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Why?

c s  /  +-----------------+
a e  |  |                 |
m n  |  |-----------------|
e s  |  |      ov5640     |
r o  |  |-----------------|
a r  |  |        0        |
     \  +-----------------+
                 |
                 v
     /  +-----------------+
     |  |        0        |
     |  |-----------------|
S i  |  |      CSI-2      |
o n  |  |-----------------|
C t  |  |        1        |
  e  |  +-----------------+
c r  |           |
a f  |           v
m a  |  +-----------------+
e c  |  |        0        |
r e  |  |-----------------|
a    |  |     scaler      |
     |  |-----------------|
     |  |        1        |
     \  +-----------------+
                 |
                 v
A    /  +-----------------+
P    |  |     capture     |
I    |  |  /dev/video0    |
     \  +-----------------+

In the beginning were 
simple pipelines...



Why?

    +---------------+
    |               |
    |    Camera     |
    |  Application  |
    |               |
    +---------------+
      ^
      |
    V |
    4 |
    L |   +----+
    2 |   |    |
      |   +----+
      |   +----+
      |   |    |
      |   +----+
      |   +----+
      \-->|    |
          +----+

… and they were 
simple to control, 
with a single API.



Why?

                               +-----------------+                       +-----------------+  +-----------------+
                               |                 |                       |                 |  |                 |
                               |-----------------|  +-----------------+  |-----------------|  |-----------------|
                               |      vm6558     |  |   CCP2 input    |  |  jt8ev1 2-0037  |  | as3645a 2-0030  |
                               |/dev/v4l-subdev11|  |   /dev/video0   |  |/dev/v4l-subdev8 |  |/dev/v4l-subdev8 |
                               |-----------------|  +-----------------+  |-----------------|  |-----------------|
                               |        0        |           |           |        0        |  |                 |
                               +-----------------+           |           +-----------------+  +-----------------+
                                        \----------------\   |                    |
                                                         v   v                    v
                                                    +-----------------+  +-----------------+
                                                    |        0        |  |        0        |
                                                    |-----------------|  |-----------------|
                                                    |      CCP2       |  |      CSI2a      |
                                                    |/dev/v4l-subdev0 |  |/dev/v4l-subdev1 |
                                                    |-----------------|  |-----------------|
                                                    |        1        |  |        1        |
                                                    +-----------------+  +-----------------+
                                                             |   /---------------/|
                                                             v   v                v
                                                    +-----------------+  +-----------------+
                                                    |        0        |  |   CSI2a output  |
          +-----------------+                       |-----------------|  |   /dev/video1   |
          |  resizer input  |                       |      CCDC       |  +-----------------+
          |   /dev/video5   |                       |/dev/v4l-subdev2 |  +-----------------+
          +-----------------+                       |-----------------|  |  preview input  |
                   |                                |    1   |   2    |  |   /dev/video3   |
                   |                                +-----------------+  +-----------------+
                   |   /----------------/----------------/   /--/  \----------\   |
                   v   v                |                    v                v   v 
          +-----------------+           |           +-----------------+  +-----------------+            +---+ Sensors & flash
          |        0        |<.         v           |        0        |  |        0        |            +---+ OMAP3 ISP
          |-----------------| | +----------------+  |-----------------|  |-----------------|            +---+ API
          |     resizer     | | |  CCDC output   |  |      AEWB       |  |     preview     |
          |/dev/v4l-subdev4 | | |  /dev/video2   |  |/dev/v4l-subdev4 |  |/dev/v4l-subdev3 |
          |-----------------| | +----------------+  |-----------------|  |-----------------|
          |        1        | |                     |                 |  |        1        |
          +-----------------+ |                     +-----------------+  +-----------------+
                   |          \-----------------------------------------------/   |
                   v                                                              v

Then the world 
became complex ...



Why?

    +-----------------+
    |                 |
    |     Camera      |
    |   Application   |
    |                 |
    +-----------------+
     ^   ^   ^   ^   ^
     |   |M  |   |   |
   /-/   |C  \-\ \   \-\
   |     |     |  |s   |
   v     v     |V |u   v 
+----+ +----+  |4 |b +----+
|    | |    |  |L |d |    |
+----+ +----+  |2 |e +----+
       +----+  |  |v +----+
       |    |<-/  /  |    |
       +----+    L   +----+
+----+        +----+ +----+
|    |        |    | |    |
+----+        +----+ +----+
+----+ +----+        +----+
|    | |    |        |    |
+----+ +----+        +----+

… and application 
developers were left 
suffering.



Why?

    +-----------------+
    |     Camera      |
    |   Application   |
    +-----------------+
    | libv4l + plugin |
    +-----------------+
     ^   ^   ^   ^   ^
     |   |M  |   |   |
   /-/   |C  \-\ \   \-\
   |     |     |  |s   |
   v     v     |V |u   v 
+----+ +----+  |4 |b +----+
|    | |    |  |L |d |    |
+----+ +----+  |2 |e +----+
       +----+  |  |v +----+
       |    |<-/  /  |    |
       +----+    L   +----+
+----+        +----+ +----+
|    |        |    | |    |
+----+        +----+ +----+
+----+ +----+        +----+
|    | |    |        |    |
+----+ +----+        +----+

Solutions were 
proposed...

… but never 
implemented.



Then hope came 
back.



   _
+-/ \-+
| (o) |
+-----+

libcamera



 a c /    +-------------+  +-------------+  +-------------+  +-------------+
 p a |    |   Native    |  |  Framework  |  |   Native    |  |   Android   |
 p t |    |    V4L2     |  | Application |  |  libcamera  |  |   Camera    |
 l i |    | Application |  | (gstreamer) |  | Application |  |  Framework  |
 i o \    +-------------+  +-------------+  +-------------+  +-------------+
   n             ^                ^                ^                ^
                 |                |                |                |
 l a             |                |                |                |
 i d             v                v                |                v
 b a /    +-------------+  +-------------+         |         +-------------+
 c p |    |    V4L2     |  |   Camera    |         |         |   Android   |
 a t |    |   Compat.   |  |  Framework  |         |         |   Camera    |
 m a |    |             |  | (gstreamer) |         |         |     HAL     |
 e t \    +-------------+  +-------------+         |         +-------------+
 r i             ^                ^                |                ^
 a o             |                |                |                |
   n             |                |                |                |
     /           |         ,................................................
     |           |         !      :            Language             :      !
 l f |           |         !      :            Bindings             :      !
 i r |           |         !      :           (optional)            :      !
 b a |           |         `...............................................'
 c m |           |                |                |                |
 a e |           |                |                |                |
 m w |           v                v                v                v
 e o |    +----------------------------------------------------------------+
 r r |    |                                                                |
 a k |    |                           libcamera                            |
     |    |                                                                |
     \    +----------------------------------------------------------------+
                           ^                ^                ^
 Userspace                 |                |                |
---------------------------|----------------|----------------|----------------
 Kernel                    |                |                |
                           v                v                v
                     +-----------+    +-----------+    +-----------+
                     |   Media   |<-->|   Video   |<-->|   V4L2    |
                     |  Device   |    |  Device   |    |  Subdev   |
                     +-----------+    +-----------+    +-----------+

Camera Stack

libcamera 
provides a 
complete 
userspace 
camera stack.

The ‘mesa’ of 
the camera 

world.



       +------------------------+   +---------+
       |    _                   |   |    _    |
       | +-/ \-+                |   | +-/ \-+ |
       | | (o) |                |   | | (o) | |
       | +-----+                |   | +-----+ |
       +------------------------+   +---------+
            ^              ^             ^
 Userspace  |              |             |
------------|--------------|-------------|-------
 Kernel     |              |             |
            v              v             v
       +---------+    +---------+   +---------+
       |#########|<-->|#########|   |#########|
       |#########|    |#########|   |#########|
       +---------+    +---------+   +---------+

Camera Devices & Enumeration

libcamera 
enumerates 

cameras...



  _______
 /       \_______
|                |       \O/
| v ~~~~~~~~     |        |   _____
| v ~~~~~~~~     |      _/_\_|     |
| x ~~~~~~~~     |     |     |     |_____
| v ~~~~~~~~     |     |  2  |  1  |  3  |
| x ~~~~~~~~     |     ~~~~~~~~~~~~~~~~~~~
| v ~~~~~~~~     |
| _______        |
|/       \_______|

   Capabilities             Profiles

Capabilities & Profiles

… and 
exposes their 

capabilities.



              
                               +-----+
             _         --->    | <>< |
          +-/ \-+     /        +-----+
          | (o) | ---/
          +-----+    \       +----------+
                      \      |   ,-,    |
                       --->  |  ('_)<   |
                             |   `-`    |
                             +----------+

Streams

It supports multiple 
concurrent streams 

for the same 
camera...



       _        +----------+     +----------+
    +-/ \-+     |     ,-,  |     |  ,-,     |
    | (o) | --> |    ('_)< | --> | ('_)<    | --> ...
    +-----+     |     `-`  |     |  `-`     |
                +----------+     +----------+

Per-Frame Controls

… and per-frame 
controls.



       +---+      +-----+        +-----+
       |(o)| ---> | ISP | --+--> | <>< | ---> 
       +---+      +-----+   |    +-----+
                     ^      |
                     |      |   +-------+
                     |      \-> | Stats |
                     |          +-------+
                  +-----+           |
                  | IPA | <---------/
                  +-----+

Image Processing Algorithms (3A)

Image Processing 
Algorithm are loaded 
as external modules.



          +-----------+
          | V4L2 App. |
          +-----------+

          +-----------+
          |           |
          |   V4L2    |
          |   API     |
          |           |
          |           |
          |           |
          |           |
          +-----------+

          +--------------------------------+
          |           libcamera            |

Adaptation

Adaptation layers 
offer backward 

compatibility with 
existing APIs...



          +-----------+        +-----------+
          | V4L2 App. |        |  Android  |
          +-----------+        +-----------+

          +-----------+        +-----------+
          |           |        |   \___/   |
          |   V4L2    |        |   /. .\   |
          |   API     |        |   -----   |
          |           |        | !| Cam.|! |
          |           |        | !| HAL |! |
          |           |        |   -----   |
          |           |        |    | |    |
          +-----------+        +-----------+

          +--------------------------------+
          |           libcamera            |

Adaptation

… and integrate 
libcamera with 

other operating 
systems.



   _
+-/ \-+
| (o) |
+-----+

libcamera



-------------------< libcamera Public API >---------------------------
         ^                                      ^
         |                                      |
         v                                      v
  +-------------+  +-------------------------------------------------+
  |   Camera    |  |  Camera Device                                  |
  |   Devices   |  | +---------------------------------------------+ |
  |   Manager   |  | | Device-Agnostic                             | |
  +-------------+  | |                                             | |
         ^         | | +------------------+ +----------------------+ |
         |         | | |     Stream 0     | |   ~~~~~~~~~~~~~~~~~~~  |
         |         | | |       ...        | |  {  +-------------+  } |
         |         | | |     Stream n     | |  }  |////Image////|  { |
         |         | | +------------------+ | <-> |/Processing//|  } |
         |         | |                      |  }  |/Algorithms//|  { |
         |         | | +------------------+ |  {  +------^------+  } |
         |         | | |      Camera      | |   ~~~~~~~~~|~~~~~~~~~  |
         |         | | |  Configuration   | |            |           |
         |         | | |                  | |     +------v------+    |
         |         | | |   Stream 0 Cfg   | |     |//Pipeline///|    |
         |         | | |       ...        | | <-> |///Handler///|    |
         |         | | |   Stream n Cfg   | |     |/////////////|    |
         |         | | +------------------+ |     +-------------+    |
         |         | +----------------------+        Device-Specific |
         |         +-------------------------------------------------+
         |                     ^                        ^
         |                     |                        |
         v                     v                        v
+--------------------------------------------------------------------+
| Helpers and Support Classes                                        |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| |  MC & V4L2  |  |   Camera    |  | Sandboxing  |  |   Plugins   | |
| |   Support   |  |   Sensor    |  |     IPC     |  |   Manager   | |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| +-------------+  +-------------+  +-------------+                  |
| |   Threads,  |  |  Formats,   |  |     ...     |                  |
| |   Signals   |  |  Geometry   |  |             |                  |    /// Device-Specific Components
| +-------------+  +-------------+  +-------------+                  |    ~~~ Sandboxing
+--------------------------------------------------------------------+

libcamera architecture

Central to the 
stack is the 

Camera object, 
interfacing to 

device-specific 
pipeline handlers.



Camera Device

---------< libcamera Public API >------------------
                                      ^
                                      |
                                      v
+-------------------------------------------------+
|  Camera Device                                  |
| +---------------------------------------------+ |
| | Device-Agnostic                             | |
| |                                             | |
| | +------------------+ +----------------------+ |
| | |     Stream 0     | |   ~~~~~~~~~~~~~~~~~~~  |
| | |       ...        | |  {  +-------------+  } |
| | |     Stream n     | |  }  |////Image////|  { |
| | +------------------+ | <-> |/Processing//|  } |
| |                      |  }  |/Algorithms//|  { |
| | +------------------+ |  {  +------^------+  } |
| | |      Camera      | |   ~~~~~~~~~|~~~~~~~~~  |
| | |   Configuration  | |            |           |
| | |                  | |     +------v------+    |
| | |   Stream 0 Cfg   | |     |//Pipeline///|    |
| | |                  | | <-> |///Handler///|    |
| | |   Stream n Cfg   | |     |/////////////|    |
| | +------------------+ |     +-------------+    |
| +----------------------+        Device-Specific |
+-------------------------------------------------+
             ^                        ^
             |                        |
             v                        v

The camera 
configuration is 

backed by device-
specific validation 
from the pipeline 

handler.



Camera Devices Manager

     +---------------------------------------+
     |       _           _                   |
     |    +-/ \-+     +-/ \-+                |
     |    | (o) |     | (o) |                |
     |    +-----+     +-----+                |
     +---------------------------------------+
---------------------------------------------------
      +-----+   +-----+   +-----+
      |#####|   |#####|   |#####|
      +-----+   +-----+   +-----+

The Camera Manager 
enumerates media 

devices and instantiates 
corresponding pipeline 

handlers.



Camera Devices Manager

     +---------------------------------------+
     |       _           _           _       |
     |    +-/ \-+     +-/ \-+     +-/ \-+    |
     |    | (o) |     | (o) |     | (o) |    |
     |    +-----+     +-----+     +-----+    |
     +---------------------------------------+
---------------------------------------------------
      +-----+   +-----+   +-----+   +-----+
      |#####|   |#####|   |#####|   |#####|
      +-----+   +-----+   +-----+   +-----+

The pipeline 
handlers create 

and register one 
or more cameras.



Pipeline Handler

 +---+      +-----+
 |(o)| ---> | CSI | ----> <|MEM|>
 +---+      +-----+          |
                             v
                       +-----------+
<|MEM|> <---( <>< )--- | ISP  +--+ |
<|MEM|> <---( <>< )--- |      +--+ |
                       | +--+ +--+ |
<|MEM|> <---(STATS)--- | +--+ +--+ |
                       +-----------+

The pipeline handler 
interfaces with all kernel 

devices. It abstracts 
them and exposes video 
streams to upper layers.



Image Processing Algorithms

       +---+      +-----+        +-----+
       |(o)| ---> | ISP | --+--> | <>< | ---> 
       +---+      +-----+   |    +-----+
                     ^      |
                     |      |   +-------+
                     |      \-> | Stats |
                     |          +-------+
                  +-----+           |
                  | IPA | <---------/
                  +-----+

Image Processing 
Algorithms (IPA) receive 

statistics from the 
hardware and compute 

optimal image 
parameters.



Image Processing Algorithms

 ---------+
          |
          |        +------------+
 Pipeline |  3A    |   Image    |
 Handler  | <----> | Processing |
          |  API   | Algorithms |
          |        +------------+
          |
          |
 ---------+
     ^
-----|--------------------------------------
     v
  +-----+   +-----+
  |#####|   |#####|

IPAs are separate 
modules that don’t 

access kernel devices 
directly. They only have 
access to their pipeline 
handler through the IPA 

API.



Image Processing Algorithms

 ---------+
          |       ~~~~~~~~~~~~~~~~
          |      { +------------+ }
 Pipeline |  3A  } |   Image    | {
 Handler  | <----> | Processing | }
          |  API } | Algorithms | {
          |      { +------------+ }
          |       ~~~~~~~~~~~~~~~~
          |
 ---------+
     ^
-----|--------------------------------------
     v
  +-----+   +-----+
  |#####|   |#####|

Closed-source IPAs are 
sandboxed in a 

separate process. They 
communicate with the 

pipeline handler 
through IPC.



Image Processing Algorithms

 ---------+
          |      +--+       ~~~~~~~~~~~~~~~~~~~~~~~
          |      |Ma|      {Un|     +------------+ }
 Pipeline |  3A  |rs| IPC  }ma| 3A  |   Image    | {
 Handler  | <--> |ha| <--> {rs|<--> | Processing | }
          |  API |ll|      }ha| API | Algorithms | {
          |      |er|      {ll|     +------------+ }
          |      +--+       ~~~~~~~~~~~~~~~~~~~~~~~
          |
 ---------+
     ^
-----|--------------------------------------
     v
  +-----+   +-----+
  |#####|   |#####|

The IPC is handled in 
core components, 

transparently for both 
the pipeline handler 

and the IPA.



         |                     |                        |
         v                     v                        v
+--------------------------------------------------------------------+
| Helpers and Support Classes                                        |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| |  MC & V4L2  |  |   Camera    |  | Sandboxing  |  |   Plugins   | |
| |   Support   |  |   Sensor    |  |     IPC     |  |   Manager   | |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| +-------------+  +-------------+  +-------------+                  |
| |   Threads,  |  |  Formats,   |  |     ...     |                  |
| |   Signals   |  |  Geometry   |  |             |                  | 
| +-------------+  +-------------+  +-------------+                  | 
+--------------------------------------------------------------------+

Helpers and Support Classes

Many helper classes ease the 
implementation of pipeline 

handlers for device vendors.



|                                                    |
|             Native V4L2 Application                |
+---------------------------------------------------+
         | open()      | ioctl()       | mmap()
         v             v               v
+----------------------------------------------------+
| LD_PRELOAD=libcamera-v4l2.so                       |
|                                                    |
|    open() {      ioctl() {       mmap() {          |
|        ...           ...             ...           |
|    }             }               }                 |
+----------------------------------------------------+
                       | libcamera
                       v API
+----------------------------------------------------+
|                   libcamera                        |
|                                                    |

V4L2 Compatibility

Native V4L2 
applications are 

supported through a 
transparent 

compatibility layer.



Android Camera HAL

          +--------------------------+
          | Android Camera Framework |
          +--------------------------+

          +--------------------------+
          |    \___/    +---------+  | HW level   |
          |    /. .\    |  JPEG   |  |            |
          |    -----    | Encoder |  | - EXTERNAL | t
          |  !| Cam.|!  +---------+  | - LEGACY   | i
          |  !| HAL |!               | - LIMITED  | m
          |    -----        ...      | - FULL     | e
          |     | |                  | - LEVEL_3  |
          +--------------------------+            v

          +--------------------------+
          |        libcamera         |

A single Android 
camera HAL module 

implementation for all 
devices supported by 

libcamera.



   _
+-/ \-+
| (o) |
+-----+

libcamera



Camera State Machine

   release()
    /-----\
    v     |
  ___________                ____________               ____________
//           \\  acquire()  /            \ configure() /            \      
|| Available ||------------>|  Acquired  |------------>| Configured |
\\___________//             \____________/             \____________/
       ^         release()         |                       |  |  ^
       \---------------------------/-----------------------/  |  |
                                                              |  | freeBuffers()
                                            allocateBuffers() |  |
                                                              v  |
                             ____________    start()    ____________
                            /            \<------------/            \      
                            |  Running   |             |  Prepared  |
                            \____________/------------>\____________/
                               |      ^      stop()       |      ^      
                               \------/                   \------/
                            createRequest()            createRequest()
                             queueRequest()

The camera 
implements a simple 
state machine.



Camera Configuration

                +------------+
   .configure() |            |
/-------------->|   Camera   |
|               |            |
|               +------------+
|                     | .generateConfiguration({
|                     |         Viewfinder,
|                     |         StillCapture
|                     | })
|                     v
|       +-----------------------------+
|       |    CameraConfiguration      |
|       |                             |
|       | +-------------------------+ |      .width=720
|       | | StreamConfiguration[0] <-------- .height=1280
|       | | StreamConfiguration[1]  | |      .validate()
|       | |                         | | <--- .addConfiguration()
|       | +-------------------------+ |
|       +-----------------------------+
|                     |
\---------------------/

The camera generates 
a configuration 

template from roles.

The configuration can 
be modified, and

shall be validated.

The 
configuration is 
applied to the 
camera.

➊

➋

➌



Request Queuing

            +------------+                                             +---------------+
            |            | .generateConfiguration()                    | Camera        |
/---------->|   Camera   |-------------------------------------------->| Configuration |
|           |            |                                             |               |
|           +------------+                                             +---------------+
|                 |                                                            |
| .queueRequest() | .createRequest(cookie)                           .stream() |
|                 v                                                            v
|           +------------+              +------------+                 +---------------+
|           |            | .addBuffer() |            | .createBuffer() |               |
\-----------|  Request   |<-------------|   Buffer   |<----------------|    Stream     |
            |            |              |            |  index or fds   |               |
            +------------+              +------------+                 +---------------+

A request is created on the 
Camera, populated with a 
Buffer for each Stream, and 
queued for capture.

➊ ➋

➌
➍

➎

⓪



Request Completion

    +------------+  .bufferCompleted()   +--------
    |            |---------------------->|
    |   Camera   |  .requestCompleted()  | Application
    |            |---------------------->|
    +------------+                       +--------
          ^                                   |
          |    Create, prepare and queue      |
          \-----------------------------------/
                     next request

Buffer and request completion 
are notified separately.

➊

➋

➌

Applications submit new 
requests to keep the streams 

going.



   _
+-/ \-+
| (o) |
+-----+

libcamera



Contribute



API Documentation



libcamera-devel@lists.libcamera.org
irc://chat.freenode.net/#libcamera

laurent.pinchart@ideasonboard.com

Contact



? !



ご清聴
ありがとう
ございました !
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