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Hi, we're
libcamera.

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

Getting Started
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Bayer Filter

‘0 Colour Filter Array

7 source: https://en.wikipedia.org/wiki/Bayer _filter
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Original 120x80 Bayer image

‘OEO CFA Interpolation
source: https://en.wikipedia.org/wiki/Bayer _filter
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Original 120x80 Bayer image
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Colour-coded
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' CFA Interpolation
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Colour-coded Colour interpolation
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Stages of the camera imaging pipeline and associated parameters

# #|# | #
# H|#|4#
» #|#|#|#
Gamma applied for visualization ’: N . o N 6 White_balandng &
2- Black light subtraction, 3- Lens correction 4- Demosaicing 5- Noise reduction Color space [MATs]
1- Reading raw Image Linearization (2D Array(s)] [Func] [Func]
[Values or 1D LUT]
## | # :
« #|# | # « « «
#l#|#
12- Gamma curve 11- Final color space 10- Tone curve 9- Color mani- 8- Exposure cqrve 7- HLje/Sat map
application [1D LUT] conversion [Mat] application [1DLUT]  pulation [3D LUT] [EV value or 1D LUT] [3D LUT]

Intermediate images for each stage

source: https://karaimer.github.io/camera-pipeline/
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Auto Algorithms (a.k.a. 3A)




IQ Tuning

source: https://www.flickr.com/photos/davedugdale/15043975135
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Navigating in libcamera
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v - include

> - android Android headers copied from Android sources
- libcamera public & internal APIs

= = Base API (a.k.a. “NIH boost”)

> [ e Internal AP

o L IPA module protocols
> -nnux Linux kernel headers copied from kernel source

Project Structure - /include
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ipu3

raspberrypi

rkisp1

simple

uvevideo

vime

Base helpers (a.k.a. “NIH boost”)

IPA IPC documentation (placeholder, auto-generated)
Pipeline handlers

Intel IPU3

Raspberry Pi

Rockchip ISP

“simple” pipeline handler

USB Video Class (USB webcams)

“vimc” (Virtual Media Controller)

IPA IPC code (placeholder, auto-generated)

Project Structure - Isrcl/libcamera
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Project Structure - Isrclipa



T-(O;-T Controlling

The ISP




Adaptation GstLil ‘ l ‘ l ‘ lCameraHALManager‘ l CameraDevice ‘ l ‘ l ‘
E o
e N o
IPA Proxy Worker - Sandboxed ACMEPipelineHandler
’
'
IPA Module IPA & IPC l IPAModule ‘ ! l PipelineHandler
-
IPC ihe i ACMECamera ACMECamera
- roxy
Pipeline i \ Il ‘
f ot [ Camera
ACME Algorithms Serializer .
- [
Proprietary : :l CameraData ‘
IPAInterface [
1 ' 1
] ] [}
PC u Stream | u Stream "
| ) )
. /
{annrnf‘ i i H PixelFormat ‘ l Request ‘ l Control ‘
Camera lStreamConfigurationH ImageFormats ‘ l FrameBuffer ‘ l ControlValue ‘
Sensor
Info R
l StreamRole ‘ Geometry l FrameMetaData ‘ l ControlList ‘
Camera
Core Sensor
Factory
|V4L2VideoDevice H V4L2SubDevice ‘ l Thread H EventDispatcher ‘
Camera
Sensor ”
l V4L2Format HVALZBu"erCache‘ l Message H EventNotifier ‘
l MediaDevice H MediaEntity ‘ l Signal H Timer ‘

ACME Camera Drivers

Kernel

mipi-ccs

.

w0 (00 D O mm @&

‘ The Camera Stack



( N

IPAInterface

1

IPA Proxy Worker - Sandboxed ACMEPipelineHandler
’
'
IPA Module IPA & IPC l \PAModule ‘ ; l pipelineHandler
PC i ACMECamera ACMECamera
Pipeli IPAProxy | .
peline
P ; - i Camera ‘ H l Camera
ACME Algorithms Serializer |
7 '
Proprietary ,—| : l CameraData
!
'

u Stream

u Stream

IPC

55 The Pipeline

v



+---+ +----- -

|(0)| ---> ] €SI | ----> <|MEM|>
+---+ +----- + |

VvV

I +
<|MEM|> <---( <>< )--- | ISP +--+ The pipeline handler
<|MEM|> <---( <>< )--- Foo interfaces with all kernel
+- -4+ +--+ :

<|MEM|> <--- (STATS)--- e 4t devices. It abstracts

e e e + them and exposes video
streams to upper layers.
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The Image Processing Algorithms
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The Image Processing Algorithms



}
Pipeline 3A rs| IPC }ma| 3A | | {
Hand ler <--> |ha|] <--> {rs|<--> ] IPA | }
| {

}

API |11 tha| API |
er {11 L R +
+--+ = ~mmmmmmmmmmmmm e
--------- +
" The IPC is handled in
""" \|, core components,
o e N transparently for both
T I the pipeline handler
and the IPA.

‘0 The Image Processing Algorithms



+-/ \-+

| (0) | Requests

T=====




.

Request

J

createRequest()

Application

) Camera

Capture Requests



Buffers

=

Application

Controls

Request

Camera

7

‘o;o Capture Requests




]
v_ ]
] gueueRequest()
Requests J \
Application Camera

‘o;o Capture Requests

7



>

_g -

S <4~

(7))

—t

0 _J
— |-

Application Camera

R t
e requestCompleted()

‘o‘o Capture Requests

7



W‘\L{ Requests

Application

E,J

N
J

s

Request

N

Camera

\“"‘ Capture Requests



]
v_ ]
ueueRequest
reuse() Requests } K \q 0
Application Camera

R t
e requestCompleted()

‘H Capture Requests

/d



IPA
Modules




~ - Documentation

v B quces Development guides

r

r

r

r

r

r

r

[

application-developer.rst = Appllcatlon

r

introduction.rst

ipa.rst - IPA
pipeline-handierrst - Pipeline Handler

r

4

r

tracing.rst

coding-style.rst

contributing.rst

docs.rst

environment_variables.rst

getting-started.rst

index.rst

lens_driver_requirements.rst

sensor_driver_requirements.rst

IPA Writer’s Guide



camera

IPA Writer's guide

‘er requirements

ribute  Getting Started L

IPA Writer’s Guide

IPA modules are Image Processing Algorithm modules. They provide functionality that the pipeline handler can use for image processing.

This guide covers the definition of the IPA interface, and how to plumb the connection between the pipeline handler and the IPA.

The IPA interface and protocol

The IPA interface defines the interface between the pipeline handler and the IPA. Specifically, it defines the functions that the IPA exposes that the pipeline handler can call, and the
signals that the pipeline handler can connect to, in order to receive data from the IPA asynchronously. In addition, it contains any custom data structures that the pipeline handler and
IPA may pass to each other.

It is possible to use the same |IPA interface with multiple pipeline handlers on different hardware platforms. Generally in such cases, these platforms would have a common hardware

IPA Writer’s Guide




Code Ahead

Error handlin.g omitted for
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Disclaimer — Don’t Try This At Home



Don’t focus too much on the code.

Disclaimer — Mental Health Warning



Don’t focus too much on the code.
It's C++.

Disclaimer — Mental Health Warning



Don’t focus too much on the code.
It's C++.

With templates.

Disclaimer — Mental Health Warning



Don’t focus too much on the code.
It's C++.

With templates.

And It doesn’t event compile.

Disclaimer — Mental Health Warning



1. The IPA Interface

2. The Pipeline Handler
3. The IPA Module

4. The Algorithms

IPA Module in 4 Easy Steps



The IPA
Interface




1. The IPA Interface e Define the interface
' between the Pipeline

Handler and IPA Module

The IPA Interface
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/dev/video3

stats
/dev/video?2

The IPA Interface
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/dev/video3

stats
/dev/video2

-
IPA Proxy Worker - Sandboxed
IPA & IPC IPA Module
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IPC
Serializer
ISP Algorithms
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5] The IPA Interface




ipa.brcli;

The IPA interface
defines the operations

"include/libcamera/ipa/core.mojom";

IPABrcliInterface {

init(Libcamera.IPASettings settings, exposed by the IPA
liboanera. TPACanerasensor Info sensorInfo, module to the pipeline
CPCNEES vet, UibCanera. Controltnfonan ipacontrols); handler. It is expressed
configure(IPAConfigInfo configInfo, USIng mOjOIT) IDL.

map<uint32, lLlibcamera.IPAStream> streamConfig)
(int32 ret, libcamera.ControlInfoMap ipaControls);

mapBuffers(array<libcamera.IPABuffer> buffers);
unmapBuffers(array<uint32> ids);

start() (int32 ret);
stop();

gueueRequest(uint32 frame, libcamera.ControlList reqgControls);

processStatsBuffer(uint32 frame, uint32 bufferlId,
libcamera.ControlList sensorControls);

fillParamsBuffer(uint32 frame, uint32 bufferId);

include/libcamera/ipa/brcli.mojom

The IPA Interface




ipa.brcli;

"include/libcamera/ipa/core.mojom";

IPABrcliEventInterface {
paramsBufferReady(uint32 frame);
setSensorControls(uint32 frame, Llibcamera.ControlList sensorControls);
metadataReady(uint32 frame, Llibcamera.ControlList metadata);

+;

The IPA event interface
defines the events
generated by the IPA
module for the pipeline
handler.

include/libcamera/ipa/brcli.mojom

The IPA Interface
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2. The Pipeline Handler - communicate with the IPA
module
* Wire up the statistics
capture and ISP
parameters

The Pipeline Handler



bool PipelineHandlerBrcli: :match(DeviceEnumerator *enumerator)

{

ipa_ = IPAManager::createIPA<ipa::brcli::IPAProxyBrclil>(pipe(), 1, 1);

('ipa_)
~ENOENT;

params
/dev/video3

stats
/dev/video2

src/libcamera/pipeline/brcli/breli.cpp

f Pipeline Handler - Loading the IPA




+;

ipa.brcli;

"include/libcamera/ipa/core.mojom";

IPABrcliEventInterface {
paramsBufferReady(uint32 frame);
libcamera.ControlList sensorControls);

setSensorControls(uint32 frame,
metadataReady(uint32 frame, libcamera.ControlList metadata);

~

IPA Proxy Worker - Sandboxed
IPA & IPC

’

\

include/libcamera/ipa/brcli.mojom

Pipeline Handler - Loading the IPA



bool PipelineHandlerBrcli: :match(DeviceEnumerator *enumerator)

{
ipa_->paramsBufferReady.connect ( , &BrcliCameraData: :paramFilled);
ipa_->setSensorControls.connect , &BrcliCameraData: :setSensorControls);
ipa_->metadataReady.connect ( , &BrcliCameraData::metadataReady);

}

params
/dev/video3

stats
/dev/video2

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler - Loading the IPA




ipa.brcli;

"include/libcamera/ipa/core.mojom";

IPABrcliInterface {
init(libcamera.IPASettings settings,

uint32 hwRevision,

libcamera.IPACameraSensorInfo sensorInfo,

libcamera.ControlInfoMap sensorControls)
(int32 ret, libcamera.ControlInfoMap ipaControls);

~

IPA Proxy Worker - Sandboxed

’

\

include/libcamera/ipa/brcli.mojom

Pipeline Handler - Loading the IPA

\DE ‘
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bool PipelineHandlerBrcli: :match(DeviceEnumerator *enumerator)

{
std::string ipaTuningFile;
char const *configFromEnv = utils::secure_getenv("LIBCAMERA BRCLI_TUNING_FILE");
if (!configFromenv || *configFromEnv == '\0') {
ipaTuningFile = ipa_->configurationFile(sensor_->model() + ".yaml")"
/*
* If the tuning file isn't found, fall back to the
* 'uncalibrated' configuration file.
*/
if (ipaTuningFile.empty()) v
ipaTuningFile = ipa_->configurationFile("uncalibrated.yaml"
} else {
ipaTuningFile = std::string(configFromgEnv);
3
IPACameraSensorInfo sensorInfo{};
sensor_->sensorInfo(&sensorInfo);
stats
ipa_->init({ ipaTuningFile, sensor_->model() }, hwRevision,
sensorInfo, sensor_->controls(), &controlInfo_);
}

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Loading the IPA



# SPDX-License-Identifier: CCO-1.0
1.1

version: 1

algorithms:

- Agc:

- Awb:

- BlackLevelCorrection:
R: 256
Gr: 256
Gb: 256
B: 256

' A
IPA Proxy Worker - Sandboxed

IPA Module

ISP Algorithms

\. J

src/ipa/breli/data/imx219.yaml

‘0 Tuning File



ipa.brcli;
"include/libcamera/ipa/core.mojom";

IPABrcliInterface {

configure(IPAConfigInfo configInfo,
map<uint32, libcamera.IPAStream> streamConfig)
(int32 ret, libcamera.ControlInfoMap ipaControls);

N
IPA Proxy Worker - Sandboxed

IPA & IPC

)
-~ Sommmememmem- J

include/libcamera/ipa/brcli.mojom

Pipeline Handler — Configuring the IPA




int PipelineHandlerBrcli::configure(Camera *camera, CameraConfiguration *c)

{

BrcliCameraConfiguration *config =
<BrcliCameraConfiguration *>(c);
BrcliCameraData *data = cameraData(camera);

std::map<unsigned int, IPAStream> streamConfig;

(const StreamConfiguration &cfg : *config) {
if (cfg.stream() == &data->mainPathStream_)
streamConfig[0] = IPAStream(cfg.pixelFormat,
cfg.size);
else
streamConfig[1] = IPAStream(cfg.pixelFormat,
cfg.size);

}

data->ipa_->configure(ipaConfig, streamConfig, &data->controlInfo_);

params
/dev/video3

— 1

breli-isp
/dev/val-subdev0

= 2 3

stats
/dev/video2

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Configuring the IPA



ipa.brcli;
"include/libcamera/ipa/core.mojom";

IPABrcliInterface {

start(libcamera.ControlList controls) (int32 ret); - \
Stop ( ) ; IPA Prox (I);Ae; o oxe

______________

include/libcamera/ipa/brcli.mojom

A Pipeline Handler - Starting the IPA




int PipelineHandlerBrcli::start(Camera *camera, const ControlList *controls)

{

BrcliCameraData *data = cameraData(camera);

ret = data->ipa_->start(controls);

(ret) {
LOG(Brcli, Error) << "Failed to start IPA";

ret;

params
/dev/video3

The IPA module now
runs, in a separate
thread or process.

20
3B
2

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler - Starting the IPA



ipa.brcli;
"include/libcamera/ipa/core.mojom";

IPABrcliInterface {

~

queueRequest (uint32 frame, libcamera.ControlList reqControls);
processStatsBuffer(uint32 frame, uint32 bufferlId, i

libcamera.ControlList sensorControls); g[::::]
fillParamsBuffer(uint32 frame, uint32 bufferId); \ o)

include/libcamera/ipa/brcli.mojom

Pipeline Handler — Runtime




int PipelineHandlerBrcli: :queueRequestDevice(Camera *camera, Request *request)

{
BrcliCameraData *data = cameraData(camera);
BrcliFrameInfo *info = data->frameInfo_.create(data, request);
('info)
-ENOENT;
data->ipa_->queueRequest(data->frame_, request->controls());

data->frame_++;

- AT
} /dev/video3

stats
/dev/video2

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Queuing a Request




int PipelineHandlerBrcli: :queueRequestDevice(Camera *camera, Request *request)

{
BrcliCameraData *data = cameraData(camera);
BrcliFrameInfo *info = data->frameInfo_.create(data, request);
('info)
-ENOENT;
data->ipa_->queueRequest(data->frame_, request->controls());

data->frame_++;

- oRtEmE
} /dev/video3

Everything at runtime Is
asynchronous.

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Queuing a Request




int PipelineHandlerBrcli::statsReady(FrameBuffer *buffer)

{

BrcliCameraData *data = cameraData(camera);
BrcliFrameInfo *info = data->frameInfo_.find(buffer);
if ('info)

return;

data->ipa_->processStatsBuffer(info->frame, info->statBuffer->cookie(),
data->delayedCtrls_->get(buffer->metadata().sequence);

} params
/dev/video3

stats
/dev/video2

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Statistics Ready




int PipelineHandlerBrcli::statsReady(FrameBuffer *buffer)

{

BrcliCameraData *data = cameraData(camera);

BrcliFrameInfo *info = data->frameInfo_.find(buffer);
if ('info)
return;

data->ipa_->processStatsBuffer(info->frame, info->statBuffer->cookie(),
data->delayedCtrls_->get(buffer->metadata().sequence);

breli-isp
/dev/val-subdev0

= 2 3 \

The IPA needs to know
what parameters have ot
been used by the o
sensor for this frame.

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler - Statistics Ready



ipa.brcli;

"include/libcamera/ipa/core.mojom";

IPABrcliEventInterface {

paramsBufferReady(uint32 frame);
libcamera.ControlList sensorControls);

setSensorControls(uint32 frame,
metadataReady(uint32 frame, libcamera.ControlList metadata);

+;

~\

IPA Proxy Worker - Sandboxed

’

\

include/libcamera/ipa/brcli.mojom

EAs) Pipeline Handler - Events

ON BOARD
7



void BrcliCameraData: :setSensorControls( unsigned int frame,
const ControlList &sensorControls)
{

}

delayedCtrls_->push(sensorControls);

Sensors typically delay

applying controls by a T
frame or two. SR \

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Sensor Parameters



void BrcliCameraData: :setSensorControls( unsigned int frame,

{
}

const ControlList &sensorControls)

delayedCtrls_->push(sensorControls);

Sensors typically delay

applying controls by a S
frame or two. T \
This topic could fill a
whole talk by itself.

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler — Sensor Parameters



int BrcliCameraData::paramFilled(unsigned int frame)

{

PipelineHandlerBrcli *pipe = BrcliCamerabData: :pipe();
BrcliFrameInfo *info = frameInfo_.find(frame);
('info)

14

info->paramBuffer->_d()->metadata().planes()[0].bytesused =
(struct brcli_params_cfqg);
pipe->param_->queueBuffer (info->paramBuffer);

} params
/dev/video3

stats
/dev/video2

src/libcamera/pipeline/brcli/breli.cpp

Pipeline Handler - ISP Parameters



int BrcliCameraData::metadataReady(unsigned int frame, const ControlList &metadata)

{

BrcliFrameInfo *info = frameInfo_.find(frame);
('info)

4

info->request->metadata().merge(metadata);
info->metadataProcessed = true;

pipe()->tryCompleteRequest(info);

params
/dev/video3

stats
/dev/video2

src/libcamera/pipeline/brcli/brcli.cpp

‘H Pipeline Handler - Metadata
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3. The IPA Module  Process the statistics and
user controls
 Compute the sensor and
ISP parameters

The IPA Module




/*
* External IPA module interface
*/

extern "C" {

const struct IPAModuleInfo ipaModuleInfo = {
IPA_MODULE_API_VERSION,
1

"PipelineHandlerBrcli",

"brcli",
3
IPAInterface *ipaCreate()
{

ipa::brcli::IPABrcli();

ks
}

s N
IPA Proxy Worker - Sandboxed

IPA Module

ISP Algorithms

\ J

src/ipa/breli/brcli.cpp

‘H The IPA Module - Entry Point



namespace ipa::brcli {

class IPABrcli : IPABrcliInterface
{

IPABrcli();

int init(const IPASettings &settings, unsigned int hwRevision,
const IPACameraSensorInfo &sensorInfo,
const ControlInfoMap &sensorControls,
ControlInfoMap *ipaControls) override;

int start() override;

void stop() override;

int configure(const IPAConfigInfo &ipaConfig,
const std::map<uint32_t, IPAStream> &streamConfig,
ControlInfoMap *ipaControls) override;
void mapBuffers(const std::vector<IPABuffer> &buffers) override;
void unmapBuffers(const std::vector<unsigned int> &ids) override; - \

IPA Proxy Worker - Sandboxed

IPA Module

void gqueueRequest(const uint32_t frame, const ControlList &controls) overridef;
void fillParamsBuffer(const uint32 t frame, const uint32 t bufferId) override|
void processStatsBuffer(const uint32_t frame, const uint32_t bufferlId, S Hgrise

const ControlList &sensorControls) override;

iy \ J

) src/ipa/breli/brcli.cpp

‘m The IPA Module
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4. The Algorithms * Process the statistics and
user controls

 Compute the sensor and
ISP parameters

The Algorithms



It's all maths, really.

i The Algorithms

/d



It's all maths, really.

How hard can it be?

‘w The Algorithms
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How hard can it be?

Maths operations
that need to be
scheduled.

The Algorithms



It's all maths, really.

How hard can it be?

Maths operations In the right order.
that need to be
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Maths operations In the right order.
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scheduled. For the right frame.
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It's all maths, really.

How hard can it be?

Maths operations In the right order.

that need to be At the right time.
scheduled. For the right frame.
In real time.

The Algorithms



It's all maths, really.

Hew-hard-canitbe?
Maths operations In the right order.
that need to be At the right time.
scheduled. For the right frame.
In real time.
HEEEELP!!

The Algorithms
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namespace ipa {

The Algorithm class

template<typename _Module> .
({:1ass Algorithm template defines a
common interface for

i 1 i ini dule:: , .
et Seoningoacan. all algorithms.

virtual int configure(typename Module::Context &context,
const typename Module::Config &configInfo),
virtual void queueRequest(typename Module::Context &context,
const uint32_t frame,
typename Module: :FrameContext &frameContext,
const ControlList &controls),
virtual void prepare(typename Module::Context &context,
const uint32_t frame,
typename Module: :FrameContext &frameContext,
typename Module::Params *params),
virtual void process(typename Module::Context &context, r \
const uint32_t frame, o orter Sandbored
typename Module: :FrameContext &frameContext,
const typename Module::Stats *stats,
ControlList &metadata), i,

IPA Module

\ J

src/ipa/libipa/algorithm.h

IPA Algorithms




namespace ipa {

Initialize the context
template<typename _Module> ]
class Algorithm from tunlng data. Called
{ once only.

virtual int init(typename Module::Context &context,
const YamlObject &tuningData),

N
IPA Proxy Worker - Sandboxed

ISP Algorithms

src/ipa/libipa/algorithm.h

IPA Algorithms




namespace ipa {

Initialize the algorithm

template<typename _Module> .
class Algorithm for a Capture SesSsion,
Sublics using the camera
configuration. Called

i 1 i fi dule: :Context & text, 1 /
vartuat ant con lgure(EZEEEt]ar‘l]\e/ngarlrjleeModﬂe?):(Comgoig géonfiqlnfo), IUSt before Startlng
capture.

rrrrrrrrrrrrrrrrrrrrrrrr

IIIIIIIII

src/ipa/libipa/algorithm.h

IPA Algorithms




namespace ipa {

Provide controls values

template<typename _Module>
(Elass Algorithm for a frame to the
algorithm.

virtual void queueRequest(typename Module::Context &context,
const uint32_t frame,
typename Module: :FrameContext &frameContext,
const ControlList &controls),

IPA Proxy Worker - Sandboxed

IPA Module

ISP Algorithms

src/ipa/libipa/algorithm.h

IPA Algorithms




namespace ipa {

Fill the parameters
template<typename _Module>
class Algorithm buffer to prepare ISP

{ .
processing. Called
once per frame.
virtual void prepare(typename Module: :Context &contexf}
const uint32_t frame,
typename Module: :FrameContext &frameContext,
typename Module: :Params *params),
i
}

src/ipa/libipa/algorithm.h

IPA Algorithms




namespace ipa {

template<typename _Module>

Process ISP statistics.

class Algorithm Run the bulk of the

{

algorithm’s work. Called

once per frame.

virtual void process(typename Module::Context &context,

const uint32_t frame,

IPA Module

IPA Proxy Worker - Sandboxed

typename Module: :FrameContext &frameContext,
const typename Module::Stats *stats,
ControlList &metadata), i,

src/ipa/libipa/algorithm.h

IPA Algorithms




It's all maths, really.

Hew-hard-canitbe?
Maths operations In the right order.
that need to be At the right time.
scheduled. For the right frame.
In real time.
HEEEELP!!
Thank you!

The Algorithms
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namespace 1ipa::brcli::algorithms {

class BlackLevelCorrection : Algorithm

{

BlackLevelCorrection();
~BlackLevelCorrection() = ;

int init(IPAContext &context, const YamlObject &tuningData) override;
void prepare(IPAContext &context, const uint32 t frame,
IPAFrameContext &frameContext,
brcli_params_cfg *params) override;

bool tuningParameters_;

intl6_t blackLevelRed_;

int16_t blackLevelGreenR_;

intl16_t blackLevelGreenB_;

int16_t blackLevelBlue_; r \

IPA Proxy Worker - Sandboxed

.
} 14 IPA Module

} /* namespace ipa::brcli::algorithms */

ISP Algorithms

\ J

src/ipa/breli/algorithms/blc.h

Algorithms - Black Level Correction




# SPDX-License-Identifier: CCO-1.0
1.1

version: 1

algorithms:

- Agc:

- Awb:

- BlackLevelCorrection:
R: 256
Gr: 256
Gb: 256
B: 256

' A
IPA Proxy Worker - Sandboxed

IPA Module

ISP Algorithms

\. J

src/ipa/breli/data/imx219.yaml

‘0 Tuning File



int BlackLevelCorrection::init( IPAContext &context,
const YamlObject &tuningData)
{

blackLevelRed_ = tuningData["R"].get<intl6_t>(256);
blackLevelGreenR_ = tuningData["Gr'"].get<intl6_t>(256),
blackLevelGreenB_ = tuningData["Gb"].get<intl6_t>(256);
blackLevelBlue_ = tuningData[''B"].get<intl6 t>(256);

tuningParameters_ = true;

LOG(BrcliBlc, Debug)
<< "Black levels: red " << blackLevelRed_
<< ", green (red) " << blackLevelGreenR_
<< ", green (blue) " << blackLevelGreenB_
<< ", blue " << blackLevelBlue_;

O;

s N
IPA Proxy Worker - Sandboxed

IPA Module

ISP Algorithms

\ J

src/ipa/breli/algorithms/blc.cpp

Algorithms - Black Level Correction




void BlackLevelCorrection: :prepare( IPAContext &context,
const uint32_t frame,
IPAFrameContext &frameContext,
brcli_params_cfg *params)

{
(frame > 0)
(!tuningParameters_) ThIS IS Where the
; algorithm interfaces
params->others.bls_config.enable_auto = 0; with the ISP kernel
params->others.bls_config.fixed_val.r = blackLevelRed_; .
params->others.bls_config.fixed_val.gr = blackLevelGreenR_; driver API.
params->others.bls_config.fixed_val.gh = blackLevelGreenB_;
params->others.bls_config.fixed_val.b = blackLevelBlue_;
params->module_en_update |= BRCLI_CIF_ISP_MODULE_BLS;
params->module_ens |= BRCLI_CIF_ISP_MODULE_BLS; —
params->module_cfg_update |= BRCLI_CIF_ISP_MODULE_BLS; R
}

ISP Algorithms

src/ipa/breli/algorithms/blc.cpp

Algorithms - Black Level Correction




REGISTER_IPA ALGORITHM(BlackLevelCorrection, "BlacklLevelCorrection')

The class name. The algorithm name in
the tuning file.

rrrrrrrrrrrrrrrrrrrrrrrr

IIIIIIIII

src/ipa/breli/algorithms/blc.cpp

Algorithms - Black Level Correction
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namespace ipa {

template<typename _Context, typename _FrameContext, typename _Config,
typename _Params, typename _Stats>
class Module : Loggable

{

const std::list<std::unique_ptr<Algorithm<Module>>> &algorithms() const;
int createAlgorithms(Context &context, const YamlObject &algorithms);

static void registerAlgorithm(AlgorithmFactoryBase<Module> *factory);

The libipa Module class ,
template handles

algorithms management

for IPA modules.

src/ipa/libipa/module.h

IPA Modules




namespace ipa::brcli {

Module = ipa::Module<IPAContext, IPAFrameContext, IPACameraSensorInfo,
brcli_params_cfg, brcli_stat_buffer>;

class IPABrcli : IPABrcliInterface, Module
{

IPABrcli();

int init(const IPASettings &settings, unsigned int hwRevision,
const IPACameraSensorInfo &sensorInfo,
const ControlInfoMap &sensorControls,
ControlInfoMap *ipaControls) override;

int start() override;

void stop() override;

int configure(const IPAConfigInfo &ipaConfig,
const std::map<uint32_t, IPAStream> &streamConfig, , P ———
ControlInfoMap *ipaControls) override; S roxy Worker - Sandboxe

ISP Algorithms

\ J

src/ipa/breli/brcli.cpp

The IPA Module - With Help




int IPABrcli::init(const IPASettings &settings, unsigned int hwRevision,
const IPACameraSensorInfo &sensorInfo,

t ControlInfoMap & Controls, 7
ControlInfoMap *ipaControls) | Algorithms are
{ instantiated from the
File file(settings.configurationFile); tuning data flle

file.open(File: :0penModeFlag: :ReadOnly));

std::unique_ptr<libcamera::YamlObject> data = YamlParser::parse(file);
('data)
-EINVAL;

('data->contains("algorithms™)) {
LOG(IPABrcli, Error)
<< "Tuning file doesn't contain any algorithm";
return -EINVAL;

1 ] .

IPA Proxy Worker - Sandboxed

IPA Module

createAlgorithms(context_, (*data)["algorithms"]);

} ISP Algorithms

\ J

src/ipa/breli/brcli.cpp

The IPA Module - With Help




int IPABrcli::configure(const IPAConfigInfo &ipaConfig,
const std::map<uint32_t, IPAStream> &streamConfig,
ControlInfoMap *ipaControls)

{
(auto const &a : algorithms()) {
Algorithm *algo = <Algorithm *>(a.get());
/* Disable algorithms that don't support raw formats. */
algo->disabled_ = context_.configuration.raw && '!algo->supportsRaw_;
(algo->disabled_)
int ret = algo->configure(context_, info);
(ret)
ret;
b
} e IPA Proxy Worker - Sandboxed

ISP Algorithms

\ J

src/ipa/breli/brcli.cpp

‘0 The IPA Module - With Help



vold IPABrcli::queueRequest(const uint32_t frame, const ControlList &controls)

{

IPAFrameContext &frameContext = context_.frameContexts.alloc(frame);
(auto const &a : algorithms()) {
Algorithm *algo = <Algorithm *>(a.get());
(algo->disabled_)

algo->queueRequest(context_, frame, frameContext, controls);

Similarly, fillParamsBuffer()

~
IPA Proxy Worker - Sandboxed

calls algo->prepare(), and
processStatsBuffer() calls
algo->process|().

ooooooo

src/ipa/breli/brcli.cpp

The IPA Module - With Help
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libcamera-devel@lists.libcamera.org
Ircs://irc.oftc.net/#libcamera

laurent.pinchart@ideasonboard.com
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By the way, we are hiring
jobs@ideasonboard.com
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