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Hello!

And welcome...

I'm Umang Jain

- Desktop turned Embedded developer

- Contributor to GNOME, OSTree, flatpak and immutable OSes
- Embedded, upstream linux-media and libcamera these days...
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e This talk references many external projects, packages, and software.
e Alllogos, trademarks, and other identifying marks belong to their respective owners.

® [n many places I'm talking about work that /other/ people have done or contributed
o No intention or desire to take credit for their work

\ Legalese...
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Capture
/dev/video0

In the beginning were
simple pipelines...

V4L2 Goes Embedded



... and they were
simple to control,
with a single API.
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\ V4L2 Goes Embedded



Then the world became complex
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Cameras are Complex




Raspberry Pi Autofocus Camera Module v3

https://www.raspberrypi.com/app/uploads/2023/01/FOR-DEVELOPERS-800x533.jpg

\ Cameras are Complex
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But it doesn’t scale



GStreamer Source

V4L2 Compat

Android Camera HAL

..................... N
|
Adaptation GstLibcameraSrc | | | o | | I | CameraHALManager | | CameraDevice | |
..................... \ e T e T e e
....................... I
|| e F
....................... |
( N\
IPA Proxy Worker - Sandboxed IPAGIPC . ACWEPipelineHandler - _ . _._. -
I . .
IPA Module IPAZIPC . | IPAModule | PipelineHandler | 1
I .
: IPC : : I ACMECamera _ ., _ .1
o " " IPAProxy - .
Pipeline | : I 1
. Camera N

ACME Algorithms 1 Serializer 1 1 IP I

- . . I I
. IPAInterface |
1 | ! :
A \b—r—— ) I .

Proprietary

|
i | CameraData | i
. |

1
| .
. I_I Stream | ! I

Vo e L pE
Camera Sensor Configuration Requests
_____________ e R T I Rt N TS TT IS
_{ \ . | CameraConfiguration ” PixelFormat | 1 | Request | I . | Control | .
| 1! | | 1| 1
| Camera ) | StreamConfigurati ” g | o | FrameBuffer | - | ControlValue | )
1| sensor I 1 | I |
. Info " . 1 O .
1 1 StreamRole Geometry 1 FrameMetaData 1 ControlList |
N Ci S N s mm s Em s Em s Em s Em e Em e EmsemeEms e -— e = mm o= - — - - - - - —
Core 1 s:""'se: lvarL2 & Mmc Events & I/0
i Factory || I e e ;
. . | VaL2VideoDevice ” VA4L2SubDevice | 1. Thread ” EventDispatcher |
| o

! Camera I . . o
i Sensor 11 | VaL2Format ” VaL2BufferCache | B | Message ” EventNotifier | 1
I 1 | | MediaDevice ” MediaEntity | I | | Signal ” Timer | I
g e —— - ) N e = s mm s mm s mm s mm s mm s mm o mm s s omms o= —— e e T e Ed
Camera Sensor Drivers ACME Camera Drivers
( o al
. | . I
I ov.... XgS.... I | I

Kernel 1 . 1 .
. | . |
I iDi- . | .
i e . |

ccs

1 1 .
. ) . )

varware | ) ) ) ) ) ]

libcamera fills that gap




GStreamer Source V4L2 Compat Android Camera HAL

..................... N B e
I | I
Adaptation . GstLibcameraSrc || |I | |I | CameraHALManager || CameraDevice || |I
..................... \ e T e T e e
Camera Manager
e I
e Lo |
- ~ e e e e e !
IPA Proxy Worker - Sandboxed IPA & IPC ACMEPipelineHandler
......... . e S e e e
1 . 4 .
IPA Module IPAZIPC | IPAModule | . | PipelineHandler | 1
I .

1 .
. IPC . . D | - ACMECamera ACMECamera |
rox — === —tm === .
Pipeline I ! ! i oh | :

! 1
. | Camera | I

. - . Camera | . .
ACME Algorithms | Serializer 1 . | [ 1
- . . . . . !
Proprietary 1 1 1 h | CameraData | I | | CameraData | I .
1 1 . L P 1 P
. . Stream | . Stream | I
\ L] ) = N
Camera Sensor Configuration Controls
_____________ PR | e
_{ \ . | CameraConfiguration ” PixelFormat | 1 . | Request | I . | Control | .
1 . | 1|l 1
I I (I .
| Camera i | StreamConfi i ” g | . | | FrameBuffer | " | ControlValue | .
| sensor [ 1 | I |
. Info ) . | - R .
| ] StreamRole Geometry 1 FrameMetaData 1 ControlList |
N Ci S N s mm s Em s Em s Em s Em e Em e EmsemeEms e -— e = mm o= - - - - - - - -
Core I oneee [ 1varz e mc Events & I/0
i Factory || I e e )
N . | V4L2VideoDevice ” V4L2SubDevice | I . Thread ” EventDispatcher | N
| o 1
! Camera I . . - )
i Sensor 11 | VAL2Format ” V4L2BufferCache | B | Message ” EventNotifier | 1
I 1 | | MediaDevice ” MediaEntity | I | | Signal ” Timer | I
— - - - - - - ) N e = s mm s mm s mm s mm s mm s mm o mm s s omms o= —— e e T e -

libcamera
An open source camera stack and framework for Linux, Android, and ChromeOS

libcamera fills that gap
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o V4|2 started between 1998, 2002

® (onsistent APl supports many Video capture devices
o Wide support of pixel formats ...
o Same API for (existing, simple) Cameras, Digital TV DVB, Set Top Box ...

® |texists
o There hasn't been anything else at the kernel level (upstream)

e Widely used (thoroughly tested)

ot \ Everybody loves V412 *



All logos subject to copyright by their respective projects and owners, used for reference and indicative purposes only
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Multimedia and Application Frameworks Conferencing Utilities

\0? V4L2 is already used everywhere

v



® Really - they love ‘/dev/video0’

® Media Controller

©)

Entities, links, pads, format negotiation (propagation)

® Subdevices

©)

Direct control over specific internal components

o Which one do you configure?

e Multiple video nodes for a single “Camera device”

©)

@)
@)
@)

UVC - ‘Metadata video node’
CSI-2 Receiver

ISP - Statistics, Parameter Buffers, Multiple image streams
M2M Dewarper

\ Not everybody loves V4L2 *



® 3Aalgorithms need to be handled in userspace
o Crucial for RAW sensors. YUV sensors are becoming obsolete

® Laptops are now using complex cameras
© Dell, Lenovo, HP, Surface ...

e Embedded devices already use complex cameras
o OEM/ODM ... need custom solutions to manage each camera

® No portable mobile camera applications
o Mobile is dominated by Android, with mostly binary camera stacks

\ V4L2 alone isn’t enough



Many applications don't yet support
libcamera

Adding the support takes effort
O maintainers haven't expected this

C applications don't want to use C++
o People can be scared of the ++

Is it even finished yet?
o Releases, ABI stability ...

Soure: Flickr
Attribution-NoDerivs 2.0 Generic (CC BY-ND 2.0)

‘0‘3%‘3‘: But ... now there’s a new API to use
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Gstlibcamerasrc brings the whole GStreamer ecosystem to libcamera devices:
® Encoding/Streaming
e Composing /[ Mixing

e Audio

Camera Viewer

gst-launch-1.0 libcamerasrc ! 'video/x-raw,width=1280,height=720"'! glimagesink

JPEG Network streamer

gst-launch-1.0 libcamerasrc !\
video/x-raw,colorimetry=bt709,format=NV12,width=1280,height=720,framerate=30/1"!\
jpegenc ! multipartmux !\
tcpserversink host=0.0.0.0 port=5000

JPEG Network Receiver

gst-launch-1.0 tcpclientsrc host=SDEVICE_IP port=5000 !\
multipartdemux ! jpegdec ! autovideosink

\ libcamera provides a GStreamer element



#l/usr/bin/python3

. # Capture a JPEG while still running in the preview mode. When you
o FeW users l|ke C++ # capture to a file, the return value 1s the metadata for that image.

import time

e Pythonis “friendly”
e Fastto prototype

from picamera2 import Picamera2, Preview
picam2 Picamera2()

® 'Picamera2’* S|mpl|ﬂes preview_config = picam2.create_preview_configuration(main={"size": (800, 600)})

the libcamera Python picam2.configure(preview_config)
picam2.start_preview(Preview.QTGL)
API

picam2.start()
time.sleep(2)

metadata picam2.capture_file("test.jpg")
print(metadata)

picam2.close()

* Picamera2 is the libcamera-based replacement for Picamera which was a Python interface
to the Raspberry Pi's legacy camera stack.

\ We have Python support




\ An Android HAL implementation



e | D_PRELOAD solution

o LIBCAMERA_PUBLIC int open(const char *path, int oflag, ...)
LIBCAMERA_PUBLIC int open64(const char *path, int oflag, ...)
LIBCAMERA_PUBLIC int openat(int dirfd, const char *path, int oflag, ...)
LIBCAMERA_PUBLIC int __openat_2(int dirfd, const char *path, int oflag)
LIBCAMERA_PUBLIC int openat64(int dirfd, const char *path, int oflag, ...)
LIBCAMERA_PUBLIC int dup(int oldfd)
LIBCAMERA_PUBLIC int close(int fd)
LIBCAMERA_PUBLIC void *mmap(void *addr, size_t length, int prot, int flags,

int fd, off_t offset)
LIBCAMERA_PUBLIC void *mmap64(void *addr, size_t length, int prot, int flags,
int fd, off64_t offset)

o LIBCAMERA_PUBLIC int munmap(void *addr, size_t length)

o LIBCAMERA_PUBLIC intioctl(int fd, unsigned long request, ...)
e ‘libcamerify’

o S libcamerify -d -d myV4L2Application --myArgs

O O O O 0 O O

O

\ ... and a V4L2 compatibility layer



‘QCam v0.0.0+3949-23¢98a61 : 30.52 fps

© sarompmcosensors [l w0.00:07:500 3

1280x720, input O

brightness 128, contrast 128, saturation 128, hue 0

autogain 1, gain 215, alpha 0x00

volumc 200, nutc ©

int32 0, ro_int32 39, int64 -9223372036854775808, bitmask BOOOZ000
boolean 1, menu Menu Item 3, string " "

integer_nenu 5, value 4

r

qcam x

Camera: |\_SB_.PCI0.GP13.XHC0.RHUB.PRT8-4.1:1.0-046d:085¢ ~

Location: External camera
Model:  Logitech BRIO

Ocancel | @0k |

S gcam -r gles S cam -c3 -C -S —stream pixelformat=YUYV

(Using VIMC) (Using VIVID)

As well as test applications




150  int main()

160 {
161
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&

Create a Camera Manager.

*

The Camera Manager is responsible for enumerating all the Camera
in the system, by associating Pipeline Handlers with media entities
registered in the system.

&

*

&

The CameraManager provides a list of available Cameras that
applications can operate on.

&

*

*

We use a unigque_ptr here to manage the lifetime automatically during
the scope of this function.

&

* There can only be a single CameraManager constructed within any

* process space.
v/

std: :unique_ptr<CameraManager> cm = std::make_unique<CameraManager=>();

cm->start();

I
* Just as a test, generate names of the Cameras registered in the
* gystem, and list them.
“f
for (auto const &camera : cm->cameras())
std::cout =< " - " << cameraName(camera.get()) << std::endl;

When the CameraManager is no longer to be used, it should be deleted.

* Camera

Camera are entities created by pipeline handlers, inspecting the
entities registered in the system and reported to applications
by the CameraManager.

In general terms, a Camera corresponds to a single image source
available in the system, such as an image sensor.

Application lock usage of Camera by "acquiring' them.
Once done with it, application shall similarly 'release' the Camera.

As an example, use the first available camera in the system after
making sure that at least one camera is available.

Cameras can be obtained by their ID or their index, to demonstrate

this, the fTollowing code gets the ID of the first camera; then gets
the camera associated with that ID (which is of course the same as

cm->cameras()[@]).

v/
if (cm-=cameras().empty()) {
std::cout << "No cameras were identified on the system."
<< std::endl;
cm->stop();
return EXIT_FAILURE;

std::string camerald = cm->cameras()[0]->id();
camera = cm->get(camerald);
camera-=acquire();

https://git.libcamera.org/libcamera/simple-cam.git/

0ARD
ON BORM

And a sample ‘hello world’ for the API



libcamera @libcamera - May 26
A surface go 2, running chromium browser through the gnome camera
portal, through @PipewireP , and through @libcamera !

‘ONEO Pipewire integration brings desktop use cases



XDG-Camera.Porta *
¢ @

WebRTC Jitsi Meet

Raspberry Pi

Z 2.

https://flatpak.github.io/xdg-desktop-portal/#gdbus-org.freedesktop.portal.Camera

v

Such as video conferencing through Chromium



The multimedia stack
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g Pipeiire. | Wim Taymans o, RedHat

https://blogs.gnome.org/uraeus/2021/10/01/pipewire-and-fixing-the-linux-video-capture-stack/

The Linux media stack



https://blogs.gnome.org/uraeus/2021/10/01/pipewire-and-fixing-the-linux-video-capture-stack/

Snapshot

O

Take pictures and videos

Screenshots

https://gitlab.gnome.org/Incubator/snapshot

\ snapshot: a convergent camera app


https://gitlab.gnome.org/Incubator/snapshot
https://gitlab.gnome.org/Incubator/snapshot

* Integration with xdg-portal enables flatpak support

* Application sandboxing with security checks in place

# Add the gnome-nightly repo

flatpak remote-add --user --if-not-exists gnome-nightly https://nightly.gnome.org/gnome-nightly.flatpakrepo

# Install the demo build

flatpak install --user camera-devel-aarch64.flatpak
# or

flatpak install --user camera-devel-x86.flatpak

Flatpak support



Gerrit  cHANGES ~ YOUR ~ DOCUMENTATION ~ BROWSE ~

# 261620 ~  Add pipewire/portal video capture support (0

Support for video capture through xdg-desktop-portal merged in webRTC

Change Info SHOW ALL ~

Submitted

Yesterday at 18:20
Q Michael Olbrich
@ WebRTC LUCI CQ

Owner
Uploader
Reviewers Ilya Nikolaevs...

@) Jan Grulich ) @ mark a. foltz
@ WebRTC LUCI ...
Q Mirko Bonadei
Q Magnus Flod...
@ Robert Mader

zhengzhongh...

O prer Kjellander
Q Kieran Bingham

sdk-team@ag...
Repo | Branch src | main

Hashtags wip

Add pipewire/portal video capture support

This makes it possible to access cameras through xdg-desktop-portal and
pipewire.

For pipewire, a shared state is needed between the enumeration and the
creation of camera object. So a new API is needed with a shared options
object that holds the state and can be used to choose which backend to
try.

Bug: webrtc:13177

Change-Id: Iaad2333b41ed4e6fb112f4558ea4b623e59afcbd1
Reviewed-on: http vebrtc-review.googlesource.com/c/src/+/261620
Reviewed-by: Alexander Cooper <alcoop chromium.org>
Commit-Queue: Alexander Cooper <alcooper@chromium.org>
Reviewed-by: Ilya Nikolaevskiy <ilnik@webrtc.org>
Cr-Commit-Position: refs/heads/main@{#39251}

=P e

WebRTC now supports xdg-portals!


https://webrtc-review.googlesource.com/c/src/+/261620

In a few months (?) you'll be able to access cameras from your browsers !!

m Bug 1724900 Opened 2 years ago Updated 2 months ago
Use xdg camera portal and pipewire for webcam access

* Categories

Product: Core =
Component: WebRTC »

Type: E enhancement

Prinritv: Nof set  Severitv: -

@& Chromium Gerrit CHANGES ~  DOCUMENTATION ~  BROWSE ~

3308882 ~ Video Capture Linux: add backend for portal / pipewire cameras 0

Change Info SHOWALL~  yideo capture Linux: add backend for portal / pipewire cameras
& 01 .
LR ® @ Michael Olbrich The portal camera API in combination with pipewire provides a high-level
Reviewers I.Tommi B (§ Magnus Flod... API for camera access. It makes it possible to grant access to the
» of Miguel Casas ... camera

in sandboxed environments.
» S Sergey Ulanov

» @ perkj@webrtc... » @ Zeke Chin For compatibility a fallback to the v412 backend is implemented in case
no
AND 7 MORE portal provider is found at runtime.
CC » @ mark a. foltz (...

Bug: webrtc:13177

» @ PerKjellander 3 & Alex Cooper Change-Id: 1827817e85b438fB1e0832d551cac20f8c38e026f

» @) Jan Grulich  » < Kieran Bingham

» (@ Robert Mader Comments (d&@ 11 unresolved ) ([J 67 resolved )
AND 10 MORE Checks No results

e Boﬁ‘nso )| (Near future) Access cameras from browsers



Adam Piggs’ pinhole

Fork of Sailfish OS harbour-camera

Qt/QML libcamera-based mobile camera application

Developed for the original PinePhone
* Butsince it uses libcamera it runs un-modified on the Pro

Manual controls (exposure time, brightness etc) in the Ul

\ Other notable developments: pinhole


https://github.com/piggz/harbour-pinhole

Adam Piggs’ pinhole

man 5:58 pm E[Ir= Camera - *

Maemo Leste developer rafael2k testing pinhole on the Pinephone

\ Other notable developments: pinhole


https://github.com/piggz/harbour-pinhole

Waydroid

WayDroid

Android on Wayland

AR 195 followers 69 http://waydro.id

Waydroid uses a container-based approach to
boot a full Android system on a regular
GNU/Linux system

\ Other notable developments: Waydroid



* Test ground for mobile
linux capture

* Rockchip RK3399 PinePhone Pro
by PINEG4
° Comp[ex camera With with Rockchip 3399 4GB LPDDR4 RAM

hexa-core SoC 128GB FLASH STORAGE
ISP and RAW Sensors operating at 1.5GHz 13MP MAIN CAMERA

* Supported by libcamera

" Boas And finally The PinePhone Pro...



Demo video here

129 Demo

v



Thank you!

+- +
| (o) | camera




| (o) | Cdmera

Questions?

Getting involved
https://libcamera.org/contributing.html

+-/_\-+
(o)

camera
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