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b)

Development Environment Setup

Install Microsoft Visual Studio 2019
Download and install Visual Studio 2019 with the default or following:

Select the custom installation.

To install C++, go to Program Languages > Visual C++ > Common Tools for Visual
C++ 2019

Install the Microsoft .Net Framework 4.6

Install latest Windows 10 SDK & tools under “Universal Windows App
Development Tools” (This package includes the Windows SDK for Windows 10)
Click Next to continue and follow the prompts to complete the installation.

Link: https://developer.microsoft.com/zh-cn/windows/hardware/windows-

driver-kit

Install Microsoft Windows Driver Kit (WDK) 10

Download and install Windows Driver Kit (WDK) 10 with the default

Link: https://developer.microsoft.com/zh-cn/windows/hardware/windows-

driver-kit

Check driver development environment

Run visual studio 2019

Click [File]=>[New]—[Project]

Pop up the [New Project] dialog

Select [Installed]—[Templates]—[Visual C++]—[Windows Drivers] of [New
Project] dialog and click it

If there are WDF in the [windows driver] than development environment install
is successful

DDK Package Instruction
Unzip DDK zip file to PC. DDK should include following folders

Documentation: setup & development guides.
Include: Required header files to compile sensor driver code


https://developer.microsoft.com/zh-cn/windows/hardware/windows-driver-kit
https://developer.microsoft.com/zh-cn/windows/hardware/windows-driver-kit
https://developer.microsoft.com/zh-cn/windows/hardware/windows-driver-kit
https://developer.microsoft.com/zh-cn/windows/hardware/windows-driver-kit

b)

Lib: vem, nvram, common static libraries

Sensor: Common source files and example code (just a skeleton)
Platform: Build script

Test: Camera Test Cases

Driver Visual Project Setup

New project setup
Follow https://docs.microsoft.com/en-us/windows-

hardware/drivers/gettingstarted/writing-a-very-small-kmdf--driver to create empty

KMDF project for new sensor driver.

¢ Run visual studio 2019

e C(lick [File]|=[New]—[Project]

e Popupthe [New Project] dialog

e Select [Installed]—[Templates]|—[Visual C++]—>[Windows Drivers]— [WDF]
e of [New Project] dialogand click it

e Select the “Kernel Mode Driver, Empty (KMDF)”

e Set the path of the project file to “Sensor” catalog of DDK Package

e Click [OK]

After creating a new sensor project, in Sensor folder, there are several files will be
created automatically by Visual studio 2019. Take imx362 for example, files are as
below: imx362.sln, imx362.vcxproj, imx362.vexproj.filters, imx362.inf. Other files

(imx362.rc, etc), copy from and refer to Sample.

Import common source files for all platform

e Right click Solution of Solution Explorer and pop up the dialog
e Select [Add]—[Existing Item] and click it

e Select common files of DDK Package and click [Add]

The common files for TGL Platform are following:

e Common\libiss\src\SsSensor.c
e Common\libiss\src\vcm\vcm_map.c

e Common\libiss\src\nvram\nvram_map.c

Import common source files for Sensor
Take imx362 for example.


https://docs.microsoft.com/en-us/windows-hardware/drivers/gettingstarted/writing-a-very-small-kmdf--driver
https://docs.microsoft.com/en-us/windows-hardware/drivers/gettingstarted/writing-a-very-small-kmdf--driver

d)

e Copy files from Sample project Sample.c, Sample_setting.c, SensorTrace.h,
device.h to your sensor folder, rename Sample.c as imx362.c, and rename
Sample_setting.c as imx362_setting.c

e Manually modify the project file (imx362.vcxproj) to add below files:
<ltemGroup>

<Clinclude Include="device.h" />
<Clinclude Include="SensorTrace.h" />

</IltemGroup>

<ltemGroup>
<ClCompile Include="..\Common\libiss\src\nvram\nvram_map.c" />
<ClCompile Include="..\Common\libiss\src\SsSensor.c" />
<ClCompile Include="..\Common\libiss\src\vcm\vem_map.c" />
<ClCompile Include="imx362.c" />

</ItemGroup>

Additional Include Directories

Right click Solution of Solution Explorer and pop up the dialog
Click [Properties] and pop up the dialog

Select the [Configuration Properties]—[C/C++]—[General]
Set “Additional Include Directories” to values of the following

\

\skgc;

.\common\;

.\common\inc;
..\common\libiss\libinc;
..\common\libiss\src\nvram;
.\common\libiss\src\vcm;
.\-.\include;..\..\include\Skycam;



Property Pages T X
Configuration: |Release | Platform: |64 ~| | Configuration Manager...
4 Configuration Properties Additional Include Directories s \skez\ - \wem:.|
General
A::::ﬁd Additional Include Directories r X
Debugging
Ve e [l I
4 C/Crs A "
Cprm \commontinc
Preprocessor \eommontibis:\libinc
Code Generation \commoniibiss\src\nviam
e \commontlibiss\srcvem v
Precompiled Headers i 14
Sl Evaluated vahuc
Advanced R .
Al Options Ncommon
Command Line “\commaninc
b Linker \commontlibiss\libinc v
b Diiver Settings
b Driver Install Inherited values:
b Resources e
b Build Events
b Stamplnf
b Inf2Cat
b Driver Signing
b Wpp Tracing
b Message Compiler Inherit from parent or praject defaults
b Counters Manifest Preproc
b Code Analysis
b ApiValidator
Additional Include Directories
Specifies one or more add p: semi-colons if morethan one.  (/I[path])
< >
Aeniy

e Set “PreprocessorDefinitons” to values of the following

% (PreprocessorDefinitions)
OTM _SENSOR_CONTROL _LOGIC
_WIN2K_COMPAT_SLIST_USAGE
PLATFORM_PINOLE_C
RESHUB_USE_HELPER_ROUTINES
$(INPUT_SYSTEM)

Property Pages

? x

Configuration: | Release

Platform: | x64

| Configuration Manager..

4 Configuration Properties
General
Advanced

Precompiled Headers
Output Files
Browse Information
Advanced
All Options
Command Line
Linker
Driver Settings
Driver Install
Resources
Build Events
Stamplnf
Inf2Cat
Driver Sigring
Wep Tracing
Message Compiler
Counters Manifest Preprod
Code Analysis
ApiValidator

Preprocessor Definitions

Preprocessor Definitions

?

x

Pe(PreprocessorDefinitions)
OTM_SENSOR_CONTROL_LOGIC
_WIN2K_COMPAT SLIST_USAGE
PLATFORM_PINOLE_C
RESHUE_USE_HELPER ROUTINES
S(INPUT_SYSTEM)

Evaluated value:

9(PreprocessorDefinitions)
OTM_SENSOR_CONTROL_LOGIC
_WINZK_COMPAT_SLIST_USAGE
PLATFORM_PINOLE C
RESHUB_USE_HELPER_ROUTINES

Inherited values:

_WIN32_ WINNT=S(WIN32 WINNT_VERSION)
WINVER=S$(WINVER_VERSION)

WINNT=1
INTDDI_VERSION:=S$(NTDDI_VERSION)

Inherit from parent o project defautts

%(PreprocessorDefinitions;;0TM_SENSOR_CONTROL LOGIC; WIN2K COMPAT_SLIST_USAGE;PLATFORM_PINOLE CRESH!

Preprocessor Definitions
Defines 2 preprocessing symhols for your source file.

Apply




Add dependencies and library for sensor project
In “linker ->General->Additional Library Directories”:

Lib Files:

Lib Path:

ntstrsafe.lib;
common.lib;
vcem.lib;
nvram.lib

.\..\Lib\$(PLAT_FORM)\$(Configuration)\$(Platform);

‘ Configuration: |Release

~ | Platform: |x64

~ Configuration Manager... ‘

VC++ Directories Qutput File $(OutDin$(TargetName)$(TargetExt)
! 4 C/C++ Show Progress Not Set
i General Version 10.0
{ Optimization Enable Incremental Linking No (/INCREMENTALNO)
| Preprocessor ! Incremental Link Database File
Code Generation Suppress Startup Banner Yes (/NOLOGO)
1 Languags Ignore Import Library No
1 grecomg_llled Headers Register Output No
I o LItput Ilfes - Per-user Redirection No
i rowse Information
1 Advanced Additional Library Directories - \ALBAS(PLAT_FORM)\$(Configuration)\$(Platform); % (Ac
! All Options blnkt_lsraw;)epem:emclels \:s
] o] s ,SE ibrary Dependency Inputs o
i A Wiz Link Status
| e — Prevent DIl Binding
Innut Treat Linker Warning As Errors Yes ({WX)
Additional Library Directories ? >
o ||| N ||
AALIDAS(PLAT_FORMM\S (Configuration)\$ (Platform)
Evaluated value:
M ALib\\Release\x64

%(AdditionalLibraryDirectories)

Inherited values:

Inherit from parent or project defaults Macross >

Cancel




imx362 Property Pages

? X

Configuration: | Release v Platform: [x64 +| Configuration Manager...
4 Configuration Properties Additional Dependencies ntstrsafe.lib;common.lib;vcm.lib; 1lib; %A pendencies)
General Ignore All Default Libraries Yes (fNODEFAULTLIB)
Advanced Ignore Specific Default Libraries
Debugging Module Definition File
VC++ Directaries Add Module to Assembly
b CiCoe Embed Managed Resource File
o g Force Symbol References
Delay Loaded Dils
Manifest File Assembly Link Resource
Debugging
System
Optimization
Embedded IDL
Windows Metadata
Advanced
All Options
Command Line
b Driver Settings
P> Driver Install
I> Resources
b Build Events
b Stampinf
b Inf2Cat
b Driver Signing
b Wpp Tracing
b Message Compiler
b Counters Manifest Prepro]
I Code Analysis Additional Dependencies
b ApiValidator Specifies additional items to add te the link command line. [i.e. kernel32.lik]
< >
Cancel Apply
- =
f) Enable WPP Trace configuration
imx362 Property Pages ? x
Configuration: | Release ~ | Platform: | x64 ~ Configuration Manager...
4 Configuration Properties Look for options or switches:
General
Advanced
Debugging
VC++ Directories Additienal Cenfiguration File
4 C_/C++ Additional Include Directories
4 Llrfker Additional Options
b DarmrsEinss Alternate Configuration File
I Driver Install . .
Configuration Directories S(WPP_CONFIG_PATH)S(WPP_REVISION)
b [z Enable Inflight Trace Recorder Yes
I Build Events
Enable Minimal Rebuild Yes
I Stamplnf - -
b Inf2Cat File Extensions
b Driver Signing Function To Generate Trace Messages DoTracelevelMessage(LEVEL.FLAGS.MSG....)
4 Wpp Tracing Ignore Exclamation Marks
General Mumeric base for numbering of format strings
Function and Macro O Output Directory S{IntDir)
Search and Formatting| Preprocessor Definitions
File Options Preserve File Extensions
Command Line Run Wpp Tracing Yes
Options Scan Configuration Data SensorTrace.h
b Message Compiler Specify Control GUID
I Counters Manifest Preprog Specify Module Name
I Code Analysis Specify String To Search For
b ApiValidator Specify Template File
Run Wpp Tracing
< >

Cancel

Apply

5.

Develop Camera Driver with CameraDDK

Take imx362 for example.




a) Implement APIs for sensor
e Refine imx362_setting.c base on the sensor register setting
e Important content need implement in device.h. Such as, sensor register address
definition, additional export interface definition for this specific sensor.
e Important APIs need to be implemented in imx362.c. imx362.c implements the
function definition from device.h, which include the sensor.h and some export
function definition specific for this sensor.

Configuration part:

e const SNSR_MIPI_CONFIG SensorMipiConfig ;
e SNSR_CAPS SensorCaps;

e DefaultSensorMipiConfig can be overwrite by BIOS setting.
// Sample MIPI config
const SNSR_MIPI_CONFIG DefaultSensorMipiConfig =

{
MIPI_CSI2_PORT 0,
MIPI_LANES 4,
INPUT_FORMAT_RAW_10,
TYPE_RAW,

1

e DefaultSensorCaps can be overwrite by developer registry definition.
SNSR_CAPS DefaultSensorCaps =

{
MIPI,
RAW,
GET_RATIO(16, 9), // Aspect ratio
9, 9, // Aperture
65000, 1, // Exposure
800, 50, // IS0
2000, 100, 2000, // Focus min/max/default value - in millimeters
TRUE, // Focus support
TRUE, // Flash support
FALSE, // Scale support
29, // FOV FocallLengthX in mm
26, // FOV FocallLengthY in mm
9, // Camera Angle Offset pitch angle
9, // Camera Angle Offset yaw angle
1, // Embedded Line number 1
1,
#ifdef AE_EXACT_CONFIG
4,
4, // ae store
#endif
s

Resolution assignment:

e Sensor resolution list, is the sensor support output resolution, those resolution
list will expose to iacamera driver. Laterly, when iacamera need set resolution to



sensor driver based on use case requirement, it will firstly check this resolution

list to make sure the sensor support this resolution output.
SENSOR_RESOLUTION sensor_res_preview[] =

¢ {1932, 1092, 30, BINNING1X1l, 720000000, BGGR, BGGR, 0, 0, (REGS SETTING
...... RESOLUTION_TABLE_END

¥

SENSOR_RESOLUTION sensor_res_still[] =

¢ {1932, 1092, 30, BINNING1x1l, 720000000, BGGR, BGGR, ©, @, (REGS_SETTING
'''''' RESOLUTION_TABLE_END

s

SENSOR_RESOLUTION sensor_res_video[] =

¢ {1932, 1092, 30, BINNING1x1l, 720000000, BGGR, BGGR, ©, @, (REGS_SETTING
..... RESOLUTION_TABLE_END

¥

SENSOR_RESOLUTION sensor_res_raw[] =

¢ {1932, 1092, 30, BINNING1X1l, 720000000, BGGR, BGGR, 0, @, (REGS SETTING
...... RESOLUTION_TABLE_END

}s

Initialization interface

e GetTimingFactor() to get timing information for each resolution

e InitContext() to initialize PDEVICE_CONTEXT-> SENSOR_INTERFACE
e Detect() to implement sensor ID read and check

e EnableEmbeddedLine() to enable embedded line function

¢ InitResolution() to set a wanted resolution setting into sensor

e Stream() to enable/disable output stream

e ModuleCheck() to check sensor power status

e Releasel2c() to release all I2C resource

Export interface:

e (Cmd_SetExposure() to set exposure time and gain
e (Cmd_GetExposure() to get exposure time

e (Cmd_GetGain() to get gain

e Cmd_OtpRead() to read OTP data

e Cmd_OtpWrite() to write OTP



b) Graph setting files and tuning files
e Use ICG IQStudio PipeConfiguration tool to generate graph_setting files.
Graph_setting_(SensorName)_(Camera module name)_TGL.xml
e Tuning files, those are shared from Tuning team.

(SensorName)_(Camera module name)_TGL.aigb
(SensorName)_(Camera module name)_TGL.cpf

c) Update sensor inf config
e Update imx362.inf, copy the .aigb, .cpf, .xml files to this folder, then change inf to
copy those file to target folder in DUT

[imx362_Device.NTamd64]
CopyFiles=imx362_Device.NT.Copy
CopyFiles=CopyCPFFiles
CopyFiles=CopyX64ExtraCPFFiles

[imx362_Device.NT.Copy]
imx362.sys
graph_settings_imx362_A12N08B_TGL.xml

[CopyCPFFiles]
IMX362_A12N08B_TGL.cpf
IMX362_A12N08B_TGL.aigb

[CopyX64ExtraCPFFiles]
IMX362_A12NO8B_TGL.cpf
IMX362_A12N08B_TGL.aigb

[SourceDisksFiles]

imx362.sys =1

IMX362_A12NO8B_TGL.cpf = 1
IMX362_A12N08B_TGL.aigb = 1
graph_settings_imx362_A12N08B_TGL.xml =1

jmmmmmmm e ee Service installation
[imx362_Device.NTamd64.Services]
AddService = imx362,%SPSVCINST_ASSOCSERVICE%, imx362_Service_Inst

e Update imx362. vcxproj, copy the .aigb, .cpf, .xml files to release folder.

<Target AfterTargets="Build" Name="CopyBinAndCPF">
<Copy Condition="$(PLAT_FORM.Contains('TGL"))"



d)

DestinationFolder="$(BinplacePath)Product\$(DrvPkgDirName)"
SourceFiles="IMX362_A12N08B_TGL.cpf;
IMX362_A12N08B_TGL.aigb;
graph_settings_imx362_A12N08B_TGL.xml" />
</Target>

Update iacamera driver config
CameraDDK\Include -> include the related iacamera driver header file
(sensor_intfclass.h & sensor_intf.h).

Sensor_intf.h define the interface between the iacamera driver and the sensor
driver.

SsInitContextCommon will transfer the sensor, VCM and nvram interface to
iacamera driver.

iacamera driver query the interface based on SymbolicLinkName.

e Generate new GUID for this new sensor with Visual Studio “Create GUID” tool,
and add this definition in file
C:\proj\myproject\w\camerasw\Source\Camera\Include\sensor_intfclass.h

Create GUID - x

Choose the desired format below, then select "Copy™ to
copy the results to the clipboard the results can then be

Egﬁ:d into your source code). Choose "Exit" when New GUID

Exit

Copy

GUID Format

(01, IMPLEMENT_OLECREATE(...)

@ 2. DEFINE_GUID(.)

() 3. static const struct GUID =1{ ... }

(0 4. Registry Fomat (ie. beecooooce . oo 1)
(5. [Guid{" oo 0oo”)]

() 6. <Guid{"oooeoocoe ... oon")>

Result

#/ {329286C2-33E2-4018-89F3-A1CECA6TTIBE}
DEFINE_GUID(z<names>,

(3292862, (e33e2, 4018, 0x89, B3, Beal, ook, BB, 67, (79,
(xbe);

¢ Add the same GUID in your iacamera extension inf file (i.e. iacamera64_tgl_ext.inf
) for this sensor and add filter and pin data range for camera APP to enumerate
this sensor. Please refer to imx362 config in iacamera.inf which is released with
driver build.

¢ Please note any changes in .inf need resign .inf and generate a new .cat file with
DigitalSigning Tool.



Here is MSDN for INF files: https://docs.microsoft.com/en-us/windows-

hardware/drivers/install/overview-of-inf-files

Add sensor trace GUID for WPP trace

e Add sensor GUID in the SensorTrace.h file.
#define WPP_CONTROL_GUIDS \
WPP_DEFINE_CONTROL_GUID(CtlGuid, (07A61642, EO6E, 42EE, BO30,
A78D7C77CAF1), \

WPP_DEFINE_BIT(FLAG_LOG) \
WPP_DEFINE_BIT(FLAG_WARN) \
WPP_DEFINE_BIT(FLAG_ERROR) \

)
e (Create imx362.ctl file and add the same GUID in it.

07A61642,E06E,42EE,B030,A78D7C77CAF1 Trace
e Add sensor GUID in the trace.ctl in the DriverLog tool
07A61642-EO6E-42EE-B030-A78D7C77CAF1 imx362

Build Driver

Execute batch file \ Platform\BuildCameraSensor.bat to generate sample driver
binary. Also you can modify this batch to add your own driver project.

The build results put in CameraDDK\Sensor\imx362\x64\Release\imx362.

Example:

Build SKL & CNL sensor driver: BuildCameraSensor.bat
Build SKL sensor driver: BuildCameraSensor.bat SKL
Build CNL sensor driver: BuildCameraSensor.bat CNL
Build TGL sensor driver: BuildCameraSensor.bat TGL

Sign Driver

Sign sensor driver(imx362.inf) and resign iacamera64_tgl_ext.inf if there is any
change in it.

e Share the build sensor driver package to ICG, Use ICG DigitalSigning Tool to sign.
e Enable test sign during development and test stage

Refer to Enable Loading of Test Signed Drivers

Bcdedit.exe -set TESTSIGNING ON

Bcdedit.exe /set nointegritychecks ON



https://docs.microsoft.com/en-us/windows-hardware/drivers/install/overview-of-inf-files
https://docs.microsoft.com/en-us/windows-hardware/drivers/install/overview-of-inf-files
https://docs.microsoft.com/en-us/windows-hardware/drivers/install/the-testsigning-boot-configuration-option

