
Why embedded cameras
are difficult

and how to make them easy

   Embedded Linux Conference Europe 2018
Edinburgh, UK

Laurent Pinchart
laurent.pinchart@ideasonboard.com





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  |  +-----------------+
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a f  |           v
m a  |  +-----------------+
e c  |  |        0        |
r e  |  |-----------------|
a    |  |     scaler      |
     |  |-----------------|
     |  |        1        |
     \  +-----------------+
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                 v
A    /  +-----------------+
P    |  |     capture     |
I    |  |  /dev/video0    |
     \  +-----------------+



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



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

Camera Devices & Enumeration



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

   Capabilities             Profiles

Capabilities & Profiles



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

Streams



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

Per-Frame Controls



       +---+      +-----+        +-----+
       |(o)| ---> | ISP | --+--> | <>< | ---> 
       +---+      +-----+   |    +-----+
                     ^      |
                     |      |   +-------+
                     |      \-> | Stats |
                     |          +-------+
                  +-----+           |
                  | 3A  | <---------/
                  +-----+

3A & Image Enhancement Algorithms



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

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

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

Adaptation



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

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

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

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

libcamera



-------------------< libcamera Public API >---------------------------
         ^                                      ^
         |                                      |
         v                                      v
  +-------------+  +-------------------------------------------------+
  |   Camera    |  |  Camera Device                                  |
  |   Devices   |  | +---------------------------------------------+ |
  |   Manager   |  | | Device-Agnostic                             | |
  +-------------+  | |                                             | |
         ^         | |                      +----------------------+ |
         |         | |                      |   ~~~~~~~~~~~~~~~~~~~  |
         |         | |                      |  {  +-------------+  } |
         |         | |                      |  }  |////Image////|  { |
         |         | |                      | <-> |/Processing//|  } |
         |         | |                      |  }  |/Algorithms//|  { |
         |         | |                      |  {  +-------------+  } |
         |         | |                      |   ~~~~~~~~~~~~~~~~~~~  |
         |         | |                      | ====================== |
         |         | |                      |     +-------------+    |
         |         | |                      |     |//Pipeline///|    |
         |         | |                      | <-> |///Handler///|    |
         |         | |                      |     |/////////////|    |
         |         | +----------------------+     +-------------+    |
         |         |                                 Device-Specific |
         |         +-------------------------------------------------+
         |                     ^                        ^
         |                     |                        |
         v                     v                        v
+--------------------------------------------------------------------+
| Helpers and Support Classes                                        |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| |  MC & V4L2  |  |   Buffers   |  | Sandboxing  |  |   Plugins   | |
| |   Support   |  |  Allocator  |  |     IPC     |  |   Manager   | |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| +-------------+  +-------------+                                   |
| |  Pipeline   |  |     ...     |                                   |
| |   Runner    |  |             |                                   |    /// Device-Specific Components
| +-------------+  +-------------+                                   |    ~~~ Sandboxing
+--------------------------------------------------------------------+

libcamera architecture



Camera Device

---------< libcamera Public API >------------------
                                      ^
                                      |
                                      v
+-------------------------------------------------+
|  Camera Device                                  |
| +---------------------------------------------+ |
| | Device-Agnostic                             | |
| |                                             | |
| |                      +----------------------+ |
| |                      |   ~~~~~~~~~~~~~~~~~~~  |
| |                      |  {  +-------------+  } |
| |                      |  }  |////Image////|  { |
| |                      | <-> |/Processing//|  } |
| |                      |  }  |/Algorithms//|  { |
| |                      |  {  +-------------+  } |
| |                      |   ~~~~~~~~~~~~~~~~~~~  |
| |                      | ====================== |
| |                      |     +-------------+    |
| |                      |     |//Pipeline///|    |
| |                      | <-> |///Handler///|    |
| |                      |     |/////////////|    |
| +----------------------+     +-------------+    |
|                                 Device-Specific |
+-------------------------------------------------+
             ^                        ^
             |                        |
             v                        v



Camera Devices Manager

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



Camera Devices Manager

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



Pipeline Handler

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



Image Processing Algorithms

       +---+      +-----+        +-----+
       |(o)| ---> | ISP | --+--> | <>< | ---> 
       +---+      +-----+   |    +-----+
                     ^      |
                     |      |   +-------+
                     |      \-> | Stats |
                     |          +-------+
                  +-----+           |
                  | 3A  | <---------/
                  +-----+



Image Processing Algorithms

 -------+
        |
        |        +------------+
 Camera |  3A    |   Image    |
 Device | <----> | Processing |
        |  API   | Algorithms |
        |        +------------+
        |
        |
 -------+
     ^
-----|--------------------------------------
     v
  +-----+   +-----+
  |#####|   |#####|



Image Processing Algorithms

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



Image Processing Algorithms

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



         |                     |                        |
         v                     v                        v
+--------------------------------------------------------------------+
| Helpers and Support Classes                                        |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| |  MC & V4L2  |  |   Buffers   |  | Sandboxing  |  |   Plugins   | |
| |   Support   |  |  Allocator  |  |     IPC     |  |   Manager   | |
| +-------------+  +-------------+  +-------------+  +-------------+ |
| +-------------+  +-------------+                                   |
| |  Pipeline   |  |     ...     |                                   |
| |   Runner    |  |             |                                   |
| +-------------+  +-------------+                                   |
+--------------------------------------------------------------------+

Helpers and Support Classes



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

V4L2 Compatibility



Android Camera HAL

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

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

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



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

libcamera



Contribute



? !



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

laurent.pinchart@ideasonboard.com

Contact



Thank ye!


