl Pointer to the start of the filtered TS
packets.
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size_t bufferl_length Length of the TS data in bufferl.

__u8* buffer2 Pointer to the tail of the filtered TS
packets, or NULL.

size_t buffer2_length Length of the TS data in buffer2.

dmx_ts_feed_t* source Indicates which TS feed is the source of
the callback.

dmx_success_t success Indicates if there was an error in TS
reception.

RETURNS

0 Continue filtering.

-1 Stop filtering - has the same effect as a
call to stop_filtering() on the TS Feed
API.

15.4.2. dmx_section_cb()
DESCRIPTION

This function, provided by the client of the demux API, is called from the demux
code. The function is only called when filtering of sections has been enabled using
the function start_filtering() of the section feed API. When the demux driver has
received a complete section that matches at least one section filter, the client is
notified via this callback function. Normally this function is called for each
received section; however, it is also possible to deliver multiple sections with one
callback, for example when the system load is high. If an error occurs while
receiving a section, this function should be called with the corresponding error
type set in the success field, whether or not there is data to deliver. The Section
Feed implementation should maintain a circular buffer for received sections.
However, this is not necessary if the Section Feed API is implemented as a client
of the TS Feed API, because the TS Feed implementation then buffers the received
data. The size of the circular buffer can be configured using the set() function in
the Section Feed API. If there is no room in the circular buffer when a new section
is received, the section must be discarded. If this happens, the value of the success
parameter should be DMX_OVERRUN_ERROR on the next callback.

SYNOPSIS
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int dmx_section_cb(__u8x bufferl, size_t bufferl_length, _ u8x buffer2, size_t
buffer2_length, dmx_section_filter_tx source, dmx_success_t success);

PARAMETERS

__u&* bufferl

Pointer to the start of the filtered
section, e.g. within the circular buffer of
the demux driver.

size_t bufferl_length

Length of the filtered section data in
bufferl, including headers and CRC.

__u&* buffer2

Pointer to the tail of the filtered section
data, or NULL. Useful to handle the
wrapping of a circular buffer.

size_t buffer2_length

Length of the filtered section data in
buffer2, including headers and CRC.

dmx_section_filter_t* filter

Indicates the filter that triggered the
callback.

dmx_success_t success

Indicates if there was an error in section
reception.

RETURNS

Continue filtering.

Stop filtering - has the same effect as a
call to stop_filtering() on the Section
Feed APIL

15.5. TS Feed API

A TS feed is typically mapped to a hardware PID filter on the demux chip. Using
this API, the client can set the filtering properties to start/stop filtering TS packets
on a particular TS feed. The API is defined as an abstract interface of the type

dmx_ts_feed_t.

The functions that implement the interface should be defined static or module
private. The client can get the handle of a TS feed API by calling the function

allocate_ts_feed() in the demux API.
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15.5.1. set()

DESCRIPTION

This function sets the parameters of a TS feed. Any filtering in progress on the TS
feed must be stopped before calling this function.

SYNOPSIS

int set ( dmx_ts_feed_tx feed,
circular_buffer_size, int descramble, struct timespec timeout);

ul6 pid, size_t callback_length, size_t

PARAMETERS

dmx_ts_feed t* feed

Pointer to the TS feed API and instance
data.

__ul6pid

PID value to filter. Only the TS packets
carrying the specified PID will be
passed to the API client.

size_t callback_length

Number of bytes to deliver with each
call to the dmx_ts_cb() callback
function. The value of this parameter
should be a multiple of 188.

size t circular_buffer_size

Size of the circular buffer for the
filtered TS packets.

int descramble

If non-zero, descramble the filtered TS
packets.

struct timespec timeout

Maximum time to wait before
delivering received TS packets to the
client.

RETURNS

0 The function was completed without
erTors.

-ENOMEM Not enough memory for the requested
buffer size.

-ENOSYS No descrambling facility available for
TS.

-EINVAL Bad parameter.




15.5.2. start_filtering()
DESCRIPTION

Chapter 15. Kernel Demux API

Starts filtering TS packets on this TS feed, according to its settings. The PID value
to filter can be set by the API client. All matching TS packets are delivered
asynchronously to the client, using the callback function registered with

allocate_ts_feed().

SYNOPSIS

int start_filtering(dmx_ts_feed_tx feed);

PARAMETERS

dmx_ts_feed t* feed

Pointer to the TS feed API and instance
data.

RETURNS
0 The function was completed without
erTors.
-EINVAL Bad parameter.

15.5.3. stop_filtering()

DESCRIPTION

‘ Stops filtering TS packets on this TS feed.

SYNOPSIS

‘ int stop_filtering(dmx_ts_feed_tx feed);

PARAMETERS

dmx_ts_feed t* feed

Pointer to the TS feed API and instance
data.

RETURNS
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0 The function was completed without
eITors.
-EINVAL Bad parameter.

15.6. Section Feed API

A section feed is a resource consisting of a PID filter and a set of section filters.
Using this API, the client can set the properties of a section feed and to start/stop
filtering. The API is defined as an abstract interface of the type dmx_section_feed_t.
The functions that implement the interface should be defined static or module
private. The client can get the handle of a section feed API by calling the function
allocate_section_feed() in the demux API.

On demux platforms that provide section filtering in hardware, the Section Feed
API implementation provides a software wrapper for the demux hardware. Other
platforms may support only PID filtering in hardware, requiring that TS packets are
converted to sections in software. In the latter case the Section Feed API
implementation can be a client of the TS Feed API.

15.7. set()
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DESCRIPTION

This function sets the parameters of a section feed. Any filtering in progress on
the section feed must be stopped before calling this function. If descrambling is
enabled, the payload_scrambling_control and address_scrambling_control fields
of received DVB datagram sections should be observed. If either one is non-zero,
the section should be descrambled either in hardware or using the functions
descramble_mac_address() and descramble_section_payload() of the demux APL.
Note that according to the MPEG-2 Systems specification, only the payloads of
private sections can be scrambled while the rest of the section data must be sent in
the clear.

SYNOPSIS

int set(dmx_section_feed_tx feed, __ul6 pid, size_t circular_buffer_size, int
descramble, int check_crc);




PARAMETERS
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dmx_section_feed_t* feed

Pointer to the section feed API and
instance data.

_ul6pid

PID value to filter; only the TS packets
carrying the specified PID will be
accepted.

size t circular_buffer_size

Size of the circular buffer for filtered
sections.

int descramble

If non-zero, descramble any sections
that are scrambled.

int check_crc

If non-zero, check the CRC values of
filtered sections.

RETURNS

0 The function was completed without
erTors.

-ENOMEM Not enough memory for the requested
buffer size.

-ENOSYS No descrambling facility available for
sections.

-EINVAL Bad parameters.

15.8. allocate_filter()

DESCRIPTION

section filter.

This function is used to allocate a section filter on the demux. It should only be
called when no filtering is in progress on this section feed. If a filter cannot be
allocated, the function fails with -ENOSPC. See in section ?? for the format of the
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The bitfields filter_mask and filter_value should only be modified when no
filtering is in progress on this section feed. filter_mask controls which bits of
filter_value are compared with the section headers/payload. On a binary value of 1
in filter_mask, the corresponding bits are compared. The filter only accepts
sections that are equal to filter_value in all the tested bit positions. Any changes to
the values of filter_mask and filter_value are guaranteed to take effect only when
the start_filtering() function is called next time. The parent pointer in the struct is
initialized by the API implementation to the value of the feed parameter. The priv
pointer is not used by the API implementation, and can thus be freely utilized by
the caller of this function. Any data pointed to by the priv pointer is available to
the recipient of the dmx_section_cb() function call.

While the maximum section filter length (DMX_MAX_FILTER_SIZE) is
currently set at 16 bytes, hardware filters of that size are not available on all
platforms. Therefore, section filtering will often take place first in hardware,
followed by filtering in software for the header bytes that were not covered by a
hardware filter. The filter_mask field can be checked to determine how many bytes
of the section filter are actually used, and if the hardware filter will suffice.
Additionally, software-only section filters can optionally be allocated to clients
when all hardware section filters are in use. Note that on most demux hardware it
is not possible to filter on the section_length field of the section header — thus this

field is ignored, even though it is included in filter_value and filter_mask fields.

SYNOPSIS

int allocate_filter(dmx_section_feed_tx feed, dmx_section_filter_tx filter);

PARAMETERS
dmx_section_feed_t* feed Pointer to the section feed API and
instance data.
dmx_section_filter_t** filter Pointer to the allocated filter.
RETURNS
0 The function was completed without
errors.
-ENOSPC No filters of given type and length
available.
-EINVAL Bad parameters.




15.9. release_filter()

DESCRIPTION
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This function releases all the resources of a previously allocated section filter. The
function should not be called while filtering is in progress on this section feed.
After calling this function, the caller should not try to dereference the filter pointer.

SYNOPSIS

int release_filter ( dmx_section_feed_tx feed, dmx_section_filter_tx filter);

PARAMETERS

dmx_section_feed_t* feed

Pointer to the section feed API and
instance data.

dmx_section_filter t* filter

1/O Pointer to the instance data of a
section filter.

RETURNS
0 The function was completed without
errors.
-ENODEV No such filter allocated.
-EINVAL Bad parameter.

15.10. start_filtering()

DESCRIPTION

Starts filtering sections on this section feed, according to its settings. Sections are
first filtered based on their PID and then matched with the section filters allocated
for this feed. If the section matches the PID filter and at least one section filter, it is
delivered to the API client. The section is delivered asynchronously using the
callback function registered with allocate_section_feed().

SYNOPSIS

int start_filtering ( dmx_section_feed_tx feed );
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PARAMETERS

dmx_section_feed_t* feed

Pointer to the section feed API and
instance data.

RETURNS
0 The function was completed without
errors.
-EINVAL Bad parameter.

15.11. stop _filtering()

DESCRIPTION

stopped.

Stops filtering sections on this section feed. Note that any changes to the filtering
parameters (filter_value, filter_mask, etc.) should only be made when filtering is

SYNOPSIS

int stop_filtering ( dmx_section_feed_tx feed );

PARAMETERS

dmx_section_feed_t* feed

Pointer to the section feed API and
instance data.

RETURNS
0 The function was completed without
errors.
-EINVAL Bad parameter.
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In this section we would like to present some examples for using the DVB API.

Maintainer note: This section is out of date. Please refer to the sample programs
packaged with the driver distribution from http://linuxtv.org/hg/dvb-apps.

16.1. Tuning

We will start with a generic tuning subroutine that uses the frontend and SEC, as
well as the demux devices. The example is given for QPSK tuners, but can easily be
adjusted for QAM.

#include <sys/ioctl.h>
#include <stdio.h>
#include <stdint.h>
#include <sys/types.h>
finclude <sys/stat.h>
#include <fcntl.h>
#include <time.h>
#include <unistd.h>

#include <linux/dvb/dmx.h>
#include <linux/dvb/frontend.h>
#include <linux/dvb/sec.h>
#include <sys/poll.h>

#define DMX "/dev/dvb/adapter(O/demuxl"
#define FRONT "/dev/dvb/adapter0/frontendl"
#define SEC "/dev/dvb/adapter(0/secl"

/* routine for checking if we have a signal and other status informations
int FEReadStatus (int fd, fe_status_t =xstat)
{

int ans;
if ( (ans = ioctl (fd,FE_READ_STATUS, stat) < 0)) {
perror ("FE READ STATUS: ");

return -1;

}

if (xstat & FE_HAS_POWER)
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ipridenyXFE<HAS {POWER\Nn") ;
if ((demuxl=open (DMX, O_RDWR|O_NONBLOCK) )
if (xstdf {& FE_HAS_SIGNAL)
ppént6y (PREMER DEGNEE\n") ;
return -1;
if (xstat & FE_SPECTRUM_INV)
}printf ("SPEKTRUM INV\n");

rétydamix2 < 0) {
} 1if ((demux2=open (DMX, O_RDWR|O_NONBLOCK) )
< 0){
perror ("DEMUX DEVICE: ");
/* tTrenergpsk;x/

/*}freqg: frequency of transponder

/% vpid, apid, tpid: PIDs of video, audio and teletext TS packets
/* diseqgc: DiSEgC address of the used LNB

/% fpdemux3 < 0) { Polarisation
/*ifrdtidemux3=open (DMZymbo RDR&RHE©_NONBLOCK) )

/* fecg 0){ FEC

/* belrbof{lI'DEMUX DEVIC&cal)frequency of lower LNB band

/* ¥Yebutrofzi; local frequency of upper LNB band

/*}1lnb _slof: switch frequency of LNB

}
int set_gpsk_channel (int freq, int vpid, int apid, int tpid,
ifnttfdegegclnbnslpd), {int srate, int fec, int 1lnb_lofl,
fonp.fnbglhefidy #nttfirely sldofap lofl);
{ scmds.continuousTone = SEC_TONE_OFF;
$tehst $ecCommand scmd;
sfrpcErsquémdgegudficegsemndap_lof2) ;
strmds . dortpasofisToae pafBEAsTPNEFONferParams;
FrontendParameters frp;
srputhveoildd pfANVERSION_AUTO;
EforpehyEgemdsevehtage = SEC_VOLTAGE_18;
ehsedesmmds, vdénage , =dSMAxTOLTAGEL ] 3;

femduenpg=6; (uint32_t) freq;

sgmbolirdiisesgc (addr30xtD; srate;

scmd.u.diseqgc.cmd=0x38;

s€ridfuodi seqopanPRONAgE1RDWR) ) < 0) {
sprdrord!EROQNTENRaDEVICE= O0xFO | ((disegc %« 4) & O0xO0F) |
ftetmdr.ecbdbptinuousTone == SEC_TONE_ON 2?2 1 : 0) |

} (scmds.voltage==SEC_VOLTAGE_18 ? 2 : 0);

s€rdsemini Cpmmd AHESACRMEN] ) NONH) {
sprdsonyfSEAMBEYIERL; ") ;

scmtaroomhands=&scmd;

1f (dioctl(sec, SEC_SEND_SEQUENCE, &scmds) < 0) {
perror ("SEC SEND: ");

*/
*/
*/
*/
*/
*/
*/
*/
*/
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pesEntherParams. flags = DMX_IMMEDIATE_START;
1f (ioctl (demuxl, DMX_SET_PES_FILTER, &pesFilterParams) < 0) {
perror ("set_vpid");
ifetthwontiigsec, SEC_SEND_SEQUENCE, &scmds) < 0) {
}perror ("SEC SEND: ");
return -1;
pesFilterParams.pid = apid;
pesFilterParams.input = DMX_IN_FRONTEND;
beprulgpskapymbodRegat= SrpMR; OUT_DECODER;
beprilepskabFbfsipagrtypé&es; DMX_PES_AUDIO;
pesFilterParams.flags = DMX_IMMEDIATE_START;
if (ieetl (fepikz, FEMREISETRONSENR TERIPipEsPliterParams) < 0) {
BErre¥ (1QBREKFYNES; ")
Feturn =1
:

BEAEP 1+ Edparifenbia = tpid;
BEGFQ] ¢ 8¥BRESms . FRBLEN/ = DMX_IN_FRONTEND;
pesFilterParams.output DMX_OUT_DECODER;
bgsﬁﬁﬁ%éf?§9a$s3889 %%pe = DMX_PES_TELETEXT;
pefr{Pfd Bl ERYSRYSgE POLLAMX { 1MMEDTATE START;

ipr%8E§f?88EE%§? 8&§ESE¥E§E§EE%LTER, &pesFilterParams) < 0) {
if é 'Qct%(groat .FE_GET_EVENT, &event)
parrort¥set tprars;

return -1;
== —-EOVERFLOW) {

perror ("gpsk get event");

}
re%ﬁ%%uﬁgs:%ignal(fds);

printf ("Received ");
switch (event. type){

The p%ggrearg %ss[{ll\rlr%(sPt a Otr e usin a, umversal LNB and a standard DiSEqC
% ?vent
sw1tch%\/1;[h up to a Tesses. course, you could build in some more checking if

tuning, wz Was SPEC%%EIEM maybe try to repeat the tuning process. Depending on the

externag ]hflg@fqref 1.e,LNB and llpcl$§qp switch, and weather conditions this may
be necessaryen -1;

case FE_COMPLETION_EV:
printf ("completion event\n");

16.2. The DVR device

The followmg program code shows how to use the DVR device for recording.

#include <sys/ioctl.h>
#pesiudeesBadamshpid = vpid;
#pesfudeerBadams . hhput DMX_IN_FRONTEND;
tpesfudeexBysdmgpeathut = DMX_OUT_DECODER;
#pesTudeexBgsdmbapeb>type = DMX_PES_VIDEO;
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#include <fcntl.h>

fpasfudeexPamembh>pid = apid;

#pasfudeexBatramd. hhput = DMX_IN_FRONTEND;
pesFilterParams.output = DMX_OUT_TS_TAP;
fpasTudeexPanamddpbddnyph>= DMX_PES_AUDIO;
fpeasfudeexPanargdibdysdeoDM®_IMMEDIATE_START;
#ificludet¥ddempr2] .AMX_SET_PES_FILTER, &pesFilterParams) < 0) {
#dpérnerHVREMYHeDEUIBE&gapter0/dvrl”

#dectnenAtDiO "/dev/dvb/adapter0/audiol"

#define VIDEO "/dev/dvb/adapter0/videol"

return O;

$define BUFFY (188%x20)

#define MAX_ LENGTH (1024x1024%5) /% record S5MB %/

/* start recording MAX_LENGTH , assuming the transponder is tuned %/

/* dembzh, tdemdeRuxésleodescording, ofdssunengahtdeatdanspohdersis/ tuned */

/* vpid, apid: PIDs of video and audio channels */
irtdemeptd demyiat Oehexdesdnipdemua?,vidaslénd apdde fHihtédbstxhpid)
{* vpid, apid: PIDs of video and audio channels */

int 1i;

imbhtswehgh to_record(int demuxl, int demux2, uintlé6_t vpid, uintl6_t apic
{int written;

sint8ttdhrfPBEFFY]lfer_params pesFilterParams;

uint64_t length;

sfrudempzl1€d0pfd[l];

inf dydemdxr=open (DMX, O_RDWR |O_NONBLOCK))

< 0){

/*pepenrd VDENEXIBEVELE: ") ;

ifrettdvn =lppen (DVR, O_RDONLY |O_NONBLOCK)) < 0){

}perror ("DVR DEVICE") ;

} return -1;

}

if (demux2 < 0){

/* fswildehuxleepear@MXyud Do RO&RY Re HONB LACK ) 4/

print€ QY$witching dvr on\n");

1 peswdr¢HDEMUXeDBYd(Hemlikx}]l, demux2, vpid, apid);
prratfiffifihished: ");

}

printf ("Recording %2.0f MB of test file in TS format\n",
MAX_LENGTH/ (1024.0%1024.0));

pergthterbarams.pid = vpid;

pesFilterParams.input = DMX_IN_FRONTEND;
pesEpéteoRbpamst diicpyut = DMX_OUT_TS_TAP;
péEsHidirerBaramsopen (BYReFFLEYR WRONVYDEOGREAT
pesF1Qt&RBHNCamS. TREGB | S_DMXSRMMEDIATE_START;

if (168cERGHRMExIWGRMXSSEROPHS$_FILTER, &pesFilterParams) < 0) {

perBoTWODENMYX<DEHYICE") ;

petuon (*Can’t open file for dvr test");



return -1;

}

pfd[0].£fd = dvr;
pfd[0] .events = POLLIN;

/* poll for dvr data and write to file %/

while (length < MAX_LENGTH ) {
if (poll(pfd,1,1)){
if (pfd[0].revents & POLLIN) {
len = read(dvr, buf, BUFFY);
if (len < 0){
perror ("recording") ;
return -1;
}
if (len > 0){
written = 0;
while (written < len)
written +=
write (dvr_out,
buf, len);
length += len;
printf ("written %2.0f MB\r",
length/1024./1024.);
}
}
}
}

return O;

}
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Appendix E. DVB Frontend Header
File

* frontend.h

* Copyright (C) 2000 Marcus Metzler <marcus@convergence.de>

* Ralph Metzler <ralph@convergence.de>

* Holger Waechtler <holger@convergence.de>
* Andre Draszik <ad@convergence.de>

* for convergence integrated media GmbH

* This program is free software; you can redistribute it and/or

* modify it under the terms of the GNU Lesser General Public License
* as published by the Free Software Foundation; either version 2.1

* of the License, or (at your option) any later version.

* This program is distributed in the hope that it will be useful,
* but WITHOUT ANY WARRANTY; without even the implied warranty of
* MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
* GNU General Public License for more details.

* You should have received a copy of the GNU Lesser General Public Licen:
* along with this program; if not, write to the Free Software
*+ Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307,

*

*/

#ifndef _DVBFRONTEND_H_
#define _DVBFRONTEND_H_

#include <linux/types.h>

typedef enum fe_type {
FE_OQPSK,
FE_OQAM,
FE_OFDM,
FE_ATSC

} fe_type_t;

typedef enum fe_caps {
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/ ** FE_IS_STUPID =0,

* ChecREoGANLANVERSEQN_BAUTOspec availabkléxbp http://www.eutelsat.org/ £
* the mMBa@ANgFBE_ _fth2s struct... = 0x2,

*/ FE_CAN FEC_2 3 = 0x4,

struct d¥VB_G0ANe&ECma3s#ier cmd { = 0x8,

FEuBANSEEC64;5 /+ { framing, add@z%B, command, data [3] } =/

FEuBANsSHECeh; 6 /+ valid values=a@®28,..6 */

}; FE_CAN_FEC_6_7 = 0x40,
FE_CAN_FEC_7_8 = 0x80,
FE_CAN_FEC_8_9 = 0x100,

struct dV¥VB_GANeHBECSAHTE reply { 0x200,
FEuBANSQP$X] ; /* { framing, dat8x480,} */

FEuBANSsQANMemh p /+ wvalid values=af&800,.4, 0 means no msg =*/
FRLCANiQAMuUB2 /* return from zo8kl08fter timeout ms with =*/

}s FE_CAN_QAM_64 /+ errorcode whenOr@d0@Mégsage was received =/
FE_CAN_QAM 128 = 0x4000,
FE_CAN_QAM_256 = 0x8000,

typedef BEuflANeQAMcAUTOtage { = 0x10000,
BEECCHRULTRBNSMRBSSION_MODE_AUTO = 0x20000,
EECCHKNLBANEWIBTH_AUTO = 0x40000,
BECCRULGHARDOFNTERVAL_AUTO = 0x80000,

} fe_secEFRoCAHNgHEIERARCHY_AUTO = 0x100000,
FE_CAN_8VSB = 0x200000,
FE_CAN_16VSB = 0x400000,

typedef ERuMAScEXEENDEDeCABSe ({ = 0x800000, /* We need more bit:
BECCANUNEUREQ_FEC = 0x8000000, /* frontend support:
BEECCEAUNEGOM®DULATION = 0x10000000, /* frontend support.

} fe_secFEONBEMSABENRING = 0x20000000, /% not supported an
FE_CAN_RECOVER = 0x40000000, /* frontend can rec
FE_CAN_MUTE_TS = 0x80000000 /+ frontend can stoj

typededpsntm fe_sec_mini_cmd {
SEC_MINI_A,

SEC_MINI_B
$tfactedvinifironmdntd; info {
char name[1287];

fe_type_t type;
typedef enum2fe_stafusgyency_min;

FEuBARS_SIGNELhequen@y0hax; /* found something above the noise leve.
FEuBRS_CARRIEBquenfx08fepsizefound a DVB signal

FEuBRS_VITERB&quenOx0#plerArcBREC is stable «/
FEuBRS_SYNCsymboZx_f=x08,min/+ found sync bytes

*/

*/

FEuBBRS_LOCKsymbo*x_ faté,max/* everything’s working... =*/
FEuB2ZMEDOUTsymbo*_0za28, tolé¥rancejock withinpphexYast ~2 seconds x,
FEURRINIT notifxetixd8lay;/+ frontend wag+rBERRECATERed/ «*/

} fe_stafescaps_t caps; /* application is recommended to reset

}i /+* DiSEQC, tone and parameters */

typedef enum fe_spectral_inversion {
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typedef ENUAREEONaOBW;dth {
BENERSDON_ONMHZ,
BANEBRSDON_AUNBZ,

} fe_speBAKNBWIDMie 6SMBA, t;
BANDWIDTH_AUTO,
BANDWIDTH_5_MHZ,

typedef BANDWIBTHodE MHZ¢ {
BENDNONEH=10712_MHZ,

} fe_banBRCdth2%;

FEC_2_3,
FEC_3_4,

typedef BEGm4£f&,guard_interval {
BHBRP_ENTERVAL_1_32,
GHERB_INTERVAL_1_16,
GHERD_8NTERVAL_ 1 8§,
GHBRB_INTERVAL_1_4,
GHERRUTNTERVAL_AUTO,
GHBRB_ANTERVAL_1_128,
GHBRP_INTERVAL_19_128,

} fe_codB8UaARDeINTERVAL_19_256,

} fe_guard_interval_t;

typedef enum fe_modulation {

typedef 6RE#, fe_hierarchy {
GAMRABCHY_ NONE,
GAMRARGCHY_ 1,
GAMRARCHY 2,
GAMRARGHY_ 4,
GAMRABGHY_AUTO

} fe_hie®AMcCRAYTO;

VSB_38,
VSB_16,
struct dPBKgPsk_ parameters {
APB8R216, symbol_rate; /* symbol rate in Symbols per secon
BEBSKod2, rate_t fec_inner; /* forward error correction (see abs
}i DOPSK,

} fe_modulation_t;

struct dvb_gam_parameters {

typedef enud2fe_transmitswmmbdel{rate; /x symbol rate in Symbols per second
TRANSHESS8FON_MODEeZKinner; /* forward error correction (see abo
TRANSHISSEONNMODHoAK ) ation; /+ modulation type (see above) */

}; TRANSMISSION_MODE_AUTO,
TRANSMISSION_MODE_4K,

struct JdPBANSHMIf&TraNeMObE_ 1K,
TRANSMES&TONNMODHodG6Kation; /+ modulation type (see above) */

Vi TRANSMISSION_MODE_ 32K,

} fe_transmit_mode_t;

struct dvb_ofdm_parameters {
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#define DBEVLRARHTVERKM _BYSTEM bandkidth;

fe_code_rate_t code_rate_HP; /*x high priority stream code r:
/* ISDB-Teandd&SbhBe&sb x/ code_rate_LP; /* low priority stream code raf
#define PEVMOADBILPARTEAL_RECBRIEONlatiohf /+ modulation type (see above)
#define DBEVLISHhBMIiBSONNOeBROADCARTMNGsionlhode;

fe_guard_interval_t guard_interval;
#define BBEVhISPBTCcEHB_SUBCHANNE&rabchy_ inf6rmation;

#gdefine DTV_ISDBT_SB_SEGMENT_IDX 21
#define DTV_ISDBT SB_SEGMENT_COUNT 22
$defichedDBVLTARBENHAYERAMEEErs { 23

#define DTU3ZSHBEQLAMERA_MODULATIANsolute) frequ2dAcy in Hz for QAM/OFDM/A’
#define DTV_ISDBT_LAYERA_SEGMENTi@G08Nfediate fre@hency in kHz for QPSK */
#define BEVsHEDBTalAYERAr$IMA_ENTRREBEAVONG 26
union {
#define DTV_ISDBSLLAYERBVBEGpsk_parameters qgpsk; 27
#define DTV_ISDBItLAYERBvVMOOHMAPAONmMeters gam; 28
#define DTV_ISDBRSLLAYERBVBEGHENTpEOENEters ofdm; 29
#define DTV_ISDBESthAFERBVBIMEDLINAKBRMEAETNGVSD; 30

}ou;
¥gefine DTV_ISDBT_LAYERC_FEC 31
#define DTV_ISDBT_LAYERC_MODULATION 32
#define DTV_ISDBT_LAYERC_SEGMENT_COUNT 33
$defichedDBVLFSRABENHA¥FRAL T{ME_INTERLEAVING 34

fe_status_t status;
#define BEYuARIJVBERETONtend_ paraméters parameters;

}i

#define DTV_CODE_RATE_HP 36
#de82ABRTIDTYMAARASRATE_LP 37
#define DTV_UNRRPINNDERVAL 88
#define DTV_TERNSMISSION_MODE 39
#define DTV_BLERRRCHY 20
#define DTV_FREQUENCY 3
#define DTV_MODBTATAYNR_ENABLED 41
#define DTV_BANDWIDTH_HZ 5
#define DTV_INUBBSTSNID 42
#define DTV_DISEQC_MASTER 7
#define DTV_BVMBQRLPRRTED 43 8
#define DTV_INNER_FEC 9
#define DTV_MAKTAGFMAND 10 DTV_DVBT2_PLP_ID
#define DTV_TONE 11
tdpédaé BEUMPIE0Filot { 12
#define PTVUORODNQFF 13

#define PTUODISE®G¢_ SLAVE_REPLY 14
PILOT_AUTO,
y~fBapitoentumeration set for querying unlimited capabilities =/
#define DTV_FE_CAPABILITY_COUNT 15
tdpedaes BAVMFEcCABABIELITY 16
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ROLEOFF_35, /+ Implied value in DVB-S, default for DVB-S2 «/
ROLLOEEU29;
} __attrRPLEeFF Z%packed));
ROLLOFF_AUTO,
Y xfaumodfopfoperties cannot exceed DTV_IOCTL_MAX MSGS per ioctl =/
#define DTV_IOCTL_MAX_ MSGS 64
typedef enum fe_delivery_system {
struct JdEY¥SpUNDEFENEB, {
SYS83RVBGmANNEX_AC,
SYBUDVBAGLANNEXpByrty *props;

}i SYS_DVBT,
SYS_DSS,
#define BESSRYBBROPERTY _IOw(’'o", 82, struct dtv_properties)
#define EESGEVBBROPERTY _IOR('o", 83, struct dtv_properties)
SYS_DVBH,
SYS_ISDBT,
/ ** SYS_ISDBS,

* When S¥8,I8hBE, flag will disable any zigzagging or other "normal" tuni:
* behavi®¥8rATBAditionally, there will be no automatic monitoring of the
* statuSySaad@dSiMH¢e no frontend events will be generated. If a frontend
* 1s clB¥sdpMBliig flag will be automatically turned off when the device
* reopefi¥d_¢CHMMB;write.
*/ SYS_DAB,

#define BESTDNBIMQDE_ONESHOT 0x01

} fe_delivery_system_ t;

$defichedFE_GRAsSINFQ _JIOR('o’, 61, struct dvb_frontend_info
char *name; /+ A display name for debugging purposes
#define FE_DISEQC_RESET_OVERLOAD _IO0("o", 62)

#define FEuBZSEQCmMSEND_MASTER_CMDx AIQWi&fué, IB3#/struct dvb_diseqc_master.
#define FE_DISEQC_RECV_SLAVE_REPLY _IOR(’0o’, 64, struct dvb_diseqc_slave_:

#define FE_PISEQC*3END_BURST _IO('o’, 65) /* fe_sec_mini_cmd_t =*/
_ u32 set:1; /* Either a set or get property =/

#define FEuSBET TONEfer:1; /+ DBB%’ bhis6epropértfeusecthenbulbde?t 4/

#define FEuSET VO&ETAGEed:30; /+ AIQdgho%/ 67) /* fe_sec_voltage_t =*/

#gdefine FE_ENABLE_HIGH_LNB_VOLTAGE _IO('o’, 68) /* int =/

$tdefichedEE_READe8THTYS _IOR('o’, 69, fe_status_t)

#define FEuBEAPmBER _IOR('o", 70, __u32)

#define FEuREAReSE&GNAHD[STRENGTH _IOR('o", 71, __ulo)

#define HEiREAD_SNR _IOR('o", 72, __ulo)

#define FE_READ_UNGORREETER_BLOCKS _IOR('o’, 73, __u32)
struct {

#define FE_SET_FRONTEND _ u8 data[32I¢W(’o’, 76, struct dvb_frontend_parar

#define FE_GET_FRONTEND _ u32 len; _IOR(’'o’, 77, struct dvb_frontend_parar

#define FE_SET_FRONTEND_TUNE2M®OBEerv&dl1371; 81) /+ unsigned int =/

#define FE_GET_EVENT void xreserv&@Rj’o’, 78, struct dvb_frontend_event
} buffer;
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#define FE_DISHNETWORK_SEND_LEGACY_CMD _IO(’o’, 80) /% unsigned int =*/

#endif /+_DVBFRONTEND_H_«*/
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Chapter 17. Remote Controllers

17.1. Introduction

Currently, most analog and digital devices have a Infrared input for remote
controllers. Each manufacturer has their own type of control. It is not rare for the
same manufacturer to ship different types of controls, depending on the device.

Unfortunately, for several years, there was no effort to create uniform IR keycodes
for different devices. This caused the same IR keyname to be mapped completely
differently on different IR devices. This resulted that the same IR keyname to be
mapped completely different on different IR’s. Due to that, V4L2 API now specifies
a standard for mapping Media keys on IR.

This standard should be used by both V4L/DVB drivers and userspace applications

The modules register the remote as keyboard within the linux input layer. This
means that the IR key strokes will look like normal keyboard key strokes (if
CONFIG_INPUT_KEYBOARD is enabled). Using the event devices
(CONFIG_INPUT_EVDEV) it is possible for applications to access the remote via
/dev/input/event devices.

Table 17-1. IR default keymapping

Key code Meaning Key examples on IR
Numeric keys

KEY_O Keyboard digit0 0

KEY_1 Keyboard digit 1 1

KEY_2 Keyboard digit2 2

KEY_3 Keyboard digit 3 3

KEY_4 Keyboard digit4 4

KEY_5 Keyboard digit5 5

KEY_6 Keyboard digit6 6
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KEY_7 Keyboard digit 7 7

KEY_8 Keyboard digit8 8

KEY_9 Keyboard digit9 9

Movie play

control

KEY_ FORWARD Instantly advance ~ >>/ FORWARD
in time

KEY_BACK Instantly go back in <<</BACK
time

KEY_FASTFORWARD Play movie faster >>>/FORWARD

KEY_ REWIND Play movie back ~ REWIND / BACKWARD
KEY_NEXT Select next chapter NEXT / SKIP
/ sub-chapter /
interval
KEY_ PREVIOQUS Select previous << /PREV /PREVIOUS
chapter /
sub-chapter /
interval
KEY AGAIN Repeat the video or REPEAT / LOOP / RECALL
a video interval
KEY_PAUSE Pause sroweam PAUSE / FREEZE
KEY_PLAY Play movie at the NORMAL TIMESHIFT / LIVE / >

normal timeshift
KEY PLAYPAUSE  Alternate between PLAY / PAUSE

play and pause
KEY_STOP Stop sroweam STOP
KEY_RECORD Start/stop CAPTURE / REC / RECORD/PAUSE
recording sroweam
KEY_ CAMERA Take a picture of CAMERA ICON / CAPTURE /
the image SNAPSHOT
KEY_SHUFFLE Enable shuffle SHUFFLE
mode
KEY TIME Activate time shift TIME SHIFT
mode
KEY_TITLE Allow changing the CHAPTER
chapter
KEY_ SUBTITLE Allow changing the SUBTITLE
subtitle

Image control
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KEY_BRIGHTNESSDdD@crease
Brightness

KEY_BRIGHTNESSUHnNcrease Brightness

KEY_ANGLE Switch video
camera angle (on
videos with more
than one angle
stored)

KEY_ EPG Open the
Elecrowonic Play
Guide (EPG)

KEY_TEXT Activate/change
closed caption
mode

Audio control

KEY_AUDIO Change audio
source

KEY_MUTE Mute/unmute audio

KEY_VOLUMEDOWN Decrease volume

KEY_VOLUMEUP Increase volume

KEY_MODE Change sound
mode

KEY_LANGUAGE Select Language

Channel control
KEY_CHANNEL Go to the next
favorite channel
Decrease channel

sequencially

KEY CHANNELDOWN
KEY CHANNELUP Increase channel
sequencially

KEY DIGITS Use more than one

digit for channel
KEY_SEARCH Start channel
autoscan
Colored keys
KEY BLUE IR Blue key
KEY_ GREEN IR Green Key

Chapter 17. Remote Controllers

BRIGHTNESS DECREASE
BRIGHTNESS INCREASE

ANGLE / SWAP

EPG / GUIDE

CLOSED CAPTION/TELETEXT /
DVD TEXT / TELETEXT / TTX

AUDIO SOURCE / AUDIO / MUSIC

MUTE / DEMUTE / UNMUTE

VOLUME- / VOLUME DOWN
VOLUME+/ VOLUME UP
MONO/STEREO

1ST /2ND LANGUAGE / DVD LANG
/ MTS/SAP / MTS SEL

ALT / CHANNEL / CH SURFING /
SURF / FAV

CHANNEL - / CHANNEL DOWN /
DOWN

CHANNEL +/ CHANNEL UP / UP
PLUS / 100/ 1xx / xxx / -/-- / Single

Double Triple Digit
SCAN / AUTOSCAN

BLUE
GREEN
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KEY_RED IR Red key RED

KEY_ YELLOW IR Yellow key YELLOW

Media selection

KEY_CD Change input CD
source to Compact
Disc

KEY_DVD Change input to DVD /DVD MENU
DVD

KEY_EJECTCLOSECIOpen/close the ->)/ CLOSE / OPEN
CD/DVD player

KEY MEDIA Turn on/off Media PC/TV / TURN ON/OFF APP
application

KEY_PC Selects from TV to PC
PC

KEY_RADTO Put into AM/FM ~ RADIO /TV/FM / TV/RADIO / FM /
radio mode FM/RADIO

KEY_TV Select tv mode TV /LIVETV

KEY_TV2 Select Cable mode AIR/CBL

KEY_VCR Select VCR mode VCR MODE /DTR

KEY_VIDEO Alternate between SOURCE / SELECT / DISPLAY /
input modes SWITCH INPUTS / VIDEO

Power control

KEY_POWER Turn on/off SYSTEM POWER / COMPUTER
computer POWER

KEY_ POWER2 Turn on/off TV ON/OFF / POWER
application

KEY_ SLEEP Activate sleep SLEEP / SLEEP TIMER
timer

KEY_SUSPEND Put computer into  STANDBY / SUSPEND
suspend mode

Window control

KEY_CLEAR Stop sroweam and CLEAR /RESET /BOSS KEY
return to default
input video/audio

KEY_CYCLEWINDOWMinimize windows ALT-TAB / MINIMIZE / DESKTOP
and move to the
next one

KEY_FAVORITES  Open the favorites TV WALL / Favorites
sroweam window
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KEY MENU
KEY NEW

KEY OK

KEY_SCREEN

KEY_ZOOM

Navigation keys
KEY_ESC

KEY_HELP

KEY_HOMEPAGE

KEY INFO

KEY_WWW

KEY_UP
KEY_DOWN
KEY_LEFT
KEY_RIGHT
Miscellaneous
keys

KEY_DOT
KEY_FN

Call application
menu

Open/Close Picture

in Picture
Send a

confirmation code

to application
Select screen
aspect ratio

Put device into
zoom/full screen
mode

Cancel current
operation

Open a Help
window
Navigate to
Homepage
Open On Screen
Display

Open the default
browser

Up key

Down key

Left key

Right key

Return a dot
Select a function
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2ND CONTROLS (USA: MENU) /
DVD/MENU / SHOW/HIDE CTRL
PIP

OK/ENTER /RETURN

4:316:9 SELECT

Z0OOM / FULL SCREEN / ZOOM+ /
HIDE PANNEL / SWITCH
CANCEL / BACK

HELP

HOME

DISPLAY INFORMATION / OSD
WEB

Up

DOWN

LEFT
RIGHT

FUNCTION

It should be noticed that, sometimes, there some fundamental missing keys at some
cheaper IR’s. Due to that, it is recommended to:

Table 17-2. Notes

On simpler IR’s, without separate channel keys, you need to map UP as

KEY_CHANNELUP

On simpler IR’s, without separate channel keys, you need to map DOWN as

KEY_CHANNELDOWN
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On simpler IR’s, without separate volume keys, you need to map LEFT as
KEY_VOLUMEDOWN

On simpler IR’s, without separate volume keys, you need to map RIGHT as
KEY_VOLUMEUP

17.2. Changing default Remote Controller
mappings

The event interface provides two ioctls to be used against the /dev/input/event
device, to allow changing the default keymapping.

This program demonstrates how to replace the keymap tables.

/* keytable.c - This program allows checking/replacing keys at IR
Copyright (C) 2006-2009 Mauro Carvalho Chehab <mchehab@infradead.org>

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, version 2 of the License.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

*/

finclude <ctype.h>
#include <errno.h>
#include <fcntl.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <linux/input.h>
#include <sys/ioctl.h>

#include "parse.h"
void prtcode (int =codes)
{

struct parse_key =*p;

for (p=keynames;p->name!=NULL;p++) {
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if (p—>vmdhae== dtunsodredyrddes [NULL{ 0);
pfineftfieorancode 0x%04x = %$s (0x%02x)\n", codes|[O0
return; perror ("value");

codes [0] = (unsigned) strtol (argv([2], NULL, O0);
if (isprcodegcoddésfliuhsigned) value;

printf ("scancode %d = ’'%c’ (0x%02x)\n", codes[0], codes|[1
else if (ioctl (fd, EVIOCSKEYCODE, codes))

printf ("peancodd"BUISCBKBUCRNE") ; codes [0], codes[1]);

if (ioctl (fd, EVIOCGKEYCODE, codes)==0)
int parse_code (char *strpmgfode (codes);
{ return O;
$truct parse_key *p;

for (dpgkeylamés; p—>name ! =NULL; p++) {
FILE!sfioasecmp (p->name, string))
int valuegturn p->value;
¢har *scancode, xkeycode, s[2048];
}
return -fin=fopen(argv([2],"r");
} if (fin==NULL) {
perror ("opening keycode file");
int main (int argc, charredugwm[t];
{ }
int fd;
unsigned/in€learg;old table x/
int codesdz] (] = 0; J < 256; J++) |
for (1 = 0; 1 < 256; i++) {
if (argc<2 || argc>4) { codes[0] = (J << 8) | 1i;
printf ("usage: &oded¢¥lce>KE®_BEBBERUBDg; or\n"
" $ockdldvdeeBVIOCSKEYAODE skepdedey \n"
i %s <device> <keycode_file>\n", xargv, xargv,
¥eturn -1;

while (fgets(s,sizeof(s),fin)) {
if ((fd = open (asgahtddeEsRPONKYE) "XnQf £:");
perror ("€ouldrthancopda) ifput device");
(-

return(-1); perror ("parsing input file scancode");
} return -1;
}
if (argc==4) { 1if (!strcasecmp(scancode, "scancode")) {
int value; scancode = strtok (NULL,"\n\t =:");

if (!scancode) {
value=parse_code (argv[3]perror ("parsing input file scanc«
return -1;
if (value==-1) {}

565



Chapter 17. Remote Controllers

17.3. LIRC Device Interface

keycode=strtok (NULL, "\n\t =:(");
- if
17.3.1. Introduction

('keycode) {
perror ("parsing input file keycode");

. . . . t -1; .
The LIRC device interface is a bi-directional interface for transporting raw IR data
between userspace and kernelspace. Fundamentally, it is just a chardev (/dev/lircX,
for X =0, 1, 2, ...), with a number of standard struct file gperations defined o0k 1oy code ;
With respect to transporting raw ngciaég 11;)% and fro, él%e( E%%?BEGIJOPS are read, write

and ioctl. // printf ("\tvalue=%d\n",value);
Example dmesg output upon a driver registering w/LIRC:
if (value==-1) {
value = strtol (keycode, NULL, O0);

if (errno)
lirc_dev: IR Remote Control driver registered, major 248 e rror ("value") ;

$ dmesg Igrep lirc_dev

rc rcQ: lirc_dev: driver ir—lirc—codéc (mceusb) registered at minor =0

What you should see for a chardevides [0] = (unsigned) strtol (scancode, NULL, 0);

codes [1l] = (unsigned) value;
$ Is -1 /dev/lirc*
cnvﬁwhn—1Iootnxn248,OJulfﬁl§6%ﬁ§ﬁé&}t%o4X:%O4X\n"'COdes[O]' codes[1]);
if (ioctl (fd, EVIOCSKEYCODE, codes)) {
fprintf (stderr, "Setting scancode 0x%04x
perror ("EVIOCSKEYCODE");

17.3.2. LIRC read fop

The lircd userspace daemon readsfrawolR datadromvthe ddRCY chardev.chheexact0)
format of the data depends on what modes @ driversuppoitss and what mode has
been selected. lircd obtains supported modes and sets the active mode via the ioctl
interface, detailed at Seetionrl 03.4. The generally preferred mode is
LIRC_MODE_MODE?2, in which packets containing an int value describing an IR

signal are read from the chardev.
/* Get scancode table x/

See also htigs#wwwlirg.org/htmp/technical html for more info.
for (1 = 0; 1 < 256; 1i++) {
codes[0] = (7 << 8) | 1i;
if (!ioctl (fd, EVIOCGKEYCODE, codes) && codes[1]

17.3.3. LIRC write fop prtcode (codes) ;
}

The data written to the chardev is a pulse/space sequence of integer values. Pulses
and spacesase oply marked implicitly by their position. The data must start and end
with a pulse, therefore, the data must always include an uneven number of samples.
The write function must block until the data has been transmitted by the hardware.
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1R3aAT MIRC o ctMap T

The IS8C 5ises Bova igHRAbHTBL AL 537HR e Ao deis Rt AR SF S e
ﬁle_jf?ﬁ%@z forvdens Yt Fhinsimbaplited indea innibabi Raignal is
unsigRIE RS RS GR SRgestaR e epoding ProctsoREIITY A iBtsess Kug yith

64-birg}%ﬂ@ggie;am%afwgﬁ%ai%mﬁﬁﬁ.sﬁnste§.et- Some devices have a fixed

timeout, in that case both ioctls will return the same value even though the

The fgllewinrgiantls E@%ll?gn‘é%?ﬂ to change specific hardware settings. In general

each driver should have a default set of settings. The driver implementation is

EARCtGRT roviiN yAle dFTAMER i PESIYSIES PiCieyice is closed by user-space, so

that every agpli,cation opening ftlhe device can rely on working with the default
. Some devices are able to filter out spikes in"the incoming signal using given
settmf%s mitially.

ter rules. These ioctls return the hardware capabilities that describe the
bounds of the possible filters. Filter settings depend on the IR protocols that
LIR%Q&%@E%TME@&rives the settings from all protocols definitions found in

@%m}@]fet the underlying hardware device’s features. If a driver does not
announce support of certain features, calling of the corresponding ioctls is
NGTH . poncine

LIRGridblndd®

Retrieves the code length in bits (only for LIRC_MODE_LIRCCODE). Reads
LIRG{(FRd a8 HENDaMORE one in blocks matching the bit count. The bit could

ehaudphreunded ynisorbat ionpcher WlMPE_PULSE is supported by

lircd.
LIRC_SET_{SEND,REC}_MODE

LIRG G BT dREG M QR Largely obsolete for send, as only

ERGupY6HeE 1B Es S8PIORBALIRC_MODE_MODE2 and

LIRC_MODE_LIRCCODE are supported by lircd.
LIRC_SET_{SEND,REC}_CARRIER

LIRCG{iEhaeliR < ARRIFR H).

Get carrier frequency (in Hz) currently used for transmit.
LIRC_SET_TRANSMITTER_MASK

LIRGPhCI}ana%l%gﬂ%%Fs%t of transmitters. The first transmitter is encoded by
Betleasti sigfiredemmichitie tlz)\hanemnl intsbid foit IRakcispgiorn, i.e. a bit is set,
even though the device does not have so many transitters, then this ioctl returns

LIRGh¢ @uim Bdr diSHNIMRE ¢anEMEFYad ok Fnothing otherwise.
LIR &%‘@ft ﬁﬁ 8%&}/&3 om 0 to 100) of the carrier signal. Currently, no

special meaning 1s defined for O or 100, but this could be used to switch off

Satsithg emegeiomlnahorfiRirsast hystemaloes Hould be reserved.

LIRC_GET_MIN_TIMEOUT and LIRC_GET_MAX_TIMEOUT). A value
LIRGfGE] RpporRdH9IAEHENVare) disables all hardware timeouts and data

Sl bectsreTisdsaemanPRstRltol heieKastdalte s Bk o stk s
SRS YNSRI ALTE, TP IS SN N SDRMI 0% kty be

LIRC eg%({,eckig gwgéﬁ%nﬁﬁtlg stll:gis integer value is used by lircd to
Yy adj

automatica ust the aeps tolerance value in the lircd config file.
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568

Hisabled by sodisalbly ¢ disablauc aopertepoitiRG yM O 1okl MO} E2dBlyand
dadtanler twheleut aaper tepbotsldrbattive dvalffdo nothing.
LIRC_SET_REC_FILTER_{,PULSE,SPACE}

Pulses/spaces shorter than this are filtered out by hardware. If filters cannot be

set independently for pulse/space, the corresponding ioctls must return an error

and LIRC_SET REC_FILTER shall be used instead.
LIRC_SET_MEASURE_CARRIER_MODE

Enable (1)/disable (0) measure mode. If enabled, from the next key press on,
the driver will send LIRC_MODE2_FREQUENCY packets. By default this
should be turned off.

LIRC_SET_REC_{DUTY_CYCLE,CARRIER}_RANGE

To set a range use

LIRC_SET_REC_DUTY_CYCLE_RANGE/LIRC_SET_REC_CARRIER_RANGE

with the lower bound first and later
LIRC_SET REC _DUTY_CYCLE/LIRC_SET REC_CARRIER with the
upper bound.

LIRC_NOTIFY_DECODE

This ioctl is called by lircd whenever a successful decoding of an incoming IR
signal could be done. This can be used by supporting hardware to give visual
feedback to the user e.g. by flashing a LED.

LIRC_SETUP_{START,END}

Setting of several driver parameters can be optimized by encapsulating the
according ioctl calls with LIRC_SETUP_START/LIRC_SETUP_END. When
a driver receives a LIRC_SETUP_START ioctl it can choose to not commit
further setting changes to the hardware until a LIRC_SETUP_END is received.
But this is open to the driver implementation and every driver must also handle
parameter changes which are not encapsulated by LIRC_SETUP_START and
LIRC_SETUP_END. Drivers can also choose to ignore these ioctls.

LIRC_SET_WIDEBAND_RECEIVER

Some receivers are equipped with special wide band receiver which is intended
to be used to learn output of existing remote. Calling that ioctl with (1) will
enable it, and with (0) disable it. This might be useful of receivers that have
otherwise narrow band receiver that prevents them to be used with some
remotes. Wide band receiver might also be more precise On the other hand its
disadvantage it usually reduced range of reception. Note: wide band receiver
might be implictly enabled if you enable carrier reports. In that case it will be
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Chapter 18. Media Controller

18.1.

18.2.

Introduction

Media devices increasingly handle multiple related functions. Many USB cameras
include microphones, video capture hardware can also output video, or SoC camera
interfaces also perform memory-to-memory operations similar to video codecs.

Independent functions, even when implemented in the same hardware, can be
modelled as separate devices. A USB camera with a microphone will be presented
to userspace applications as V4L2 and ALSA capture devices. The devices’
relationships (when using a webcam, end-users shouldn’t have to manually select
the associated USB microphone), while not made available directly to applications
by the drivers, can usually be retrieved from sysfs.

With more and more advanced SoC devices being introduced, the current approach
will not scale. Device topologies are getting increasingly complex and can’t always
be represented by a tree structure. Hardware blocks are shared between different
functions, creating dependencies between seemingly unrelated devices.

Kernel abstraction APIs such as V4L2 and ALSA provide means for applications to
access hardware parameters. As newer hardware expose an increasingly high
number of those parameters, drivers need to guess what applications really require
based on limited information, thereby implementing policies that belong to
userspace.

The media controller API aims at solving those problems.

Media device model

Discovering a device internal topology, and configuring it at runtime, is one of the
goals of the media controller API. To achieve this, hardware devices are modelled
as an oriented graph of building blocks called entities connected through pads.
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An entity is a basic media hardware or software building block. It can correspond to
a large variety of logical blocks such as physical hardware devices (CMOS sensor
for instance), logical hardware devices (a building block in a System-on-Chip image
processing pipeline), DMA channels or physical connectors.

A pad is a connection endpoint through which an entity can interact with other
entities. Data (not restricted to video) produced by an entity flows from the entity’s
output to one or more entity inputs. Pads should not be confused with physical pins
at chip boundaries.

A link is a point-to-point oriented connection between two pads, either on the same
entity or on different entities. Data flows from a source pad to a sink pad.
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media open()

Name

media-open — Open a media device

Synopsis

#include <fcntl.h>
int open(const char xdevice_name, int flags);

Arguments

device_name

Device to be opened.

flags

Open flags. Access mode must be either O_RDONLY or O_RDWR. Other flags
have no effect.

Description

To open a media device applications call open () with the desired device name. The
function has no side effects; the device configuration remain unchanged.

When the device is opened in read-only mode, attemps to modify its configuration
will result in an error, and errno will be set to EBADEF.
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Redumérdhie

open returns the new file descriptor on success. On error, -1 is returned, and errno
is%et appropriately. Possible error codes are:

File descriptor returned by open ().

EACCES

The requested access to the file is not allowed.

Description
EMFILE
Closes the media device. Resources associated with the file descriptor are freed.

The deRGARIE6RTTAESAIN Ranths mramgaynumber of files open.

ENFILE

R e.ﬁherﬁs% 'Hlé on the total number of open files has been reached.

ENQMEM s 0 on success. On error, -1 is returned, and errno is set appropriately.
Possihlg gHokapdesiEmemory was available.

ERXHY
No gegag%g%ﬁsggggiﬂ%t&%&%@ce special file exists.

media rdesae))
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Name

media=cbeee — Elnies masiaideddcsce

Synopsis

#inelude <spigtidehX.h>
int ¢des& (int £d);int request, void =*argp);
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Arguments

The request or the data pointed to by argp is not valid. This is a very
£4 common error code, see the individual ioctl requests listed in Appendix F for

actual causes.
File descriptor returned by open ().

ENOMEM

request . .
Insufficient kernel memory was available to complete the request.

Media ioctl request code as defined in the media.h header file, for example
ENOMEDIA_IOC_SETUP_LINK.

£d is not associated with a character special device.
argp

Pointer to a request-specific structure.

MEBHAid@C_DEVICE_INFO

The ioct1 () function manipulates media device parameters. The argument fd
st be an open file descriptor.

ame

The ioctl request code specifies the media function to be called. It has encoded in
MEdhbthef Qe REMAGHE ISTAF W put, Quepnidsy ieadnkaimgi@imeter, and the size of

the argument argp in bytes.

S i gictures definitions specifying media ioctl requests and their
pafameters are located in the media.h header file. All media ioctl requests, their
respective function and parameters are specified in Appendix F.

int ioctl (int fd, int request, struct media_device_info
*argp) ;

Return Value

ioctl () returns O on success. On failure, -1 is returned, and the errno variable is
t@q&ﬁﬁ‘éﬂ eneric error codes are listed below, and request-specific error
codey are listed 1n the individual requests descriptions.

When an ioctl that takes an output or read/write parameter fails, the parameter

remains unmodified.
File descriptor returned by open ().

EBAIDEt
MERRt IQGLPEYE eI ptor.

EFAULT

argp references an inaccessible memory area.

575



Appendix F. Function Reference

Description

All media devices must support the MEDIA_IOC_DEVICE_INFO ioctl. To query
device information, applications call the ioctl with a pointer to a

struct media_device_info. The driver fills the structure and returns the information
to the application. The ioctl never fails.

Table F-1. struct media_device_info

char

char

char

char

_—u32

_u32

_u32

_u32

driver[16]

model[32]

seriall40]

bus_infol[32]

media_version

hw_revision

media version

reserved[31]

Name of the driver implementing the
media API as a NUL-terminated ASCII
string. The driver version is stored in
the driver version field.

Driver specific applications can use this
information to verify the driver identity.
It is also useful to work around known
bugs, or to identify drivers in error
reports.

Device model name as a
NUL-terminated UTF-8 string. The
device version is stored in the

device version field and is not be
appended to the model name.

Serial number as a NUL-terminated
ASCII string.

Location of the device in the system as a
NUL-terminated ASCII string. This
includes the bus type name (PCI, USB,
...) and a bus-specific identifier.

Media API version, formatted with the
KERNEL_VERSION () macro.
Hardware device revision in a
driver-specific format.

Media device driver version, formatted
with the KERNEIL_VERSION () macro.
Together with the driver field this
identifies a particular driver.

Reserved for future extensions. Drivers
and applications must set this array to
Zero.

The serial and bus_info fields can be used to distinguish between multiple
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instances of otherwise identical hardware. The serial number takes precedence
when provided and can be assumed to be unique. If the serial number is an empty
string, the bus_info field can be used instead. The bus_info field is guaranteed
to be unique, but can vary across reboots or device unplug/replug.

Return value

This function doesn’t return specific error codes.

MEDIA_IOC_ENUM_ENTITIES

Name

MEDIA_TIOC_ENUM_ENTITIES — Enumerate entities and their properties
Synopsis

int ioctl (int fd, int request, struct media_entity_desc
*argp) ;

Arguments

£d

File descriptor returned by open ().

request

MEDIA_IOC_ENUM_ENTITIES

argp

Description

To query the attributes of an entity, applications set the id field of a

struct media_entity_desc structure and call the MEDIA_IOC_ENUM_ENTITIES””
ioctl with a pointer to this structure. The driver fills the rest of the structure or
returns an EINVAL error code when the id is invalid.
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_u32

_u32

_u32

_ul6

__ul6

union

revision

flags

group_id

pads

links

struct v41l

_u32 major

_u32 minor

Entity revision
ina
driver/hardware
specific format.

Entity flags,
see Table F-3
for details.
Entity group
ID

Number of
pads

Total number
of outbound
links. Inbound
links are not
counted in this
field.

Valid for V4L
sub-devices
and nodes only.

V4L device
node major
number. For
V4L
sub-devices
with no device
node, set by
the driver to 0.
V4L device
node minor
number. For
V4L
sub-devices
with no device
node, set by
the driver to 0.



struct b

_u32

_u32

struct alsa

_u32

_u32

_u32

int dvb

_u8

Table F-2. Media entity types

MEDIA_ENT_T_DEVNODE
MEDIA_ENT_T_DEVNODE_V4L
MEDIA_ENT_T_DEVNODE_FB
MEDIA_ENT_T_DEVNODE_ALSA
MEDIA_ENT_T_DEVNODE_DVB
MEDIA_ENT_T_V4L2_SUBDEV
MEDIA_ENT_T_V4L2_SUBDEV_SENSOR

MEDIA_ENT_T_ V4L2_SUBDEV_FLASH
MEDIA_ENT_T_V4L2_SUBDEV_LENS

Table F-3. Media entity flags

Appendix F. Function Reference

Valid for frame
buffer nodes
only.

Frame buffer
device node
major number.

major

Frame buffer
device node
minor number.
Valid for
ALSA devices
only.

ALSA card
number
ALSA device
number
ALSA
sub-device
number

DVB card
number

minor

card

device

subdevice

raw[180]

Unknown device node

V4L video, radio or vbi device node
Frame buffer device node

ALSA card

DVB card

Unknown V4L sub-device

Video sensor

Flash controller
Lens controller
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MEDIA_ENT_FL_DEFAULT Default entity for its type. Used to
discover the default audio, VBI and
video devices, the default camera sensor,

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct media_entity_desc id references a non-existing entity.

MEDIA_IOC_ENUM_LINKS

Name

MEDIA_TOC_ENUM_LINKS — Enumerate all pads and links for a given entity

Synopsis

int ioctl (int fd, int request, struct media_links_enum *xargp);

Arguments

£d

File descriptor returned by open ().

request

MEDIA_IOC_ENUM_LINKS
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argp

Description

To enumerate pads and/or links for a given entity, applications set the entity field of
a struct media_links_enum structure and initialize the struct media_pad_desc and
struct media_link_desc structure arrays pointed by the pads and 1inks fields. They
then call the MEDIA_IOC_ENUM_LINKS ioctl with a pointer to this structure.

If the pads field is not NULL, the driver fills the pads array with information about
the entity’s pads. The array must have enough room to store all the entity’s pads.
The number of pads can be retrieved with the MEDIA_TOC_ENUM_ENTITIES ioctl.

If the 1inks field is not NULL, the driver fills the 1inks array with information
about the entity’s outbound links. The array must have enough room to store all the
entity’s outbound links. The number of outbound links can be retrieved with the
MEDIA_IOC_ENUM_ENTITIES ioctl.

Only forward links that originate at one of the entity’s source pads are returned
during the enumeration process.

Table F-1. struct media_links enum

_u32 entity Entity id, set by the application.

struct struct me- *pads Pointer to a pads array allocated by the
dia_pad_desc application. Ignored if NULL.

struct struct me- *1inks Pointer to a links array allocated by the
dia_link_desc application. Ignored if NULL.

Table F-2. struct media_pad_desc

_u32 entity ID of the entity this pad belongs to.
_ulé6 index 0-based pad index.
_u32 flags Pad flags, see Table F-3 for more details.

Table F-3. Media pad flags
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MEDIA_ PAD_FL_SINK

MEDIA_ PAD_FL_SOURCE

Table F-4. struct media_links_desc

struct struct me- source
dia_pad_desc

struct struct me- sink
dia_pad_desc

_u32 flags

Table F-5. Media link flags

MEDIA_LNK_FI, ENABLED

MEDIA LNK_FL_TIMMUTABLE

MEDIA_LNK_FI, DYNAMIC

Input pad, relative to the entity. Input
pads sink data and are targets of links.
Output pad, relative to the entity. Output
pads source data and are origins of links.

Pad at the origin of this link.

Pad at the target of this link.

Link flags, see Table F-5 for more
details.

The link is enabled and can be used to
transfer media data. When two or more
links target a sink pad, only one of them
can be enabled at a time.

The link enabled state can’t be modified
at runtime. An immutable link is always
enabled.

The link enabled state can be modified
during streaming. This flag is set by
drivers and is read-only for applications.

One and only one of MEDIA_PAD_FL_SINK and MEDIA_PAD_FI,_ SOURCE must be

set for every pad.

Return Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

EINVAL

The struct media_links_enum id references a non-existing entity.
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Link configuration has no side effect on other links. If an enabled link at the sink
pad prevents the link from being enabled, the driver returns with an EBUSY error
code.

ioctl MEDRIA QG SEF P N cnabled/disabled while

streaming media data. Attempting to enable or disable a streaming non-dynamic
link will return an EBUSY error code.

If the specified link can’t be found the driver returns with an EINVAL error code.
Name

]&D IA_ I O(VS?TUP_LINK — Modify the properties of a link
eturn Value

On success 0 is returned, on error -1 and the errno variable is set appropriately:

Synopsis

EBUSY

int TBEHRk proparyies can't be changed because the link is cuprendy bugy, This.
can be caused, for instance, by an active media stream (audio or video) on the
link. The ioctl shouldn’t be retried if no other action is performed before to fix
the problem.

EINVAL

Ar nts. .. L .

%emr%ct rtnsedla_hnk_desc references a non-existing link, or the link is
immutable and an attempt to modify its configuration was made.

fd

File descriptor returned by open ().

request

MEDIA_IOC_SETUP_LINK

argp

Description

To change link properties applications fill a struct media_link_desc with link
identification information (source and sink pad) and the new requested link flags.
They then call the MEDIA_IOC_SETUP_LINK ioctl with a pointer to that
structure.

The only configurable property is the ENABLED link flag to enable/disable a link.
Links marked with the TMMUTABLE link flag can not be enabled or disabled.
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Documentation License

G.1. 0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other written
document “free” in the sense of freedom: to assure everyone the effective freedom
to copy and redistribute it, with or without modifying it, either commercially or
noncommercially. Secondarily, this License preserves for the author and publisher a
way to get credit for their work, while not being considered responsible for
modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software,
because free software needs free documentation: a free program should come with
manuals providing the same freedoms that the software does. But this License is not
limited to software manuals; it can be used for any textual work, regardless of
subject matter or whether it is published as a printed book. We recommend this
License principally for works whose purpose is instruction or reference.

G.2. 1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work that contains a notice placed by
the copyright holder saying it can be distributed under the terms of this License.
The “Document”, below, refers to any such manual or work. Any member of the
public is a licensee, and is addressed as “you”.

A “Modified Version” of the Document means any work containing the Document
or a portion of it, either copied verbatim, or with modifications and/or translated
into another language.

A “Secondary Section” is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or authors of
the Document to the Document’s overall subject (or to related matters) and contains
nothing that could fall directly within that overall subject. (For example, if the
Document is in part a textbook of mathematics, a Secondary Section may not
explain any mathematics.) The relationship could be a matter of historical
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tonoepiesn Withitl stuibyett atargthaiedatgd mattbes, off afpliegay.ocomuserdsad, follow
filosngitioals athseation Bolitical position regarding them.

Thu Ninyazlant SedttopsEsanencantahe SevonmdmyiSeoti otatevhalsevitlendryou may
gebilzobitet spkayeinpitisose of Invariant Sections, in the notice that says that the
Document is released under this License.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover

G 4. g‘iXtCG?YiﬁéxTNl taﬂﬁNaTSIiTYat the Document is released

under this License.

K yovapuphisthpriodpd eFrigs PoberRagumentisimhsHne nokeBiandpy), and the
Roscupaiid iHoepoemAtich 88 Unes iGONEH T G v HPAbIRUS GRCUSRERE SOPIRS Whose
esxeshihah s ey kvl nand el ebdhess L ovab ey AroR o Yo ReXs Rkt
tasdbiend cavimad Badfpoven Seypixels sheehask GRYRE BPORLAYYS Mstalangs)
siaad yaadiiegiblaleniHnyey aditbs aublither ofuhatacomishphbeoftert cover
ropstRresent tg fulldatiaivithdlaverdtoof tagibtlesrrepiharronasit fidinptibls-
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I dhseen @S telPRE AswRRYORIERRIYE R B b tha Docmmat alsptishndhese not
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HEdhs pravisedussbidaneithes fovetaisaRYotominoniadi pesibix st shenldiput
theditys onssififted pit rermassLimeRsehlydpiaths enel soxavrndspnginue the
fﬁ%l‘?&?@\diﬁ%‘l’é PRER; and standard-conforming simple HTML designed for
Iepangusdificatignqhaguofagmatopieide e sudinhe R SRS S AR0 FoTimas
s Gpeubmiged rRdraditashien! nhv preRretany W arh REpsEsO o Py kLR AV HadRr
BpicutheoRy Braadien RceAtnEAP D pAg ROt SpYT P R¥ N LabIG apsi¢he
BanpineresaaidadiBebUn Rnduash SY omp M TRIGSIRAE E8p P WiPtHdPurposes

PY¥ument, free of added material, which the general network-using public has

qieesrindpagload aprnysorshmt apshrrand e prlisndand stk Pfowing
pratacels, H xouuse hadi e omignom mushiakesraseneb i pndsnb sipptar fien
AR REE RIS BRI RAGHS RORIGE I ABE RO SR T oty Tt paret
PABY WHLARIHE (husisheiiiisodt (o siaed dappiamHeE brAN aReEaE after
Predaiinne BUAMITHY BT e BRAAPGaRYédtrectly or through your agents or

retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well
before redistributin.ﬁ_an& lalré number of copies, to give them a chance to provide

G.3. 2. VERBA QPYIN

You may copy and distribute the Document in any medium, either commercially or
noncommercially, provided that this License, the copyright notices, and the license
G . 5_ 40_ticN|®@l1F I@#FI@NSW, Document are reproduced in all copies, and
that you add no other conditions whatsoever to those of this License. You may not
Yortacdy woh yread uhstributb sirModifiedn Vedsiba rfathia Poctmentrioogeri tigeof the
copitisigos ot ske ook rahdt8. Howeyvproyudedthatyoepteloaspahsatidifiekchange
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included in the Modified Version.
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éeer review or that the text has been approved by an organization as the
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ot gnot er;. uthe(ﬁoc e%g%? age the old one, on explicit perm1s51on from

over exts given’in 1cense notice:
the previous publisher that added the old one.

» H. Include an unaltered copy of this License. o )
The author(s) and publisher(s) of the Document do not by this License give

Delnbisisie & setioRaREd sk Pl taPd it e st 28th19 dndtditeMent of
an§tW8iﬁElF%El?8ﬁiﬂe’ year, new authors, and publisher of the Modified Version

as given on the Title Page. If there is no section entitled “History” in the
Document, create one stating the title, year, authors, and publisher of the
Document as given on its Title Page, then add an item describing the Modified

G.6. 5.-CGOMBINING DOCUYMENTS
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G _9_ glgqﬁRlA(N@E)AEFl@lN section if known, or else a unique number. Make

the same adjustment to the section titles in the list of Invariant Sections in the

reshstnetss obibrepmbingdd e nodification, so you may distribute translations

e Document under the terms qf.section 4. lacing, I 1ant Sections with
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provided that you also include the orlgmal Enghsh version of this License. In case

of a disagreement between the translation and the original English version of this

License, the original English version will prevail.

G.7. 6. COLLECTIONS OF DOCUMENTS
G _1 O_Y‘g _m?‘rE"ﬁ NHINAWNﬁg of the Document and other documents

released under this License, and replace the individual copies of this License in the
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ey oievdlg ’f’B%e&n%feﬁhﬂﬁl{*fF&%%gorAn%? 2R SARYIPRSIES! flddy,
91?8}%8%%‘%%9 o (ﬂlt?tgﬁ{erﬁ%g §58cument is void, and will automatically terminate your

g tugdsrhis Lisrnie-ddeusyst Raricuehg 1@‘8}1%588?1”5&?8%81@&51%1“5
RO M ISl $Hr o Sl PSS rvey BTN ERM S Sl BRIt Sediagints vl
8%{&%%581&82:%%%{” SRMBHAY Shis License in all other respects regarding verbatim

copying of that document.

G.11. 10. FUTURE REVISIONS OF THIS
RGENFKGGREGATION WITH INDEPENDENT

WO J $ree Software Foundation (http://www.gnu.org/fsf/fsf.html) may publish new,
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G.12. Addendum

To use this License in a document you have written, include a copy of the License
in the document and put the following copyright and license notices just after the
title page:

Copyright © YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document under the terms
of the GNU Free Documentation License, Version 1.1 or any later version published by
the Free Software Foundation; with the Invariant Sections being LIST THEIR TITLES,
with the Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST. A
copy of the license is included in the section entitled “GNU Free Documentation
License”.

If you have no Invariant Sections, write “with no Invariant Sections” instead of
saying which ones are invariant. If you have no Front-Cover Texts, write “no
Front-Cover Texts” instead of “Front-Cover Texts being LIST”; likewise for
Back-Cover Texts.

If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software license, such
as the GNU General Public License (http://www.gnu.org/copyleft/gpl.html), to
permit their use in free software.
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