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Overview
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1 Introduction

1.1 Overview

RKISP Tuner (hereinafter referred to as Tuner) provides a set of tools for users to tune ISP
parameters. Users can perform Calibration, Tuning, etc. on all ISP modules in Tuner. Users can
use the Capture Tool provided by Tuner to capture Raw images. complete the calibration of the
basic modules in the Calibration Tool. connect the device in Tuner and perform online ISP

parameter tuning.

1.2 Related Versions

Chips Systems ISP Version
RK356x Linux/Android RKISP21
RK3588 Linux/Android RKISP30
RV1106 Linux/Android RKISP32

ISP21, ISP30, and ISP32 versions have greatly improved compatibility. Users should make sure
that ToolServer and RKISP Tuner versions can match. If the parameters on the tool page are
different from the parameter files on the device side, please contact RockChip engineers to
update the parameter template file.

1.3 Environment Preparations

® Computer Environment Requirements

1. The computer running Tuner must have an x64 version of Windows 7, or a later 64-bit
Windows operating system.

2. Before running Tuner, the 64-bit version of MCR_R2016a (9.0.1) should be pre-installed (only

this version is supported), download address:
https://ww2.mathworks.cn/products/compiler/matlab-runtime

® Environmental requirements on the device side

1. Have an Ethernet card and support the use of wired, wireless, etc. to connect to the local area
network.

2. For devices without network card, should support the RNDIS function. In this case, the device

will be recognized as a USB network card, and the PC can be connected through USB.


https://ww2.mathworks.cn/products/compiler/matlab-runtime

1.4 Installation and Configuration

The RKISP2.x Tuner does not need to be installed. It can be used directly by unzipping it to any
directory with the decompression tool, But avoid unzipping to a path with Chinese characters.

It is mentioned in Section 3 that MCR_R2016a needs to be pre-installed before running Tuner.

The installation steps are as follows:
1. Open MCR_R2016a_x64.exe and wait for unzipping completed

WinZip Self-Extractor - MCR R2016a x64.exe

Extracting MATLAB Runtime R2016a for nstallation

Setup
Instaliation will start once all fles are extracted
Cancel
BOEIRRING mer_numerncs_ja_JP_common_ 1443640846 enc About
Figure 1-4-1
2. Click Next, choose to agree to the terms, Next, click Install
— D N

4\ MATLAB Runtime Installer

| This application will install MATLAB Runtime.

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Please see
mathworks.com/trademarks for a list of additional trademarks. Other product or brand
names may be trademarks or registered trademarks of their respective holders.

WARNING: This program is protected by copyright law and international treaties.
Copyright 1984-2016, The MathWorks, Inc. Protected by U.S. and other patents. See
MathWorks.com/patents

Figure 1-4-2
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3. Wait for the installation to complete
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Figure 1-4-3
4. Installation completed
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Figure 1-4-4



2 Function introduction

2.1 Overview

Users should follow the below process when doing the tuning work:

New Tuning Project Raw Capture Calibration ISP Tuning
[ A | [ AHoR |
Path Manual Exposure ‘ BLC ‘ ‘ LsC ‘ |Bayer NR| | o— |
Ll ‘ . ‘ ‘ AWB ‘ | ,| [ MFNR | [ Denaze |
CIS Info Auto Exposure
‘ Gic ‘ ‘Bayer NR‘ [LuR | ['Sharpen |
[ vnR | [Edoe Fitted]
Generate XML Multi-Frame Proc | YNR ‘ |FECJLDCH‘ | |
Simulator
Figure 2-1-1

In the preparation stage, the user needs to generate a basic IQ file (,json format) in the tool, which
records all the adjustable parameters in the ISP. After completing the tuning, the user needs to
replace the file to the corresponding location in the firmware or device, and then restart the
camera application to confirm the final image effect.

Since the functions of the tool such as raw capturing, online tuning, and parameter interaction
are transmitted through the network protocol, therefore, when prepare for the tuning

environment, users need to connect the PC and the device to the same local area network.

The calibration work should follow workflows as below:

BLC > LSC —» CCM
> AWB
> YNR
GIC
Bayer NR
Figure 2-1-2

Since the calibration of some parts will depend on the results of previous one, users should
complete the calibration work in the order of the process. After completing the calibration of one
module, make sure the results are correct.



2.2 Sensor Configuration

B | Sensor Information _ 0
File
Param ) (Resolution
READ WRITE READ WRITE
(CISMinFps |[10.00 B | width [1600 SR |
CISFlip |lo 7n height [1200 0
. AN
Gain2Reg | ( Time2Reg
READ WRITE READ WRITE
(GainMode | EXPGAIN_MODE_LINEAF - || [fCoeff show data
|GainRange | show data 5 i
\_ / (CISTimeSet
CISGainSet 3| Rread WRITE
READ WRITE Linear.TimeRegMin | [4 SR |
|CISAgainRange.Min | 11.000 el | neRegMaxFac.fCoeff show data
CISAgainRange.Max | (17.060 =/l neRegOdevity.fCoeff show data
ixtraAgainRange.Min| [1.000 el | Hdr Har
xtraAgainRange.Max| [1.000 el | \
|CISDgainRange.Min | 1000 @ CISDcgSet
/CISDgainRange.Max| [1.000 n READ WRITE
|SIsngainRange.Min| 1.000 Sl | Linear.support_en | () Enable (® Disable
Figure 2-2-1

The Sensor configuration Ul is shown in Figure 2-2-1. It has two parts:

1. Parameter tuning area: For the parameter description please refer to the "sensorinfo
parameters” in section 4.1.2.5 of Rockchip_Tuning_Guide ISP21/30/32. Users should
refer to the Sensor's Datasheet to enter (this part may require the help of a driver engineer).

2. Menu bar: Includes the import and export to SensorList.ini




2.3 RKISP Capture Tool

& RKISP Capture Tool v2.2

File

1 Config

IF Address

192,163, 10. 11

Frot.

5543

Svitch To Tuning Mode

Start KIS Streming

ice Status

Mode Quiry

Stop KTSP Strasming

o Bax Captwre | Online Capture

Rer Previev & Statistics

Sensor: [scBD0ai ¥ | Light: D76 v Module |TEST
width: [ 2880 | Meich 1616 Bits 1
Gain Rangs® ‘ Lo 3] - 768 0
Bap Range! | 0.0010 - 0,100 T
w | ]
Conversion Gain Mode A ornal Owe e
Manual Exposure  Aato Exposure VWA Captwrs
Begin [ step Ead
Gain 1.0 & :$ 1
ExpTime oom 3 o0 3| 0owmo
Frame Nunber 1 B x 1
[OMalti-Prane [JLow-Light [JHigh-Light Start Nanusl Capture

Demossic

Black Laval (R66H) (12bi): 0 [ 0 0

Luns Stats Range: | 100 Bayer Order BGGh -

Mown Luma; | Max Luna: [ Min Lana

¥B Stats Range: | 100 Red Gain [ Blue Gain:

Figure 2-3-1
The main Ul of RKISP Capture Tool is shown in Figure 2-3-1. It has 3 parts:
1. Device-side connection configuration
Provides device network parameter configuration, mode switching function, and test
connection function.
2. Capture settings

It has two parts: Raw Capture and Online Capture:

Raw Capture: Offline raw capture, including configuration of camera and exposure control:
Configuration of Camera: Provides Sensor Exposure parameters, Source Name of
Module/Light, Resolution and Gain/Exposure parameter ranges required for capture.
Exposure control: Supports both manual exposure and automatic exposure, as well as
a picture-taking function specially used for NR calibration.

Manual exposure allows configuring the step size for traversing and capturing multiple
exposure combinations.

Automatic Exposure: This function is used to automatically search an exposure parameter

until reaching the target brightness set by the user.

YNR Capture: This function is used for capture a raw image for YNR Calibration, the detail

please refers to chapter 4.6.1.

Online Capture: This function is used for capturing in online stream, supports both raw and

yuv formats.

3. Preview and Statistics of Raw Images

The captured Raw image (displayed in grayscale), histogram, and ROI brightness are

displayed here.



2.4 RKISP Calibration Tool

The calibration tool will load the RKISP calibration tool (Figure 2-4-2) for the selected chip and
version (Figure 2-4-1), and the imported 1Q file should also match the chip and version.

B Config X

Flatform setting

RV1106 s

RE3561
RE3588 I

IP Address [192. 168.10.11 |

C
Disconnect
Port 5543 |
[ Do not show agzain 0K
Figure 2-4-1
W7 RKISP Calibration Tool foiRVl'IUﬁ v1.0 - o X
1Q File
Raw Fils Options BLC ISC MB COM  BayerNR YNR  FEC & LDCH  Simulster
Width:
e | RS —
e [ ]
4095 0
) —
Edit Options 2 S
El
? 20475
K]
]
L 10238
2
g DD o 512000 1024000 1636000 2048000
RVLIO6 setting ‘
Load Raw Files del iso tag
® for Linear Mode
Calibrate
() for HDE Wode
o1z bit) oo |3 Save
Figure 2-4-2

The main Ul of RKISP Calibration Tool is shown in Figure 2-4-2, it includes the calibration
functions of the following modules:

BLC: Black Level Correction

LSC: Lens Shading Correction

CCM: Color Correction Matrix

AWB: Automatic White Balance Correction

10



GIC: Green channel balance correction (calibration is integrated in the Bayer NR module)
Bayer NR: Raw domain noise reduction, including Bayer 2DNR, Bayer 3DNR

YNR: Y channel noise reduction

FEC: Fisheye Calibration

2.5 RKRAW Tool

57 RKRAWTool ¥1.0.2 - [m] x
Fle Edit View
€ > A ; 3
File Systen 8 x|l = File Infe LE:

) -

- e (D)

- EH (E)

- B ()

- X (G

- TfEH:)
a (-1} 100 150 200 280
GRAY

/) MW Fornst Frame Info  Register il
[
xS
SensorE
SR
©s
e
3
o=
Bayertiz
HDRE AEREE
e
T
wUSE
i
0,0
Figure 2-5-1

The main Ul of RKRAW Tool is shown in Figure 2-5-1. It supports viewing in those formats:
jpg/bmp/png, raw, RKRawV1, and RKRawV2. This tool has four parts:
1. File system, for selecting the image path to view.
2. Display window:
Right-click the display area to switch between GRAY/RGB, Normal/Hdr Short/Mid/Long
(only support the RKRawV2 format), as shown in Figure 2-5-2.
Hold down the Ctrl and wheel in or out to zoom in or out.
3. Histogram display: Histogram statistics in gray channel
4. The information of RKRawV2: Such as raw format, exposure parameters, etc.
5. Compare: Hold down the Ctrl and select more than 2 images at the same time and click
compare button as shown in Figure 2-5-3.

11



B’ RKRAWTool v1.0.0

File Edit View

L ﬂ ire_inage-20201214-01 /capture_image-20201214-01 /rke an_v1. S-hdr—yaw_2017-08-05_02-24-31/0x04a10_fr ane154_2688x1520 - |

File Systen
- % (C)
- 3 (D)
- I (E)
- IEF)

8 x

Format »

Frame

Normal
Hdr Short

Hd

d

POS:(1243, 259), RGB:(255, 255, 255)

Figure 2-5-2

® | RKRAWTool v1.0.0

File Edit View

€ D N M [rosinesc 2020121401 /capture_insge20201214-01 /rkrav_vl 5-hdrrav_2017-06-05_0224-31/0s04a10_franel54_2668x1520 |

File System & X
i E (C) E: /capture_inage-20201214-01/capture_image-20201214-01 QE: /capture_image-20201214-01/cspture_inage-20201214-01
- SR (D)
- 3T (E)
- IfEF)

<

POS0:(1514, 36),RGB:(66, 117, 71) POS1:(1514, 36),RGB:(65, 114, 70)

Figure 2-5-3
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2.6 RKISP 3D-LUT Tools

8 RKISP 3DLutTool v1.0.1

(m}
{ile Image Options 2
Look-Up-Tabla Fravier
table nsme
Grid Division: |8 ¥ | Color Space: |LAR - Reset LUT
128.0
- }
4.0 ® @
b '
[ 3 o
[ ® L
[ ® ®
[ . o
| =l
2 oo I EE NN N UNENNNNNDN,]
eg0 ‘
P ° Insge Preview
[ ] » b ..
@
e ® L ]
[ ¢ @ - L
64 0
= ® [
@
u
128.0
-128.0 4.0 0.0 8.0 128.0
Ax
Apply LUT From Current Adjust Apply LUT From IQ File
Adjust Sat: [ | Mjast Hoe: [ |
A [1] el B: [1] =2 Q Sre! B a [1] B
[ 1-> [ ] [ | =21 re [ ] [ ] B: [ ] After & Before
Sat: [ i ][ ] ] Hue: [ i ] = [ 1 ] || Bes: & [ ] ]6: [ ] J B [ |
LT = LUT Re Freview Sro Praview K

The main Ul of RKISP 3D-LutTool is shown in Figure 2-6-1, including two parts: Left is the LUT

area, right is the preview area.

1. File: Includes image import, IQ parameter import and save, LUT Info import and save.
Load Image: Click Load Image to import (supports jpg/bmp/png/nv12), the image will be
displayed in the Preview area on the right as shown in Figure 2-6-2.

Load 1Q File: Click Load 1Q File to import IQ parameters, select the scene and Lut3D table to

be imported. As shown in Figure 2-6-3.

B RKISP 3DLutTool w1.0.0
File Image Options
Load Image
Load 1Q File
Sawve |1Q File

Import LUT Info
Export LUT Info

* | Color Space:

Figure 2-6-2
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B | Scene Selection ? X "' Lut3DTableSelection X

Scene Selection Lut3D Table Selection

normal: day Normal

[ 0K | Cancel =

Figure 2-6-3

Save 1Q File: Click Save IQ File, user can choose to overwrite an existing table in the 1Q file or
create a new table, as shown in Figure 2-6-4.
# ' Lut3DTableSave X

Save Setting

(O Replace Table Hormal

@ New Table A | & —
awbGain
R/G: [0. 925301 12| B/6: [2.409340 g
Save
Figure 2-6-4

2. Color search: Move the mouse on the image, the color corresponding to the mouse point
will be marked in the left LUT, as shown in Figure 2-6-5. Left-click the current position to lock
the marked color in the LUT. Adjust the color by “Adjust Sat” and “Adjust Hue” or directly
drag the marked point. We can see the before and after of AB, Sat, Hue, RGB values of the
marked points and the color changes in LUT/Preview.

14



" RKISP 3DLutTool v1.0.0 - o X

File Image Options

Look-Up-Table Preview
Grid Division: 8 ¥ | Color Space: |LAB - Reset LIT
128.0
2
EY
] ® =
6.0 ® @ *
® .
° e °
. : an
[ P 4
[ e ]
& 00 HescseocooomROOO on
° [ L)
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& .
® 9
L 2
-64.0 ® ® L}
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®
=
128.0
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Apply LUT From Current Adjust Apply LUT From 10 File
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LIT Sre LUT Res Preview Src Preview Res

Figure 2-6-5
3. Adjust Sat: Drag the slider, the marked colors in the LUT will change together with the
nearest colors, as shown in Figure 2-6-6 (a). If you only want to change the marked color, and
keep the positions of the other colors, you can right-click the color you don’ t want to move,
and after turning the dot into a square, its position is locked. Drag Adjust Sat, then only the
marked color in the LUT changes. As shown in Figure 2-6-6 (b).

7 RKISP 3DLutTool v1.0.0 - a X

File Image Options

Look-Up-Table Preview
Grid Division: 8 ¥ | Color Space: |LAB A Reset LUT
128.0
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[ * =
64.0 [} L 1 w
L4 E
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& o0 Heeoceoooeoon
[ o®
°
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\/ L ®
-64.0 e ® ®
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W7 RKISP 3DLutTool v1.0.0 - o0 X
File Image Options
Look-Up-Tabla Previe

Grid Division: |8 ¥ | Color Space: LAB ¥ Reset LUT

128.0

64.0

-128.0
-128.0 -64.0 0.0 64.0 128.0

Apply LUT From Current Adjust Apply LUT From 19 File

Adjust Sat: m Adjust Yun 1

e ——

44,1942 ]-»> [aise ] B[ ai0e 1 -» [41942 43 le: 104 e[ 188 ]
After & Before
Sat: —>m»m ->III Res: RIIIG [ e[ 15 ]
(b)
Figure 2-6-6

4. After & Before: View the image before and after adjustment

5. Reset LUT: Restore the default values of LUT

6. Image: Support image left and right rotation, vertical/horizontal flip transformation and
save the adjusted image, as shown in Figure 2-6-7

File Image Options
La Rotate Left (counter-clockwise)

Rotate Right (clockwise)
Gr

rn

Vertical Flip
Horizontal Flip

Save Preview Image

Figure 2-6-7

7. Options: Support LUT display settings, you can adjust the size and line width of marker
points, as shown in Figure 2-6-8.
Options
b LUT Display Setting » Marker Size
Line Width —

on: ‘B "‘ Col

Figure 2-6-8
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2.7 RKISP 3A Analyzer Tool

7 RKISP 3AAnalyzerTool v1.0.0 = a X

[ open WRL: [rtsp://192. 168. 10.11/Live/0 TinerSet(s) reverse color| O A8 O B O AF

Figure 2-7-1
Click Connect to rkaiq_tool_server, open RKISP 3AAnalyzerTool, the main Ul is shown as Figure
2-7-1, modify the URL address, check Open to start preview, the current version supports
obtaining statistical data of AE and AWB modules.

TimerSet: Adjust the interval for getting data

Reverse color: Change the color of the data in the preview panel.

Click the AE button to open the AE module, and display the dynamic histogram in the AE
Statistics window. Then the image in the preview panel of the main Ul will be divided into 15 * 15
small grids, each grid will display the statistical value (12bit) of the corresponding block, the

display channel can be switched by the Channel list, HDR mode supports L/M/S frame statistics
display, as shown in Figure 2-7-2.
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] Open  VRL: Irtsp://192. 168.10. 11/1ive/0 I TimerSet(s) 1. 000 > ‘reverse color @ Oms O AF

B AE Statistics — O X
AE Preview Statistics Control
Workmode: Linear 4 200000 -
Channel (12bit):
150000 -
100000
50000
0 ™ L L L !
0 50 100 150 200 250

Figure 2-7-2

Click the AWB button. In the AWB Statistics window, the status information of the current AWB
will be dynamically printed. Then the image in the preview panel of the main Ul will be divided
into 15 * 15 small grids, and each grid will display the number of white points and the WBGains of

the corresponding block, as shown in Figure 2-7-3.
B3 RKIS AAnalyzerToo 0 = O

[ Open VRL: [rtsp://192.168.10. 11/Live/0 ] TimerSet(s) |1.000 3 reverss color) O AE @ avB O AF

- T

#7 AWB Statistics - o X
AWB Preview Statistics Control

WpHo
[] RGain BGain

Rockchip AYE Analyzer v1.0 )

68th calculate wbzain
mode:OP_AUTO
global CCT:6657.02, CCRI:—0. 112936, valid: true whgain_sé(after damping)(rgzb): (1.6«
awbConverged(true) , LVValue(1938), WPType(3), d£(0.9)
WENo (normal, big): (15291, 15405), vaild wp number in standard 1ight(15235), vaild w
select white point range type (0—mormal xy range, 1-big xy range, 3-extra light) : 0
runInterval (0), tolerance(0)
whGainSge for WPTypel(rggb): (0, 0, 0, 0) ,wbWeightSge(—1), sgeGainEqu2Tem(false)
wbGainSpa for WPTypel (rggb): (0, 0, 0, 0) ,wbWeightSpa(-—1), spaGainEqu2Tem(false)
whGainTep for WPTypel(rgeb): (0, 0, 0, 0)
wbGainTypel (rggb): (0, 0, 0, 0)
wbGainType3(rggh): (1.63662, 1, 1, 1.61629), weight of wbGainTyped: 1
whgain_sl :(1.63662, 1, 1, 1.61629) is updated (true)
wbgain_s3 (wbgainclip) :(0, 0, 0, 0)
whgain_s4 (wbgainAdjust) : (0, 0, 0, 0)
whbgain_s6 (wbgainDffest) :(0, 0, 0, 0)
hdrFrameChoose : —1
select algorithm method based on stat_mode 0 (0-wp,1-gw) : O
WplNoHist: 0, 0, 0, 0, 0, 0, 0, 0
A

{ e S v = " - S = Y

b

strategy_result. gain (rggb): (0, 0, 0, 0)

prob_total (0), prob_dis(0. 129426), prob_LV(0. 142857), prob_¥PKO(0)
spatial gzain(rgeb):(1.33656, 1, 1, 1.70254), statistics gain weight()
typeD: gain (rgzb): (0, 0, 0, 0) ¥PNo(0)

typel: zain (rgeb): (0, 0, 0, 0) WPNo(0)

Figure 2-7-3
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3 Quick Start

3.1 Preparations

The ISP tuning has a lot of work to do on the device side. Here we need to run a service
application on the device side to transfer data between Tuner and AlQ, and we can also
use it for capturing raw image and other works. To do this, before starting the Tuning
job, the service application and other relevant files need to be push to the device and
run.
The following two parts describe the preparations required to tuning on the Android
and Linux:
1. LAN connection
2. Run rkaiq_tool_server and other environment configuration jobs (where command execution
and file transfer can be done via: TFTP, serial port, ADB and other protocols or tools. ADB is
used in the example)

3.1.1 Android

3.1.1.1 RK356X & RK3588

For devices that can be connected using a wired network:
1. Connect the device to the router with a network cable
2. Use the ifconfig command to view the IP address of the device
3. The PC is also connected to the same router (either wired or wireless)
4. Check the IP address of the PC, and use ping on the command line of the PC or device to
confirm that the network path is normal

For devices that cannot be connected using a wired network (tablets, etc.):
1. Connect the PC and EVB with a USB cable (the same port as ADB)

. Turn on the power and enter the system

. Open Settings

. Enter Network&internet

. Enter Hotspot&tethering

. Turn on USB tethering

. adb shell into the device side

. Execute ifconfig usbO to view the IP address

O 00 N o0 L1 A W N

. Use ping on the command line on the PC or device side to confirm that the network path is
normal
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Operations required to run rkaiqg_tool_server (if the required service application and
other dependent files already exist in the corresponding path on the device side, just

run rkaiq_tool_server directly):

1. Compile and obtain rkaig_tool_server and rkaiq_3A server in the SDK

2. Path in SDK: external/rkaiq_tool _server, firmware must be user-debug version

3. Push the android.hardware.camera.provider@?2.4-service.rc file into
/vendor/etc/init/ on the board under the path

4. Enter the /vendor/etc/init/ path and execute the command to modify permissions:

chmod 644 android.hardware.camera.provider@?2.4-service.rc

5. Push rkaiq_tool_server and rkaiq_3A_server into the /vendor/bin/ path of the board
6. Enter the /vendor/bin/ path and execute the command to modify permissions: chmod
755 rkaiq_tool _server (and rkaig_3A server)

7. Execute the flush cache command: sync

8. Restart the device

9. Execute the command: setenforce 0

10. Open the camera apk

11. Run rkaiq_tool_server

Example of ADB operation:

#The following commands are run in cmd on the PC side

adb root

adb remount

adb push android.hardware.camera.provider@2.4-service.rc /vendor/etc/init/
adb push rkaiq_tool server /vendor/bin/

adb shell

# The following commands are executed in adb shell terminal

chmod 644 /vendor/etc/init/android.hardware.camera.provider@2.4-service.rc
chmod 755 /vendor/bin/rkaiq_tool_server

sync

reboot

# After restart, enter adb shell again
# disable SELinux

setenforce 0

# Manually run the camera apk first
# Then run tool server
/vendor/bin/rkaiq_tool_server &

For multiple cameras example:

#1f there are 2 sensors in the device and you need to switch to another sensor for tuning,
run tool server as follows:

/vendor/bin/rkaiq_tool server -d 1 &
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Note: After pushing the initial version of IQ parameters generated by the “New” function into the
device, use the following operations to reset the camera application and run ToolServer again. If
there are abnormal problems such as crash, stuck, failure of online tuning, unable to preview, etc.,
please also try to reconnect the tool according to the following steps

source /vendor/etc/camera/reset_camera.sh

# run camera apk

/vendor/bin/rkaiq_tool _server &

3.1.2 Linux

3.1.2.1 RK356X & RK3588 & RV1106

For devices that can be connected using a wired network:

1. Connect the device to the router with a network cable

2. Use the ifconfig command to view the IP address of the device

3. The PC is also connected to the same router (either wired or wireless)

4. Check the IP address of the PC, and use ping on the command line of the PC or device to
confirm that the network path is normal

For devices that cannot be connected using a wired network:

1. Try to start the RNDIS service
2. Use the ifconfig command to view the IP address of the device
3. Use ping on the command line on the PC or device side to confirm that the network path is

normal

Operations required to run rkaig_tool_server (if the required service application and other
dependent files already exist in the corresponding path on the device side, just run
rkaig_tool_server directly):

1. Compile and obtain rkaiq_tool_server and librkmedia.so in the SDK

2. Push the librkmedia.so file into the /data/ path of the board

3. Enter the /data/ path and execute the modify permission command: chmod 777

librkmedia.so

4. Push the rkaig_tool_server file into the /data/ path of the board

5. Enter the /data/ path and execute the modify permission command: chmod 777

rkaig_tool_server

6. Execute the flush cache command: sync

7. Restart the device

8. Run the camera app

9. Run rkaiq_tool server
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Example of ADB operation:

#The following commands are run in cmd on the PC side
adb root

adb remount

adb push librkmedia.so /data/

adb push rkaiq_tool_server /data/

adb shell

# The following commands are executed in adb shell
chmod 777 /data/rkaig_tool_server

sync

reboot

# After restart, enter adb shell again
# Run the camera app first
/data/rkaig_tool_server &

3.2 ToolServer Parameter Instructions

Here is a brief description of the parameters and configurations of rkaiq_tool _server:

-d: sensor selection, when there are multiple sensors in the device that need to be tuned, you
can use the device number such as 0/1/2 to select which sensor to use. The default value is 0.
For the query method of the specific device number, refer to the following description:
media-ctl -p -d /dev/mediaX (X=0/1/2/3...) The output will have a topology structure, and the
nodes in it contain the sensor name, for example: "m01_b_ov8858 2-0036", m01 corresponds
to mNN, NN is a 2-digit sensor index, then the parameter configuration is -d 1, 1 corresponds
to the above NN, less than 2 digits do not need to add 0 in front

-s: Select the video node for YUV capture. The default value will automatically search for the
iqtool node, or it can be manually specified to mainPath or selfPath

-r: RTSP switch, 0 is off, 1 is on, the default value is 0, you can use the Start RTSP function in
CaptureTool after it is turned on

-i: 1Q file path, if the path is changed, this parameter should be modified synchronously, it can
be ignored when the -r parameter is 0

-w/-h: Configure RTSP video stream preview output resolution, the resolution will be scaled
based on ISP output size to meet the requirements, the default value is 1920/1080

-n: The number of buffers used for online capture of continuous Raw, the default value is 4, it
is recommended to increase this parameter when you need to capture a large number of

continuous Raw images

-f: The sending frame rate of the offline frame function, the default value is 10 frames
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3.3 Platform Setting & IP Address

1. Open RKISP Tuner, the initial configuration window as shown in Figure 3-3-1.

i’ Config X

Platform setting

RV1106 =

RE366X
RE3558 |

TP Address |192.168.1.100 |

Connect

Port 5543 |

D Do not show again 0K

Figure 3-3-1

2. Select the chip, enter the IP address obtained in the previous section, the port number is 5543
by default (do not modify it unless there are special requirements), please make sure that
rkaig_tool_server is running correctly, click Connect to rkaiq_tool server, after the connection, if
need to use third-party tools to preview, please refer to the point 3 of chapter 3.7 for specific
operations.

3. Click OK, the tuning Ul of the selected chip and version as shown in figure 3-3-2.

File Project Tuning Tools Options File Transfer Help

Connection

Search

Scene Name " Read Page | |Write Fage | Kead Module Write Module ] kuto ¥rite - Uinda Redo

~ AEC
CommcCtrl
LinearAeCtrl
HdrAeCtr]
IrisCtr
SyncTest

v wh v21
control
manualPara
autoPara
autoExtPara

v able_calib
BlcTuningPara

v eem_calib
control
lumaCcm
manualccM
autoCCM

~ lut3d_calib
common
manualLutiD
autoLut3D

v degamma
DegammaTuningPara

~ agic_calib_v21
GicTuningPara

v debayer calib -
Toel start sueeess
DebayerTuningPara Parsn init success. Now please load 10 file. (File-)0pen)
v Amerge_calib
MergeTuningPara
v Adre_calib

DrcTuningPara
~ agamma_calib
GammaTuningPara
~ adehaze_calib
DehazeTuningPara
w_adnee ealib ||

Figure 3-3-2
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3.4 Generate New Sensor Configuration and 1Q File

1. Click the "File" - "New" buttons.

File Project Tuning Tools Options File Transfer
New
Open...
Save As... "
Read Pagze
v AEC
CommcCtrl
LinearAeCtrl
HdrAecCtrl
IrisCtrl
SvncTest
Figure 3-4-1
[ Generate New 1Q File - O X
Select Sensor: gc8034 - New
Resolution: |3264 ‘.\: 2448
Generate IQ File
Figure 3-4-2
2. Click the "New" button on the right side of the Sensor list to open the Sensor Information
page.
B | Sensor Information — O X
File
/Param | (Resolution h
READ WRITE READ WRITE
[CISMinFps 1.00 2l width o 2 |
CISFlip 0 :n height lo in
\. J\
Gain2Reg ) (Time2Reg
READ WRITE READ WRITE
(GainMode EXPGAIN_MODE_LINEAF - | | fCoeff show data
\
|GainRange show data I
\ / (CISTimeSet
/CISGainSet 1| ReaD | wRITE
READ WRITE Linear.TimeRegMin | |1 ol |
|CISAgainRange.Min | [0.000 S neRegMaxFac.fCoeff show data
[CISAgainRange.Max | 0000 |l neRegOdevity.fCoeff| show data
ixtraAgainRange.Min| 0.000 Bl | Her Hdr
xtraAgainRange.Max| 0.000 Bl | N
f
CISDgainRange.Min | 0.000 3/ W CISDcgSet
(CISDgainRange.Max| 0.000 =/l READ WRITE
|S|sngainRange.Min 0.000 Bl | ‘Linear.support_en () Enable (® Disable
I 1r — = . [Py a " |
Figure 3-4-3
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3. After filling in the Sensor Information, click the button "File" - "Export To Sensor List".

B | Sensor Information

File

Import From Sensor List A

Export To Sensor List

Read Sensor Data From Board
inFps

CISFlip | o

Figure 3-4-4
4. Enter the saved Sensor name and click "OK" to save the configuration.

B | Export Sensor Information 7?7 X

Please input sensor name:

[new_sensor I

Figure 3-4-5
5. Close the configuration page, we can see the new Sensor name in the Sensor list on the

Generated New IQ File window.

B ' Generate New IQ File — O X

Select Sensor: new_sensor - New

Resolution: [1920 x (1080

Generate IQ File

Figure 3-4-6
6. Select the Sensor and click the "Generate 1Q File", an 1Q file is generated.

3.5 Load and Save Parameters & Scene Selection

1. Click the "File" - "Open..." and select the IQ file you want to load.
File Project Tuning Tools Option:

New

Open...

Save As...

1

v AEC
CommcCtrl
LinearAeCtrl

Figure 3-5-1
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2. In the Scene Selection window, the name of each group of scenes in the 1Q file will be
displayed, select the scene you want to tune, and click OK.

B! Scene Selection ? X
Scene Selection
normal: day
I 0K | Cancel

Figure 3-5-2
3. At this point, the IQ file will be compared with the Ul template parameters, their differences will
be in the Different Member List. The list on the left shows the Missing parameters in the 1Q file,
and the list on the right shows the Existed parameters in the 1Q file but have been removed or
renamed in the Ul template;

® | Different Member List

Check Different Member

Jadegamma_calib/DegammaTuningPara A | |/lut3d_calib/common/wbgain_tolerance
Jadehaze calib v12/DehazeTuningPara /lut3d_calib/common/wbgain tolerance
Jadpcc_calib/DpccTuningPara Jamerge calib V12

/adrc_calib v12 /adrc_calib V12

/af v31/TuningPara
Jagamma_calib_v11/GammaTuningPara
/amerge_calib_v12
[bayer2dnr_v23/CalibPara
/bayer2dnr_v23/TuningPara
/bayer2dnr v23/Version

/bayertnr v23/CalibPara
/bayertnr_v23/TuningPara
/bayertnr_v23/Version
Jcac_v11/SettingPara

Ul Member Not Found in IQ 1@ Member Not Found in Ul
OK

Figure 3-5-3
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4. Click "File" - "Save As...", as shown in Figure 3-5-4 and 3-5-5, we can save the parameters to
the scene parameters selected in step 2, or save as a new scene parameter, support saving only
selected modules parameters, and display the modified parameters in the list on the right for

reference.
File Project Tuning Tools O

New

Open...

Save As...

v AEC
CommcCtrl
Figure 3-5-4
B Save to File X
| Scene Settings Different Page Reference
i Save to current Sub-Scene: | day /ae_calib/LinearAeCtrl
| |—| Create a new Sub—Scene:
| Save Module—Pages Selection
[ Only save the selected parameters
: Unselected parameters will be removed from the target scene
| Module Pages Owner Scene g
[lan
| v |v] ae_calib
| [~] /ae _calib/CommCtrl day
i /ae_calib/LinearAeCtrl day
; /ae_calib/HdrAeCtrl day
| [“] fae_calib/irisCtrl day
| Jae calib/SyncTest day
il [ wb v32
{ /whb_v32/control day
| [+/] fwb_v32/manualPara day
| Jwb v3iZ2/autoPara day
| [] /wb v32/autoExtPara day
o | v [ eem_calib v2
; [«] fcem_calib_v2/control day
| Jcem calib v2/lumaCCM day
| [] feem_calib v2/enhCCM day
[ fcem calib v2/manualPara dav h
| Save
Figure 3-5-5

3.6 Edit Sensor Information

1. Refer to the steps in the previous section to load an IQ parameter file.
2. Click "Tuning" - "Edit Sensor Information" to open the Sensor Info configuration interface.

File Project Tuning Tools Options FileT

Connection System Control

Edit Sensor Infarmation

System Static Config
Scene Name

Module Calib Config
¥ AEC

- - - I
Figure 3-6-1

L |
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i Sensor Information
File
Param ) (resolution )
CISMinFps 10 ER | width 3264 ok |
CISFlip 1B 2 B || [height [2448 8N |
& VAN J
Gain2Reg 7\ (Time2Reg B
EXPGAIN_MODE_LINEAF - | | [fCoeff show data
\ J
GainRange show data :
J i | J (CISTimeSet D
(CISGainSet h
near.CISTimeRegMin| [4 B |
CISAgainRange.Min | 1.000000 <l neRegMaxFac.fCaeff show data
CISAgainRange.Max ‘16.000000 :‘ . heRegOdevity.fCoeff show data
IxtraAgainRange.Min 1.000000 Bl | Hdr Rdr
xtraAgainRange.Max 1.000000 = N . /
f
CISDgainRange.Min | [1.000000 = W CISDcgSet )
CIsDgainRange.Max  1.000000 *n Linear.support_en () Enable  (® Disable
IspDgainRange.Min| 1.000000 n Linear.dcg_optype | RK_AIQ_OP_MODE_AUT -
SlspDgainRange.Max 1.000000 =
SPrgammange T | ‘._ vear.dcg_mode.Coeff show data
| CISHdrGainIindSetEn (®) Enable () Disable [ — T “im
Figure 3-6-2
3. Click "File" - "Import From Sensor List".
B Sensor Information
File
Import From Sensor List O

Export To Sensor List
Read Sensor Data From Board

CISMinFps | [10.00

CISFlip | [0

Figure 3-6-3
4. Select the Sensor as shown below:

" ImportSen.. ? X

Sensor:

ovh695 v

zcol34
gc2385
gch025
— geb035
os04all

ovaa8ha

Figure 3-6-4
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5. Click "OK" to import the configuration parameters.

6. Close the "Sensor Information" window.

7. When the sensor name cannot be found in the sensor list, the user can refer to the sensor data
sheet to create a new configuration in the Sensor Information window.

3.7 Capture Raw and YUV Images

3.7.1 Capture Raw Image Offline

1. Click the "Tools" - "RK Capture Tool".

File Project Tuning Tools Options File Transfer

Connection Calibration Tool
RK Capture Tool |
RK Image Viewer
Scene Name Page
RK 3D-LUT Tool
v AEC —
CommCtrl
LinearAeCtrl
HdrAeCtrl
IrisCtrl

Figure 3-7-1-1
2. Make sure the device IP address is entered correctly, click the "Device Status" button, if the
Tuner is connected with rkaiq_tool server correctly, it will print "Device is Ready"

® RKISP Capture Tool v2.2 - o
File

Config Eew Preview & Statistios

IF Adiress 192163, 10, 11 Frat 5543

Devios Status

Switch Ts Tuning Made Mode Guiry

Start EISF Strewing Stop KISE Stresning

Rar Coptwre  Online Capturs

Semsor: | 5cB00ai v Light: [B7 * Wedule: TEST v
Wideh: 2880 | Height: [ 1616 Bitz! 0§
Gain Range Lo - 7800 =
Exp Range: 0.0010 s - 0. 100 5 _—
Vo 4 =
Comversion Gain Mede Ftwnd s Oaos
Misasl Exposars  hute Bxpesurs  VHR Cupbure
Eegin [Oster 2 End
Gain! 10
Eplise | 0.010
Frane Tusber 1
Owalti-frome [Jlowticht [JHigh-Licht Seart Manual Capburs
Copneat to deriow
Davice iz ready! N
4
3
z
1
L L L
% 1 B 3 4
™ Damosaic
Hlack Level (8558) (12bit) [ ] ] 0 0
Lums Stats Bunge 100 5 Bayar Oriar Bk
Masn Luna Maz Lums Min Luss
¥B Stats Hange: 1 3| Bed Gain Elue Gain

Figure 3-7-1-2

3. Click Start RTSP Streaming to turn on the camera and start RTSP video streaming (optional)
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1) Android:

After clicking Start RTSP Streaming, you can use a third-party playback tool to open
rtsp://192.168.10.104:1234/v to preview. At this time, the camera apk on the device will be
disconnected, if you want to use the camera, please click Stop RTSP Streaming first, and
then click Switch To Tuning Mode to open the camera.

2) Linux:

If there are other camera devices running on the board, exit it and then run ToolServer. After
clicking Start RTSP Streaming, you can directly use a third-party playback tool to open
rtsp://192.168.10.104/live/0 to preview it.

4. Select the name of sensor to tuning.

Raw Capture Online Capture

Sensor: [scB00ai | Light: D76 v Module: TEST v
Width: |S%o0 AlMeighe: | 1616 | Bits: o |3
Gain Renge: |ovioen. | - | 768.0 gl
Exp Range’ |oeganyg 10 3 - 0. 100 S
Vo ' 64 g

Conver :::i?é v B! Formal [Jiwee [JHee

Manual Exposure Auto Exposure YHR Capture

Begin []step 2" End
Gain: . 1.0 :. 1.0 = 1.0 -
ExpTime: 0.0100 = 0. 0100 = 0.0100 =
Frame Number: . 1 = % 1 =

[IMulti-Frame [ |LowLight [ JHigh-Light |Start Manual Capture

Figure 3-7-1-3

5. Choose the correct resolution, light source and module name to distinguish in use.

6. Configure parameters such as Gain, Exposure Time and number.

7. Click the Start Manual Capture button.

8. The captured raw image will be in the Raw Preview & Statistics on the right side.

9. The histogram information, maximum/minimum/average brightness, global wb gain, etc. can
also be found here.

10. Raw images are stored in ./raw_capture/module name/ by default.
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& RKISP Capture Tool v2.2
File
Config

TP Address: | 192.168.10. 11 Prot: | 5543

Device Status
Switeh To Tuning Mode Mode Quiry

Start RTSP Streming Stop RTSP Stremsing

Rav Capture  Online Capturs

Sensor  [3ed336 v | Light: 075 v Modide: TEST v
videh | 2560 |Height: 1440 Bits 10
Gain Range: | 1.0 - a0 7]
Bep Bange: | 0,001 2] - 0100
L 6
Conversion Gain Node Erand  Ows e

Manual Exposwre  Auto Expormre  YNE Capture

Begin Ostep u End
Gain [ so0 1 s
ExpTine 00100 [¢] o000 & 0 0100
Frane Nusber 1 2 x

OOmadti-Frane [Jlov-Llight [JMigh-Light Start Manual Copture

[Connect to davies
e is ready!
Cosneot to devioe.
| Connect suceess!
| The device is ready.
| Get zenzor parsn zuwocesz
The device is ready to capturs
| /ran_capture//1EST/
rhizp_z04336_D75_2560_1440_10bpp_5.00x_0.0100z_narmal_sorsl_single 105
652606, rax raceive ok
| Raw data check sun success!

Rav Previer & Statistics

200000
180000
100000

50000

00 50

rkisp_sc4336_D75_2560_1440_10bpp_5. 00x_0. 0100s_normal_norsl,_single_ 105652606, rav

Black Level (RGGB) (12bit)

Bayer Order

Luva Stats Range 10 iG]
Mean Lina 88 Max Luna
¥E Stats Range 100 ] Rod Guin

Hin Luove.

Blue Gain:

Figure 3-7-1-4 Captured a single-frame raw image with Gain=5x ExpTime=0.01s

3.7.2 Capture YUV Image Online

1. Open the camera app and make sure the preview of the device work correctly.

2. Run ToolServer, enter the IP address of the tool and connect to the device.

3. Switch to the Online Capture, enter the name in Sensor Name, it will become the prefix of the

YUV file name.

4. When we need to capture continuous frames , configure the number in Frame Num.
5. Click Capture YUV, the image can be previewed, the file will be stored in raw_capture/yuv/,

as shown in Figure 3-7-2-1:

1 RKISP Capture Tool v2.2
File
Config
I Addresst | 192.163.10.11 Brot: | 5543
Device Status
Svitch To Tuning Node Mode Quiry

Start KIS? Stresing Stop KISE Streming

Ruw Capture  Online Capture

Senzor Nane 20433
Fornat wiz
Width: | 1920 | Height: | 1080

Frene S | 1

g Soptmmetay

Connect to device
Conneot zuocess!

The device is ready.

Get yur parm success
The device is resdy to ey

phuce
Jewn_captura/yur/se43%6_Erane_1920_1060_110017657. yav recaive ok

Rav Previes & Statistios

s
4
3
:
% 1 z 5
504326_frane_1920_1060_110017557. yuv R [
Black Level (RGGB) (12bit) | 0 0
Lusa Stats Range 100 3| Bayer Ovder -
Vean Luns | Mox Lama. Min Luns
¥B Stats Runge: | 100 g Fed Gain Hlue Gain

Figure 3-7-2-1
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3.7.3 Capture Raw Image Online

Open the camera app and make sure the preview on the device works

2. Run ToolServer, enter the IP address in the tool side, and connect to the device
Switch to the Online Capture, enter the name in Sensor Name, it will become the prefix of
the Raw file name

4.  When we need to capture continuous frames , configure the number in Frame Num

5. Click Capture Raw, the image can be viewed on the preview, the file will be stored in
raw_capture/, as shown in Figure 3-7-3-1:

2 RKISP Capture Tool v2.2
File

Config Rax Previev & Statistios

TP Address 192.168. 10, 11 Prot 5543
Device Status

Switch To Tuning Mode Mode Quiry

Start RISP Stresming Stop RTSP Stresning
Rav Copture  Online Capture
Sensor Nane 504336
Fornat RAW
Wideh: | 2660 Keight 1440
Frane Yon i ] [Coptaratiy

Connect to device
Connect success!

2500
200000

g e 150000

5_frame_2560_1440__110836491, yuv receive ok 100000
50000 I
0 )l L : L L
50 100 150 200 =0
is resdy to capture 564336_frane_2660_1440_single_110844328, rax v Raw Denossic
Jran_capture//scA%36_Erane_2560_1440_single 110844328 rav receive ok
Black Level (RGGB) (12bit) 0 0 0 [
Luna Stats Renge 100 < Bayer Order BGGR
Mean Luna 47 | Max Lina | 265 Min Luna 18
WD Stats Range 100 2] Red Gain ( 1.21574 Blue Gain 1.22413

About the maximum number of consecutive frames for capturing Raw online

The maximum number of consecutive frames depends on the number of cache buffers applied
for. This parameter can be configured through the -n parameter of ToolServer. The larger the
number of buffers, the more consecutive frames can be captured in one performance. When the
number of buffers is less than the number of captured frames, frames may be dropped.

The number of buffers that can be configured also depends on the number of caches and
memory size allocated by the kernel. For the kernel part, please refer to the following example:
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diff --git a/include/media/videobuf2-core.h b/include/media/videobuf2-core.h
index 3f4f171..ee359c5 100644

- afinclude/media/videobuf2-core.h

+++ b/include/media/videobuf2-core.h

@@-19,7 +19,7 @@

#include <linux/bitops.h>

#include <media/media-request.h>

-#define VB2_MAX_FRAME (64)
+#define VB2_MAX_FRAME (128)
#define VB2_MAX_PLANES (8)

)l'**

diff --git a/include/uapi/linux/videadev2.h b/include/uapi/linux/videodev2.h
index d900af7..592fccc 100644

- afinclude/uapi/linux/videodev2.h

+++ b/include/uapi/linux/videodev2.h

@@ -70,7 +70,7 @@

e Common stuff for both V4L1 and V4L2
¢ Moved from videodev.h

*/

-#define VIDEO_MAX_FRAME 64
+#define VIDEO_MAX_FRAME 128
#define VIDEO_MAX_PLANES 8
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4 Descriptions of Calibration

The calibration work of each module has three parts:

1. Capturing the images: According to the needs of each module, use the appropriate
exposure to capture the raw image of the calibration board or scene.

2. Calculate calibration parameters: import raw images, calculate calibration parameters, and
individual modules can fine-tune some parameters as needed.

3. Confirm and save the parameters: according to the standards of each module, judge
whether the calibration parameters are correct.

4.1 Capture Raw Images

Refer to the operation steps in Section 3.6.

4.2 BLC Calibration

4.2.1 Basic Principles

Since the sensor has Black Level, it also has a certain output voltage when there is no external
light, and the final output of the sensor needs to be subtracted from this value. In order to
measure this value, some pixels that are not exposed at all are reserved. By reading the size of
these pixel values, the Optical Black Level can be obtained in real time. At this time, the output of
the sensor is:

Raw = Sensor Input - Optical Black Level

In addition, considering the signal-to-noise ratio of the sensor output, a base Pedestal is usually
placed on the sensor output, and the output at this time is:

Raw = Sensor Input - Optical Black Level - Pedestal

Due to the different sensor configurations, for the BLC module, the final BLC correction value can
be obtained by capturing the RAW data in the complete black scene.

The correction value here is mainly affected by Gain and Temperature, so it needs to be
calibrated separately at different ISOs. Since BLC is an offset, other modules need to deduct the
offset when calibrating, otherwise the correct calibration parameters cannot be obtained.

RV1106 platform:

In order to retain more dark information during Bayer2D and Bayer3D noise reduction, the BLC
module adds Sensor OB configuration, which is the Pedestal mentioned above. Some
manufacturers support the configuration in the driver sequence, Some are fixed values, which can
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be confirmed by querying the data sheet or the driver code. If it is difficult to confirm the value,
you can use the reference value in Section 4.2.4 or the BLC average value of each channel
calculated by using Gain=1x.

4.2.2 Raw Image Requirements

1. Cover the lens when capturing, make sure no light enters.

2. Capturing needs to traverse Gain=1x, 2x, 4x, 8x, 16x...Max (if the driver supports the
maximum Gain to 40x, then Max=32).

3. The exposure time does not affect the BLC calibration and can be unified to 10m:s.

4.2.3 Capture Raw Image

1. Open the RK Capture Tool, refer to the instructions in Sections 3.1 and 3.2, connect to the
device, select unknow (no light) for the light source name, and BLC for the module name.

2. Put the device or module in a no light environment, and use a black cloth, lens cover, etc. to
cover the lens tightly.

3. Check Step and 2”~n on the Manual Exposure page, according to Gain Range, configure:
Gain Begin=1.0 and Gain End=Max, and ExpTime=0.010.

4. Click Start Manual Capture to capture the Raw image in steps of 2 to the Nth power.

5. The captured Raw image will be displayed on the right side, select the image you want to

view by switching the drop-down box.

' RKISP Capture Tool v2.2 - o x

Cenfig Kav Froviee & Statisties

TP hddress: 192,168, 1011 Frot: 5543

Sviteh To Tuning Mode Mods Quiry

Start BTSF Streaming Step KIST Stremin g

Eaw Captare  Online Capturs

Semsor: [scd328  w| Lignt] nu.uQ
itz wo

vidth 2860 Height 1440 B

i e o

Exp Range o001 B 0,100 |

Vo o
Coneersion Gaif Mode: Dorsad  Ois

Mawal Exposws  fAuto Bwposwrs  VHE Capture

5 End
B =T |

i 4[T0

ExpTine 00100 |2 00100 3 [ 00100

Erana Fusber: 1 % x

40_10bpp_32. 00%_0.01005_normal_noral. sin
k.

[
7 ] El 100 150 20 250

Eaw Danuzaic

] [}

10bgp
1440 10bpp
1440 10b3p 3

Z2560_1440_L0bgp_ x ornal_noral.
e 2560 1440 1005y 256 005D 01003 Tormal pora

Figure 4-2-3-1

0. 999995
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4.2.4 Calibration Procedure

B RKISP Calibration Tool for RVI106 v1.0

Q File
Rew File Options NC s
width 2560
Height: 1440
Bits: 10 bit
Frr B3GR

28,0
Edit Options
2838
Infs: Load Tsonld normal: dav
-IRFO: 14 =nl Load sueressfully
~JIMFO(BLL) . Bax Image loaded 2485
swosessfully.
~SERROR(BLE) ‘Floase Eill in 0B Eirst!
-JINFD: Calibration iz suscessful 243.3
238
BLCO En
BLCOR
BLCO_Gr
BLCO_Gb
BLCO B
BLCY En
BLCT R

@

EVI108 setting

(®) for Linesr Mods

() for HOR Mods \

- u] X
MB  COF  BayerBR  VWR  FEC & LK Simalator
Guin-BlackLevel curve
wk mE o6 o6 @6 @& mb mE
\‘k\b
HL
—,
o e ) 6425.0 9512.5 12300.0
50 100 200 400 800 1600 3200 6400 12800 25600 51200 102400 204800
259688 250813 259625 250.563 25825  257.25 254563  249.375 23825 23825 23825 23825  238.25
250688 250813 259625 250563 25825 257313 254375  249.563 238438 238438 238438 238438 238438
259688  250.938 259.875 259.75 258.25 257438 255 249375 241125 241025 241125 241125 241125
25975 250938 250875 25075 25825 2575 254875 24975 241563 241.563 241563 241563 241563
0 0 0 ] 0 0 0 0 0 0 0 0 [
Load Raw Files del o tag
XK 50 rkisp_scd336 D75_2560_1440_10bpp_1.00%_0.0100s normal_sorml single_15.
Calibrats K 100 rkisp_scd336_D75_2560_1440_10bpp_2.00x_0.0100s_normal_norml single_15..
XK 200  rkisp_scd336_ D75_2560_1440_10bpp_4.00x_0.0100s_normal_norml_single_15...
Sare K 400 rhisp_sed336_ D75_2560_1440_10bpp_8.00x 0.0100s_nermal_nerml single_15.

Figure 4-2-4-1 BLC calibration results
1. Open Calibration Tool, click Edit Options in the upper left of the interface, open the

configuration interface, and enter the size, bit width and bayer order of the raw image.

2. Select the BLC page, click the Load Raw Files, and select a folder to store Raw images.

3. The imported Raw image will be displayed in the list on the right.
4. Click Calibrate to start.

RV1106 platform: Linear mode calibration needs to enter the Sensor OB value first. We list

some commonly used OB values for reference:

Manufacturers OB value for reference
GalaxyCore(gc) 256
OmniVision(ov/os) 256
Samsung(s5k) 256
SmartSens(sc) 256
Sony(im) The driver sequence can be configured, it is recommended to refer
to the DataSheet and driver code, whichever is the actual.

5. The Black Level Curve obtained from calibration is displayed on the upper axis.

6. The BLC value obtained from calibration will be in the table, click Save.

Notes:

1. If the device itself has power light and status indicators, etc., pay attention to whether there is

light leakage.

2. An incorrect BLC value will affect the calibration results of all subsequent modules. Please make

sure that the BLC results are correct before performing subsequent calibration.
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4.3 LSC Calibration

4.3.1 Basic Principles

Luma Shading is caused by the optical properties of the lens. For the entire lens, think of it as a
convex lens. Since the light-gathering ability of the center of the convex lens is much greater than
that of its corner, the light intensity in the center of the Sensor is greater than that in the corner
areas. For an undistorted camera, the illumination attenuation around the image follows the
formula:

cos'0

4.3.2 Raw Image Requirements

1. When capturing, cover the lens with diffuser (or use DNP light box, integrating sphere and
other equipment).

2. Capture in a light box with standard lighting, we recommend to calibrate 7 light sources: HZ,
A, CWF, TL84, D50, D65, D75.

3. To prevent the AC light source from generating Flicker, it is recommended to use an integer
multiple of 10ms to configure the exposure time.

4. The maximum brightness of the Raw image is about 200 (8bit), and the minimum brightness
should be significantly larger than the black level value calibrated in the previous section.

5. We recommend to use the diffuser as shown below:

Figure 4-3-2-1 Opal Diffuser

4.3.3 Capture Raw Image

1. Open the RK Capture Tool, refer to the instructions in sections 3.1 and 3.2, connect to the
device, and select LSC as module name.
2. Put the module in the light box, switch to HZ light, and place the diffuser close to the lens.
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3. Select HZ light source, check Search Exposure by Max Luma (8bit) on the Auto Exposure
page, check Anti Flicker (50hz), and configure the maximum brightness of the target over
the right to 200+10%, Frame Number = 1.

4. Click Start Auto Capture to capture a raw image, during which the tool will automatically
select the appropriate exposure until it meet the preset maximum brightness.

5. Switch the light source to A, change the name of the light source to A, and repeat step 4 until
all light sources are finished.

Raw Capture Online Capture

Sensor: sc4336 v Light: |HZ v | Module:
Width: Hei ght: 1440 Bits: | 10 3]
Gain Range: | 1.0 - 480.0 s
Exp Range: | 0. 0001 o - 0. 100 ¢
v | 64 4]
Conversion Gain Mode: Normal [Jice [ HoG

Manual Exposure Auto Exposure YHE Capture

Search Exposure By Max Luma(8bit) 200
Search Exposure By Mean Luma a0
l\nti—Flic]:er(SOHz)l Anti Flicker (60Hz)

1 =

4k 4>

I+
1k 4>
wmY o=

+ =

Frame Humber:

[:lM'ulti—Frame [:l Low-Li1 g,].'lt [:l Hi gh—Light Start Auto Capture

Figure 4-3-3-1

4.3.4 Calibration Procedure

1. Open Calibration Tool, click the Edit Options in the upper left corner, open the
configuration interface, and enter the size, bit width and bayer order of the raw image.
Select the LSC and click the Load Raw Files to import all raw images.

The imported raw image will be displayed in the above window.

Modify the Light Fall off to 100%.

Click Calibrate to start.

After calibration is done, we can view the raw image of each light source on the result page.
Click Save.

Modify the Light Fall off to 70%, repeat steps 5~7.

© N o v~ wDN

38



1Q File

Rax File Options

i

Height: 1440

Calibrate a‘nmu

—

| Edit Options ]

=)INFO: IQ xal load successfully.
—INFO(LSC): Rav Image loaded
suceessfully.

INFO(LSC): Start oalibration.
~>INFO(LSC): BleValue(12bit)= 256 , 256

1256 ,266

~)INFO(LSC) A light source calibration
conpleted

~>INFO(LSC) CWF light sowrce
calibration completed.
~>INFO(LSC) D60 light sowrce
calibration completed.
~>INFO(LSC) D65 light sowrce
calibration completed.
~)INFO(LSC) D75 light sowrce
calibration completed.
—>INFO(LSC) HZ light source
calibration completed.
—INFO(LSC) TLS4 light source
calibration completed.
—INFO(LSC): Calibration is
sucoessful.

Info: Load JronIQ normal: day ~

i

BLC 1sC AYE com

Calibrate  Result

BayerNR  YNR  FEC & LDCH

Light Fall off: %
Tnage Filter

® Median Filter

O Gaussian Filter

Gain Range

Mex Gain: O

BLC ISC  AWE COM  BayerMR YNR  FEC & LDCH  Simulator

i sp_s04336_A_2560_1440_10bpp_1, 00x 0. 0100s_normal_noral_single_165445830

Load Ran Files | del tag

l} rkisp_sc4336_A_2560_1440_10bpp_1.00x 0.0100s_normal_normL_single_165448830
§| rkisp_sc4336_CWF_2560_1440_10bpp_1.00x_0.01005_normal_normL_single_165240260
z‘ rkisp_scd336_D50_2560_1440_10bpp_1.00x 0.0100s_normal_norm_single 165139668
E rkisp_sc4336_D65_2560_1440_10bpp_1.00x 0.01005_normal_normL single_185545899
) :  to Device E rkisp_sc4336_D75_2560_1440_10bpp_1.00x 0.01005_normal_norm single 185403897

Figure 4-3-4-1

Simulator

rkisp_sc4336_A_2560_1440_10bpp_1. 00x_0. 0100s_normal _noraml_single_ 165448830

Notes:

Figure 4-3-4-2

The tool may not be able to find suitable exposure parameters because the light is too bright or

too dark. In this case, we can refer to the following solutions:

1. Adjust the brightness of the light source.

2. Use ND filter.
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Adjust the lens orientation.
Modify the Gain Range or Exp Range.
Adjust the maximum brightness or threshold value for automatic exposure.

o v~ w

Use manual exposure instead (the minimum standard for selection is that the minimum
brightness is significantly greater than the Black Level value calibrated in the previous
section).

4.4 AWB Calibration

4.4.1 Introduction

Calibrate the white point conditions of raw in XY, UV, YUV, the simple color algorithm parameter
and the white balance gain under standard light source.

4.4.2 Raw Image Requirements

Preparations for capturing raw images:

1. Equipment: X-Rite 24 ColorChecker, Light Box (including D75, D65, D50, TL84, CWF, A, HZ)

2. Adjust the exposure parameters, so that the maximum value of the brightest white block in
the color is [150-240], the brighter the better within this range (if you want to use the same
raw image with the following CCM, it should be darker)

3. The ColorChecker occupies more than 1/9 of the screen

Raw image capturing method:

1. Open the RK Capture Tool, refer to chapter 3.1 and 3.2, connect to the device, module
selects to CCM_AWB.

2. Put the device and the ColorChecker in the light box, adjust their position, make the
ColorChecker in the center of the screen, capture as large as possible, and do not move the
device

3.  Open the light box and switch the light source to HZ light.

4. Select HZ, check Search Exposure By Max Luma (8bit) on the Auto Exposure page, check
Anti Flicker (50hz), and configure the maximum brightness of the target on the right to
200+10%, Frame Number = 1.

(If at 1x Gain, 10ms integer multiples cannot capture raw images, turn off Anti-Flicker (50hz)
and try again)
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Raw Capture Online Capture

Semsor: [sc4338 v Light: [L_____ v Module: [COLANE ~
Width: 2560 Height: Bits: 10

4»

Gain Range! | 1.0 - 480.0 o

Exp Range: | 0. 0001 S 0.100 3

v | 64 3
Conversion Gain Mode: Hormal [Jiwe [JHee

Manual Exposure Auto Exposure YHR Capture

Search Exposure By Max Luma(Sbit) || 200 2 + [ 10 |2] %l
Search Exposure By Mean Luma 80 4| + =]
| A Anti-FLi cker (50Hz Anti Flicker (60Hz)
Frame Number: ‘ 1 =

[IMulti-Frame [JLow-Licht [JHigh-Light [Start Auto Capture|

Figure 4-4-2-1

5. Click Start Auto Capture, the tool will automatically select the appropriate exposure until
the preset maximum brightness is reached.

6. Switch the light source to A, name the light source to A, and repeat the previous steps until
all light sources are finished.

For example, the calibration raw image after demosaicing are as follows:

Apgmang OWF pgmeng DS0ogmprg
D7%pgmprg WL pgreprg TIM ggm peg
Figure 4-4-2-2
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4.4.3 Calibration Tool Introduction

1. Adjust the white point condition of the UV and XY domains, and the TH value of the YUV
domain.

BC  ISC B COM BaresRAGIC TNR  FEC & LDGH  Simlatos
Load Raw Files UPC (LY Domain & 1V Domain) | WC (YLV Dosain)

Draw WPC Fron 1q Paren

AVB Simuation

de tag

Delete this Ranse

New Exclude Range in UV

Figure 4-4-3-1

OO BayerNR A GIC VMR FEC A LDCH S

WPC (UV Demain & XY Domain)  WPC (YUV Dow

White Point Condition (YUV Domain)

Light Names uo ui u2 U3 u4 us

Draw WPC Fron 1q Paran
AV Simuation

de tag

Light Names Tho Thi Th2 Thi Tha Ths

Figure 4-4-3-2
2. Instructions for adjusting white point conditions in the UV and XY domains
a) Use the mouse to drag the four corners of the white point area of any light source in the
coordinate system to adjust the position and size
b) Drag the mouse in the blank area in the coordinate system to adjust the display range.
c¢) Use the scroll wheel to zoom in and out to adjust the scale.
d) The Exclude WPC Range parameter can set the non-white point area and the extra
light source white point area.
3. Click the "AWB Simulation" button, this function can be used to detect the white point of the
original image, calculate the WB Gain and the number of white points, and map the specified
pixels to the UV and XY domains to confirm the correct white point conditions.
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Figure 4-4-3-3
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a) After clicking Loadlmage to import the raw image, as shown below, the white point
information will be printed. The white points of different light sources are displayed in
different colors. The number of white points in the middle frame and large frame, RGain
accumulation and BGain accumulation will be displayed in the three text boxes of WP
Number, RGain and BGain

5| AWB Simulation - O
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Fos: 93,145

B (126 e[z B 177

oo Juwfue v

X (129 [

BGain: |1.91683 BGain: [1.3653
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A [ s || a0 || nn
cor [ e || ed |[ ez
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s [ 193 || e |[ &5
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e | 13 || e4 |[ 59
e | 18 || e || e

Load Image Bun Simulator

Stats Result
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Mos | 4psee, 42648 || z.o0s zooos || 12es, 125 |
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[ 184 1, 3 [ 133 1.3 | 2329, 2304 |

Figure 4-4-3-4
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b) Click any position in the image (the black arrow as shown below), it will be mapped to the
UV domain axes and the XY domain (small black square), which is convenient to check
whether the point falls in the white point range. At the same time, the R G B U V X Y RGain
BGain (red frame area) of the point is displayed, and the u and th after the point is mapped to
each light source in the yuv domain and the deviation distance from the standard white point
(corresponding to the three columns in the green frame area)

WFC O Demain & IY Denain) | WPC (O Demain)
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&1 e 1,
bl s q, 1
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b
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1.0 248 Y4
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1 14
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u ¥
Figure 4-4-3-5
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Figure 4-4-3-6
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4.4.4 Calibration Procedure

A

Open Calibration Tool, click Edit Options to open the configuration window, and enter the
size, sensor bpp and bayer order of the raw image.
Before AWB calibration, we must complete the BLC and LSC calibration.
Click Load Raw Files to import the raw images of A, CWF, D50, D65, D75, HZ, TL84 (we
recommend these seven light sources).
Click Find Chart to open the color block search GUI. If the imported image is mirrored, it can
be flipped through the Flip function area on the right. The current version supports
horizontal and vertical flips.

RK 1Q Tools - o X

v | Chart Type

@® 24 chart

A Show Find Result
x: [ |
* |

Mode

() Find current chart

@ Find a1l chart

Flip

Yorizontal Vertical

Find Chart Save

Figure 4-4-4-1

a) Adjust the statistics area by dragging the red frame center dots on the upper left, upper
right, lower left and lower right, and try to ensure that the statistics area is in the center of
each color block, as shown in Figure 4-4-4-1

b) Click FindChart to identify the color blocks of all light sources, as shown in Fiqure 4-4-4-2
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@ 24 chart 140 chart

[7] Show Find Result
x: [ ]
Y i

Mode

O Find current chart
@® Find a1l chart

Flip
Horizontal Vertical
Find Chart Save

Figure 4-4-4-2
c) Select another light source from the menu to confirm that the color patch detection results
are correct. If the detection is correct, as shown in Figure 4-4-4-4. If it is found that the
position of the detection result is wrong, as shown in Figure 4-4-4-3, it is only necessary to
re-detect it separately. Select “Find Current Chart” in Mode and repeat steps a) and b) until

the detection result is correct.

E' RK 1Q Tools - m} X
TL34 »  Chart Type

® 24 chart 140 chart

[ Show Find Result
1 8 I
1 I

Mode

O Find current chart
@® Find all chart

Flip

Horizontel Vertical
Find Chart Save

Figure 4-4-4-3
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B RK IQ Tools . o X

T84 «  Chart Type

® 24 chart 140 chart

[ Show Find Result
X I
) & I

Mode

O Find a1l chart

Flip

Horizontal Vertical

Find Chart Save

Figure 4-4-4-4

d) Click the save button to complete the detection

5. Click Calibrate to start. It will take about 30s. the following initial white point conditions and
other parameters are obtained. Those dots in different colors in the coordinate systems of
the UV and XY domains represent the positions of the color block values in the ColorChecker
captured by each light source in the UV and XY color spaces, the rectangle box represents the
white point conditions of different light sources.

X

White Point G White Point Cor Y Domain

=i mCF @50 mD65 m mA mCF @D50 mDé D75 mHZ mTL84 m

% il
5 %
. ¥ LIS % Y
59 %
LY ) % Yoy .
Y TR 1 T G GRS, | I
118.0 = 01 s YEm=mped T =
" RE0

y e o
® P » o INEY -~
T e ————— .«
% 9%
+ % % W uw \
5.0 0.51 % @ W L
1 % %
% < 5
\ s .
- th
1 - 1.16
6! 98.6 131.6 164.5 2 1.4 0 0. 16

Figure 4-4-4-5
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¥PC (UV Domain & XY Domain) WPC (YUV Domain)

Light Names uo u1 u2 u3 u4 us
A 50 54 70 78 110 142
CWF 50 54 70 78 110 142
D50 50 54 70 78 110 142
D65 50 54 70 78 110 142
D75 50 54 70 78 10 142
HZ 50 54 70 78 110 142
TL84 50 54 70 78 110 142
Light Names ThO Thi Th2 Th3 Th4 Ths
A 0.2 0.2 0.2 0.76 1 -
CWF 0.2 0.2 0.2 0.76 1 4
D50 0.2 0.2 0.2 0.76 1 4
D65 0.2 0.2 0.2 0.76 1 B
D75 0.2 0.2 0.2 0.76 1 4
HZ 0.2 0.2 0.2 0.76 1 4
TLB4 0.2 0.2 0.2 0.76 1 4
Figure 4-4-4-6

Click AWB Simulation and import the raw images of A, CWF, D50, D65, D75, HZ, TL84 in turn
to check the accuracy of white point detection.

Modify the frame of the UV domain or the XY domain or the TH of the YUV to make the white
point detection of the ColorChecker under each light source more accurate.

Click Save, and click Run Simulator on the AWB Simulation interface to view the white point
detection results of the imported light source image.

Repeat steps 6 to 8 until the white point detection of each light source is reasonable.
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Notes:

1. Adjust the condition, try best to make white points (points marked 19, 20, 21, and 22 blocks)
inside the box, and the non-white points are outside the box.

2. The middle box of all light sources on the blackbody locus is continuous in the x direction.
Example of error as shown in the below: Small spacing between large boxes, but large
spacing between middle boxes

M ' - .. Pye—— ¢
™ T g —————— -
E"cﬁ‘ E LS |
1% 3 3 |
' 4 ‘ R
————— ————— e
% | .
=)
Q
l‘ .' ”
% -
.‘
a .
The correct example is as follows:
- a. o i3 .
q. QAS
| I SR . | i )
a . i ! - | -:, 9% |7*
Y -1 Qh 2 . - Sa
ek, % Y e | ,
. .‘ :Q - 3 ’l.
| 2 Bt ' * : '
A = ' !....:.- ’;‘ .
] .‘..) a 1 . L:_&:
S S—— - g
) | ) |
e |
., % i : -
"I . R e g
- - - - - .

3. A and HZ light sources can be slightly smaller in the Y direction of the XY domain, and D50
and D65 can be slightly larger in the Y direction of the XY domain.

4. Two light sources with very close color temperature (CWF and TL84) can be changed to be
adjacent in the Y direction.

5. In the UV domain, there cannot be a gap between any two light sources.

6. The areas of different light sources can overlap, but do not overlap in both the XY and UV
domains at the same time.

7.  When excluding non-white points, adjust the UV domain with the distribution of the XY
domain as a reference.
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For example, the 7th block of D75 circled in the picture below falls within the HZ range and will be
incorrectly detected as a white point.

Point Condition (UV Domain White Point Condition (XY Domain)

mA aCVF mD30 mDE5 mD75 mHI mTLE4 m mA aCiF @D30 mD6s mD7c mHEI mTl84 m
0.36
% %% 5 i
N W
s
% LE
%
5 3 %
0.1
* * WS L
ST S s |
% |_
/ . D ;
L] %o b3 .
% /

99 %943

After readjustment, the 7th block of D75 light source is not in the same light source in xy and uv
space and will not be recognized as a white point.

White Point Condition (UV Domain) White Point Condition (XY Domain)

mA mCVF mD50 mD65 mD75 mHZ mTL84 m mA mCiF @mD50 mD65 mD75 mHZ mTL84 m
0. 36
4 9 B %
4 e
)
% 4 %
T 4 4 0.10
LI V.
3 |
s 1
* £
. /
= 0.02 o b
- q
o ggq°t
o s % 3 = I

* ————
2 % o
o

8. When the non-white point falls in the white point range of XY and UV, it can also be excluded
by reducing TH, or by increasing the non-white point range.

9. When the white point falls within the white point range of XY and UV, but it is still not a white
point, it may be excluded because it exceeds the brightness range, or it falls within the
non-white point range, or it is less than TH and does not fall within the white point range. In
the white point interval of the YUV domain.
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4.4.5 Example of AWB Calibration Results

Final White Point Conditions:

HC OF bass & 01 Denuin WC O Beewa)

Figure 4-4-5-1
The white point detection results of each light source are:

Preview

BC TN
. . .
-
. ‘ ke . -
.
.
“ .
& :CY""‘ - . ,,:-_‘
1 FlEo
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et b *
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%
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Figure 4-4-5-1 A

Preview

Figure 4-4-5-2 CWF
Preview




Figure 4-4-5-3 D50

Preview

Figure 4-4-5-4 D65
Preview




Figure 4-4-5-5 D75

Figure 4-4-5-6 HZ
Preview

Figure 4-4-5-7 TL84
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4.5 CCM Calibration

4.5.1 Raw Image Requirements

The raw image requirements refer to chapter 4.4, CCM can use the raw image of AWB to

calibration.

In addition, since the Gamma curve will affect the CCM results, it may be necessary to adjust the
CCM parameters again when the Gamma curve is modified. In this case, please refer to chapter
4,

5.2, point 12.

4.5.2 CCM Calibration Procedure

1.

1

2,
3.
4,

Open the Calibration Tool, select the CCM, and click the Load Raw Files to import all raw
images. The imported raw image will be displayed in the list:

BLC 1sc AWB con BayerNR YRR FEC & LDCH Simulator

Calibrate § Result
AutoGain

Manual Gain:
AutoWbGain

R Gain

B Gain:

ISP Gamma:
Saturation(%):

LAB Reference:
Patch ®eight:

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

rkisp_ov5695_A_2592_1944_10bpp_1, 0x_0. 0265_log_nornl_single_1 74206110

HORMAL v
100

Yrite D65 v

., Load Raw Files ‘del

Find Chart ‘ x
| %
Calibrate |
‘ X
Save ‘ X
Apply to Device ‘ x

tag

rkisp_ov5695_A 2592 1944 10bpp_1.0x_0.026s_lcg_norml _single_174206110
rkisp_ov5695_CWF 2592 1944 10bpp_3.6x_0.100s_lcg_normL single_174139505
rkisp_ov5695_D50 2592 1944 10bpp_1.0x_0.030s_lcg_normlL_single_175019432
rkisp_ov5695_D65_2592_1944_10bpp_1.0x_0.100s_lcg_norml _single_174853194

rkisp_ov5695_D75_2592_1944_10bpp_1.0x_0.100s_lcg_normL_single_174119634

Figure 4-5-2-1
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2. Click Find Chart to open the color block search GUI.
57 RKIQ Tools = ) X

A «  Chart Type

® 24 chart 140 chart

[ Show Find Result
x |
Y |

Mode

(O Find current chart
@® Find 1l chart

Flip

Horizontal Vertical

I Find Chart | | Save |

Figure 4-5-2-2
3. Drag the red frame center dots on the upper left, upper right, lower left, and lower right to
adjust the sampling area, and make sure that the sampling area is in the center of each color
block.
4. Click Find Chart to start counting the color block values, and the statistical area will be

marked in green.
5. Check each light source in the list and confirm whether the statistical area is correct.

57 RK 1Q Tools - m] X

Jowe <] chert Tipe

® 24 chart 140 chart

[ Show Find Result
x |
v [ |

Mode

(O Find current chart
@ Find sl chart

Flip

Horizontal Vertical
Find Chert Save

Figure 4-5-2-3
6. After the search is complete, click Save and then exit.
7. Set the saturation to 100%, as shown in Figure 4-5-2-4.
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10.
11.

12.

13.

BLC LSC AWE cCH BayerlR YHR FEC &

Calibrate Result

E AutoGain

Marual Gain: 1.00
ftutoWbGain

R Gain: 1.0
B Gain: 1.0

ISP Gamma: HOFMAL o

Saturation(%): I 100

LAB Reference:
Patch Weight:
Figure 4-5-2-4
Click the Calibrate to start the calibration. It takes about 20s.
After the calibration is completed, the calculation result will be on the result page.
Click the Save button.
Modify the saturation to 74% and repeat steps 8~10.

Xrite D65 -

Calibrate  Result
A -
Double COM: ‘ﬁ
1.630 -0.314 -0.316 E |
-
-0.447 1.550 -0.103 ~ -
-0.159 -1.486 2,644 \ . ~g
ol -
\ ‘\
o5 s 5 i
.~
Figure 4-5-2-5

If AE is too large, the raw image may be too bright. You can right-click the ColorChecker
image on the right side of Figure 4-5-2-5, click Save Current, save the image, and check
whether each color patch is overexposed or a certain channel is saturated (CCM calibration
after applying the Gamma curve may cause calibration patches saturation).

a) If there is a problem of over-brightness or over-saturation, you should re-capture the
color chart of the light source, reduce the exposure, and re-calibrate.

b) If the brightness of the color blocks is normal, the possible causes of the problem are:
abnormal BLC parameters, abnormal LSC parameters, lens light leakage (infrared light),
etc..

For specific tuning methods, please refer to Rockchip Color Optimization Guide
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4.6 NR Calibration

4.6.1 Raw Image Requirements

NR module raw image capture instructions:

1. Capture in a light box with a standard light source, it is recommended to use a DC light
source with adjustable brightness.

2. A grayscale gradient card must be used, as shown in Figure 4-6-1-1.

Figure 4-6-1-1
3. Exposure needs to traverse Gain=1x, 2x, 4x, 8x, 16x..Max (for example, if the maximum gain

is supported to 40x, then Max=32).

4. Four Raw images need to be captured under each Gain, namely highlight-stacked frame,
highlight-single frame, low-light-stacked frame, and low-light single frame.

5. High light and low light can be distinguished by adjusting the exposure time or light
brightness, and multiple frames and single frames are generated by tool processing.

6. The following brightness values are all 8-bits.

7. Low-light image requirements: the pixel value of the brightest block in Figure 4-6-1-1
reaches 30 (to ensure that the boundary of each color block can be seen clearly, if it is not
satisfied, it can be appropriately increased), and the pixel value of the darkest block reaches
Black-Level (It can be satisfied when the pixel value of the brightest block just reaches 30).

8. Highlight image requirements: the pixel value of the brightest block in Figure 4-6-1-1 reaches
255, and the pixel value of the darkest block is generally around 60-70.

9. RK Capture Tool provides the YNR Capture function, which can automatically search for
qualified exposure combinations based on the brightness of the darkest and brightest blocks

settings.

4.6.2 Capture Raw Image

1. Open the RK Capture Tool, refer to the instructions in sections 3.1 and 3.2 to connect the
device.

2. Put the device or module in the light box, and stick the gradient chart on the light box.
Adjust the position of the device so that the gradient chart is moved to the center of the
screen, and it is as close to the picture as possible.
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Turn on the light box and switch the light source to TL84 or CWF.

Modify the light source name to TL84 or CWF, and the module name to NR_Normal.
Assuming that the sensor supports Gain=1-24, we need to capture 1x 2x 4x 8x 16x.

Select the YNR Capture, first take a raw image, right-click on the preview on the right and
select Draw RO, and select the brightest block and the darkest block in the preview image in
turn (represented by black and white blocks later), double-click the rectangle, we can re-draw

it, fix the image position and the rectangle position, and perform NR capturing, as shown in
Figure 4-6-2-1.

Bur Frevien & Statistics

N o vk~

Ruw Provie & Statistios

Figure 4-6-2-1
8. Capturing the low-light raw image:
The brightness of the light box is adjusted to about 800lux.
Modify the value of Gain Range in the tool to 1.0 - 1.0, and Exp Range will not be modified.
Check Multi-Frame and Low-Light.
Select the YNR Capture page and fill in the thresholds of the black and white rectangles.
set FrameNumber=32.
Black Block Mean Luma: The target value to be achieved by the black block, which is initially
filled in as BLC(8bit)+1.

White Block Mean Luma: The target value to be achieved by the white block, the initial fill is
30.

File

Config Rax Freviev & Statistics

IF Address: 169.254.85.80 Frot 5543

Device Status

Svitch To Tuning Mode | | Hode Quiry B

Start KIS Stresning | [ Stop ISP Stressing |

Raw Capture | Online Capture |

Sensor [sesass  ~| Ligne: [TEES ~] Module: [FRNorme ~ ]
Yidth 2580 Height 1440 Bits 10
Gain Renge: [ 1.0 - 1.0 g|
Exp Range 0.0001 5 - 0.100
vou: 84
Converzion Gain Mode® [ ¥ermadl L6 T MG

| Manual Exposwrs | Auto Exposwre | VIR Capture

Black Elock Nesn Luna(8bit) <

¥hite Block Nesn LunaGhit) >=[30__] :
Frame Nunber: 2

V| Multi-Frane (V] Lov-Light

] High-Light |Start YNR Capture 150000

100000
ready = 75000
ensor parsm success 50000
e S e OO RRR 111111 RNt 1111111111111 e
Figure 4-6-2-2
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a) Click the Start YNR Capture button to start capturing, and the current average pixel value
of the two rectangular boxes and the corresponding exposure parameters will be printed
in the log box; meanValue[0]: the current average pixel value of the black block;
meanValue[1]: The current average pixel value of the white block; blackTarget: the filled
Black Block Mean Luma threshold; whiteTarget: the filled White Block Mean Luma
threshold.

b) When the threshold value cannot capture the image, as shown in Figure 4-6-2-3, check
the log, find that meanValue[1] is just larger than the meanValue[0] of whiteTarget, and
set this value to Black Block Mean Luma (In order to avoid noise interference threshold,
meanValue[0] can be slightly increased), as shown in Figure 4-6-2-4.

File
Config Rax Preview & Statistics

IP Address 189. 254 85.80 Prot 5543

[ Device Status ]

[ Switch To Tuning Mode [ Wode Quiry ]

Start BISP Stresming [ Stop RISP Strasning ]

Rer Captwre | Online Copture

Senzor: (304336 v Lignt: [TLE4 v | Modute: (KB Norn: v
Width 2560 Height 1440 Bits 10 2
Gain Range 1.0 g - 1.0
Exp Range 0.0001 i = 0.100
ven 64
Conversion Gain Hode 7] Fornal 16 [ woe

Mamual Expozure | Auto Exposure | IR Capture

Black Block Mean Luna(8bit) <= 17.00

Yhite Block Mean LunaBbit) >= 30.00

Frane Hunber 2
5 ———— 150000
VI Malti-Frane ¥ Lov-Light [T High-Light [Start YNR Capture 125000
) 100000
AEAEIC CAPUIWE 13 QLI AU UUCLUTIU 75000
The device is ready to capture. @ 50000
Jtry_exp/try_single_I82B1T488. rav receive ok 25000 A b,
Raw data check sun success! % % 100 150 200 %50
carGain = | curTime=0. 00203498
neanValus[0] = 17,0129 mesnValue(1] = 28.333% rki sp_sc433_DT5_2560_1440_10bpp_4, 00x_0. 01005_nermsl_norel._single_J62516775. ran = | | Raw Danossic ]
blackTarget=17 whiteTarget=30
Nearest exposure iz gains] exp=0. 00203344 Black Level (663 125100 o 0 o °
The device is ready to capture
/try_exp/try_single_182818809. rav receive ok Lama Stats Range! 100 : Bayer Order BGGE v
Raw_data check s ruccesz!
CurGain = I curTine=0 00209344 Hean Luna 133 Nax Luna 255 Nin Lina 21
[neanValue(0] = 16.9978 meanValuel1] = 28.2272
blackTargst=1T whiteTarget=30 | ¥B Stats Range 100 : Red Gain 1.84T13 Blue Gain 1.16725
neanValue[1] is not satisfied with vhiteTarget ol

Figure 4-6-2-3

Manual Exposure | #uto Exposure ‘ INE Capture

Black Block Mean Luma(8bit) <= 17.Z =
fhite Block Mean Luma(Bbit) 0. 00 >
Frame Number: 32 .

Multi-Frame Low-Li

| | Migh-Light  |Start YHR Capture

Ry e
Raw data check sum succejfs!
curGain = 1 curTime=0. 0230769

meanValue[0] = 17.155 geanValue[1] = 30.0017

blackTarget=1T whiteTfrget=30

Hearest exposure is:fzain=1 exp=0.00225654

The device is readyfto capture.

Cftry_expftry_single_1B2732251. raw receive ok —
Raw data check supl success! —
curGain = 1 cwrTime=0. 00228684

ean¥alue[0] =meanValue[l] =
lackTarget=1T whiteTarget=30

earest exposure is: gain=l exp=0.002Z6604

& device 15 ready Lo caplure.
 ftry_exp/try_single_16273364T. raw receive ok

Figure 4-6-2-4
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c) After finding the threshold that satisfies the conditions, click the Start YNR Capture
button again to start the capture. After the capture is completed, one Raw image with the
Multiple and Single suffixes is obtained, as shown in Figure 4-6-2-5.

Config

IF hddress

189, 254 85,80

Frot 5543

Dewice Status

Eaw Preview & Statistics

Switch To Tuning Node Mode Quiry
Start RTSP Stresming Stop BISP Stremsin £
Eaw Capture | Online Capture
Sensor: |3el336 ¥ | Light: [TLSA ¥ Module: [HR Morms v |
Wideh: 2560 Height. 1440 Biws: 10
Gain Range Lo & - 1.0
Exp Range: 0.0001 0.100
ven. 84
Conversion Gain Mode J| Formal e G
Namsal Exposurs | Auto Ewposars | [HE Captwre
Black Block Mean Luna(Bbit) €= 17.20
¥hite Block Mean Luna(Bbit) 3= 30.00
Frane Hunber: kS

500000
7] Ml b 7] Low-Li ght Light
Walti-Frane [¥] Lov-Light High-Light  |Start YHR Caplure 400000
300000
ftry_exp/ try_single_LB3ZIBE05, rav veceive ok 200000
Raw dats check sm success 100000
carain = 1 curlime= DOCABOGS 0 . —_—
mean¥alos[0] = 17, 1963 meanValus[1] = 30 7676 o S0 100 13 e =0
2 whiteTarget=30
iy to capture. ¥l 5p_se4336_TLS4_2560_1440_L0bpy_L, 002_0. 00255 _nernal lovl. single |83237324. rav  ~ Raw | Denosaic
Normal/
TL84_2580_1440_L0bpp L 00x_0. 0025 _nernal Lowl, single Black Level (BGGE) (12bit) 0 0 0 0
163237924, Tww receive ok —
Raw dats check Tum success! Lums Stats Range 100 Buyer Order [nsan -
Jran_saptur e/ R _Nornal/ . . orE
vlei sp_zed336_TLEA_2560_1440_10bpp 1. 00x_0. 0025s_nernal Lonl multipl L= = =i n s s
083243231 rax racaive ok WD Stats Range 100 Red Gain 1.2222 Tlue Gain 1. 06087
By dats check s guc

Figure 4-6-2-5

9. Capturing the high-light raw image:
The brightness of the light box is adjusted to about 800lux.
Modify the value of Gain Range in the interface to 1.0 - 1.0, and Exp Range will not be
modified.
Check Multi-Frame and High-Light.
Select the YNR Capture page and fill in the following two boxes for the thresholds.
Black Block Mean Luma: Indicates the target value to be achieved by the darkest block, the
initial fill is 60.
White Block Mean Luma: Indicates the target value to be achieved by the brightest block,
fixed at 255.
set FrameNumber=32
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Raw Capture Online Capture

Sensor: (54336  v| Light: [TL84 v | Module: [HR Norme ~ |
Width: 2560  Height: 1440 Bits: 0 3
Gain Range: | 1.0 s - 1.0 ]
Exp Range: 0.0001 s - 0.100 :
veh: B4 :
Conversion Gain Mode: V] Normal L6 [ Hee

Manual Exposure l Auto Exposure YNR Capture

Black Block Mean Luma(8bit) <=| 60.00 =

fhite Block Mean Luma(Bbit) >=| 255.00 v

Frame Number: G
v Multi-Frame Low-Light | v High‘LightI Etgxt YNR Capturel

Figure 4-6-2-6

a) Click the Start YNR Capture button to start capturing, and the log of the tool will print the
average value of the ROI area, exposure and gain after each exposure adjustment.
meanValue[0]: the current average pixel value of the darkest block.

meanValue[1]: the current average pixel value of the brightest block.

blackTarget: the filled Black Block Mean Luma threshold.

whiteTarget: the filled White Block Mean Luma threshold.

b) When the exposure and gain reach the maximum, but the brightness of the brightest
block still cannot reach 255, as shown in Figure 4-6-2-7, you need to manually adjust the
brightness of the light box, and then click Start YNR Capture to re-capture, after the
conditions are met Obtain a Raw image with Multiple and Single suffixes, as shown in Figure
4-6-2-8.

Config Baw Freviev & Statistics

IF Address 188, 254. 55, 80 Frot 5543

Davica Status

Switeh To Tuning Hads ] Mods Quiry

Start RIS Stresning Stop EISP Stresning

Eaw Caplure Online Capture

Sensor: | se4336 v | Light: |TLB4 = | Module: |FR_Form: =
Width: 2560 Height: 1440 Bitz 10
Gain Range Lo g - 10
Exp Range 0.0001 ¢ - 0100

ven L
Conversion Gain Mode V| Hormal
Marmal Exposurs | Auto Expesws | YWR Captuy
Black Block Mesn Luna Bbit) <= 80,00
¥hite Block Nesn Luna(Bbit] = 255.00

Frame Nunber

500000

Start THR Capture| 150008
300000
200000
100000
o | 1 |
] 50 100 150 200 250
Nearest exposere is: gai: rkisp_scd336_TL54_2550_1440_I0bpp_ 1 00x_0, 00255 _normel lowl_single l63Z3T824 raw 7| | Eaw ] Denosaic
The dovice is ready to capturs. o =
ftry_sxp/ try_single_183:53123 Mw recaive ok Elack Level (6GB) (12bi4) ] 0 [ °
E dat heck i
earGain = 1 ewTined 027007 Luna Stats Renge 100 : Bayer Order BGGR -
duall] = 47 453 mewluluell] ' Mean Luna: 2 Max Lin = Nin Lune: 15
whi LeT ar get=2S5 Sl ux Lima in Luna:
¢ of runge! B Stats Range 100 3 Bed Gain 12222 Elue Gain 108087
Unsupported targst sep or gain =

Figure 4-6-2-7
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File

Kav Previev & Statiztics

Config
TP Address: 169.254.65.80  Prot: 5543

( Device Status )
[ Sviteh To Tuning Mode | | Mode Quiry ]

[ Start RTSE Stresming [ Stop RISP Stresming.
Rew Capture | Online Capture |

Senzor: (24336 v Light: [TL84 ¥ Modale: (MR Norne v |

Width 2560  Height: 1440 Bits! 0z
Gain Range 1.0 $ - 1.0
Exp Range: 0.0001 s - 0.100
von: 8
Conversion Gain Mode ¥ Forna (D106 [0 HoG

[ Manual Bxposure [ Auto Bxposure | 1¥R Copture

Black Block Mean Luna(8bit) & €0.00

¥hite Block Mean Luna(3bit) D= 255.00

Frane Fuber =

§ = " 1-10¢

Imaiti-Frane ClLov-Light ¥ Kigh-Light |Start TR Capture iR
R P = — 00000
_/try_exp/try_single noses' . rav receive s P
curGain = 1_curTine=0 0519690 0 - : - - :
neanValue(0] meanValue(1] {255 25) L % 100 150 200 250
blackTarget=60 whi el argot=255 -
The device is resdy to capture. ki xp_=c4336_TLA4_2550_1440_10bpp_1. 00 0.0520=_normel _hi ghl,_single 1637102122 rax ¥ | ™ ] [ Demosaic ]
Jran_capture/NE Nornal/ .
rhisp_scd336_TLB4_2560_1440_10bpp_L1. 00x_0. 05205 _normal_hi ghl_single Black Level (RGGB) (12bit): 0 0 0 o
_I83702122. rav receive ok =
o dte ik o vl Luna Stats Range: 100 = Bayer Order: [Bock. -
Jran_capturo/¥E_Nornal/ 3 = i :
rii sp_sc4336_TL34_2560_1440_10bpp_L 00x_0. 05205_nornal_hi ghl_multip ehe Lot 191 Max Lina: 285 Min Luna: 29
1_163707478. rax receive ok A wsue Range: 100 [ Red Gain: 1.50995 Blue Gain: 1.02053

Rav_data check zum szuccess!

Figure 4-6-2-8

10. Modify the Gain Range value to 2x, and repeat steps 8 and 9 until all Gain capturing is

completed.

11. Since the Gain will continue to increase, the threshold of the black block will be greatly
affected by the noise, and the threshold of the black block can be slightly adjusted according to

the printed log.
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4.6.3 Calibration Procedure

GIC & BayerNR and YNR & MFNR modules share the same set of Raw images:

1. Open Calibration Tool, click the Edit Options button in the upper left corner, enter the size,
bit width and bayer order of the Raw image.

2. Select the GIC & Bayer NR page, click the Load Raw Files button to import all Raw images,
and the imported Raw images will be in the list below.

3. Click Find ROI to frame the position of the gradient chart, as shown in Figure 4-6-3-1, make
sure that the rectangular frame is within the color block.

&7 FindROI &4 o X

128xhi ghlaul tiplenornsl_2560_1440_10_0_6400_9_176_2101_1024_1024. ren -

Option

[ show Result
Mode

O Set for cwrent frame

@ Set for ll franes

Set Save

Figure 4-6-3-1
4. Click Calibrate button to start.
5. The BayerNR noise curve obtained after the calibration is completed will be displayed in the
right window, as shown in Figure 4-6-3-2.

BLC 15C AWE oo BayeriR THE FEC & LDCH Simulator

B BLC Dedustion
3633115.4

Load Eaw Files

Find ROL

Calibrate

Save

m
Apply To Device L
del iso  tag o
-x- 1 . . ® b 50
X s TxlowLsinglenormal_25... b0
X s 1xlowlmultiplenarmal ... w200
L brr—400
X s 1xhighLsinglenormal_2... e
19187837 @ bur=800
X so TxhighLmultiplenormal... O brr—1600
3 100 2xowLsinglenormal 25... B ber-3200
@ brr—6400
x 100 2xlowLmultiplenormal ... mbar-12800
X 00 2xhighLsinglenormal_2...
* w00 2xhighLmultiplencrmal...
® 200 4xlowL singlenormal_25...
o 200 4xlowlmultiplenarmal ..
¥ 200  axhighLsinglenormal 2...
HK 200 axhightmultiplenormal...
x 400 8xlowlsinglenormal_25...
; 4449.0
x 400 8xowlmultiplenarmal ... & 4228.5 6388.0 12547.5 16707.0
i 400 BxhighLsinglenormal 2...
Figure 4-6-3-2
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6. Click Save.

7. Select the YNR&MFNR page, click the Load Raw Files button to import all Raw images, and
the imported Raw can be found in the list below.

8. Click the Calculate YUV button, the Raw image will be processed into a YUV image by the
simulator.

9. Click the Calibrate button, and check YNRCurve Print before Calibrating to save the
calibration parameters and sampling points of each iso.

10. The YNR noise curve obtained from calibration will be in the right window,
as shown in Figure 4-6-3-3.

11. Click Save.

BLC 15C ¥ CCM BayerWR I¥R  FEC & LDCH Simulator

BayerBR OF

[C] YWRCwrve Print a02.2

Load Eaw Files \
Caleulats YUY \

Calibrate
/ \\
Save 4
306.5
Apply To Device
"
del iso tag P
50 1xlowLsinglenormal_25... 0y =100
B 200
50 1xlowlmultiplenormal ...  ymr—400
50 IxhighLsinglenormal_2... ——
. - O yrr—1600
50 IxhighLmultiplenormal...
o ynr-3200
100 2xlowlsinglenormal_25... @ ynr 5400
|y -12800

100 2xlowlmultiplenormal ...
100 2xhighLsinglenormal_2...
2xhighLmultiplenormal...
200 4xlowLsinglenormal_25...
200  dxlowlmultiplenormal....

200 4xhighlsinglenormal 2...

200 4xhighLmultiplenormal...

400 8xlowLsinglenormal_25... .
0.0 1023.8 2047.5 3071.3 4095.0

XX XXX XX XXX X XXX
g

400 Bxlowlmultiplenormal ...
v

Figure 4-6-3-3

Notes:

If the generated noise curve is very different from the curve in Figure 4-6-3-3, it may be that
the high light or low light brightness is wrong. You can judge according to the abnormal
position of the curve:

The wrong curve on the left means that the low light brightness is not suitable.

The wrong curve on the right means that the highlight brightness is not suitable.

The color temperature of the light source used should not be too high or too low, otherwise
the result of Calculate YUV may be incorrect.

If the minimum brightness of the light box cannot meet the capturing requirements, you can
use a light reduction film to assist the capture.
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4.7 FEC/LDCH

To use the FEC/LDCH module, a map table is needed. The map table only with the coordinates of
the horizontal x/y direction of the image, and is a mapping table after down-sampling. To get the
map table, we need to know the relevant parameters of the camera lens. We need to capture a set
of checkerboard images, and then use the calibration tool to calibrate.

4.7.1 Calibration Image Requirements

Capturing checkerboard, the checkerboard size is changeable, and the calibration image only
supports jpg, bmp, png format.

Checkerboard capturing has two modes:

Method 1: One image contains only one checkerboard (higher precision, recommended).
Method 2: One image contains n checkerboards (for the convenience of calibration, n=4).

1. Preparations
(1) The checkerboard should be a standard calibration board. If you print the checkerboard by
yourself, please pay attention to the real size. The self-printed checkerboard should have a flat
surface, preferably fixed on a flat board. The number of checkerboards grids should be
different from the horizontal and vertical grids as much as possible, which is convenient for the
calibration tool to identify the direction.
(2) Appropriate lighting conditions and capturing environment: The lighting is moderate to
ensure that the images from all angles during the capturing process are clear, and there should
be no reflection or blur on the checkerboard. In the whole process, the aperture and focal
length of the camera should be fixed, and it is necessary that the amount of light entering the
camera and the focal length are fixed.

2. Operating rules
(1) Appropriate ratio: try to make the captured checkerboard image occupy between 1/4 and
1/8 of the entire camera field of view.
(2) Appropriate number: make sure that the checkerboards of all images can cover the entire
camera field of view, the number is usually about 15, too few quantities will cause inaccurate
calibration parameters. It is recommended to take 3-4 pictures at the same position, In order to
facilitate subsequent screening and replacement of unqualified images.
(3) Appropriate distribution: As shown in Figure 2-1, make sure that the captured images of the
calibration board are evenly distributed in all areas and corners of the camera's field of view,
and when it is close to the edge of the field of view, the checkerboard should be as close to the
edges as possible, but take care that do not make the checkerboard out of the image field
of view.
(4) Different tilt angles: We should not just capture images parallel to the plane of the lens, but
make sure it with different tilt angles.
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3. Capturing demonstration

There are two ways to capture:
(1) Method 1 (recommended)

Four calibration pictures, the checkerboard occupies four positions of the upper left, upper right,

lower left and lower right in the calibration picture, and there is no specific order.
N ' DN
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Figure 4-7-1-1

(2) Method 2
A calibration image, the upper left, upper right, lower left and lower right corners are covered

\

with checkerboards.

Figure 4-7-1-2
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4.7.2 Calibration Procedure

1Q File

# | RKISP Calibration Tool v0.2.2 - =]

Rav File Options BLC LSC AVE (OCM GIC & BayerNR YNR & NFNR  FEC & LDCH  Siaulator

Vidth:
Height:
Bits:

Bayer:

Load Calibration Inages del tag
XK imx347_4p_ 001
CAlicate R imx347 4p 002
Save R imx347 4ap 003
7 v
Figure 4-7-2-1

Configure the resolution in the Raw Options. Bit and Bayer Pattern can be ignored.

Import the folder of calibration images. Support jpg, bmp, png formats.

Adjust the calibration configuration parameters.

a) Square Size: The actual size of each grid in the checkerboard, generally 30mm or
25mm.

b) Horizontal/Vertical: The number of inner corner points of the horizontal (Horizontal)
and vertical (Vertical) of the checkerboard:

¢) Check Board Number: the number of checkerboards in each image can be 1 or 4.

d) Level: Set the Level of distortion correction, which is divided into 256 levels. Level = 0
means that the mapping table obtained at this time has no correction effect (that is, the
output image is the same as the input image), and Level = 255 means that the mapping
table is the maximum degree of correction that LDCH can achieve.

e) Correct Direction: If the mapping table is generated for the FEC module, we can also
set different corrections:

i. Only check Correct X: Only correct the horizontal direction, the effect is similar to
LDCH.
ii. Only check Correct Y: only the vertical direction is corrected.
iii. Both Correct X and Correct Y: both horizontal and vertical directions are corrected.
Click Calibrate.
Save the results.
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How to distinguish the corners and interior corners of the checkerboard (see Figure 4-7-2-2). The
picture below shows a checkerboard with 12 horizontal and 9 vertical grids. The number of

horizontal corners is 13, the number of horizontal inner corners is 11, and so on. So Horizontal =
11, Vertical = 8.

(Corners include red and green parts, while inner corners only include red parts)

Notes:

1. Check the "result" folder exists in the toolpath, if not, we have to create a new folder called
"result" and place it in the same directory as the Calibration Tool.

2. The outermost circle of the chessboard is indeed calculated. However, when capturing the
image, the black and white blocks in the outermost circle cannot be completely blocked by
the preview.

3. The number of corner points in the horizontal direction is equal to: the number of black and
white blocks in the horizontal direction minus 1.

4. The number of corner points in the vertical direction is equal to: the number of black and
white blocks in the vertical direction minus 1.

5. FEC s corrected in both directions by default. When calibrating, the direction can be
selected.

6. The folder for storing the image, preferably named after sensor name + lens name/focal
length + resolution, the tool will generate a folder for storing calibration files according to
this name
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4.7.3 Example of Calibration Results

1. If there is an unsuccessful calibration result, generally, the corner detection is inaccurate or
incomplete due to the unclear capturing of the checkerboard. Therefore, we should first
check whether the corners of each image checkerboard are completely and accurately
detected, and the number of complete detections cannot be less than 3.

2. If the calibration is successful, the result shown in Figure 4-7-3-1 will appear. We can view the
calibrated distortion parameters in the “log” on the left. The meanings of the six parameters
from top to bottom are: the center coordinates of the camera (cx, cy), camera distortion
parameters (a0, a2, a3, a4).

3. Onthe “result”, we can view the checkerboard corner detection results for each image. If the
detection result is inaccurate, delete the image, and re-calibrate it to obtain a more accurate

result. The generated FEC and LDCH mapping table is stored in the corresponding folder
under the “result”.

B ' RKISP Calibration Tool v1.3.0 - m] X
1Q File
Rav File Options ELC LSC AVE CCH  GIC & BayerNR  YNR & WFNR  FEC & LDCH  Simulator
idth: 921
Height: 1080
g - k_01 =
Bits: 10 bit Y

‘ Bayer: BGGR

Edit Options

~>INFO(FEC & LOCH) : Load
calibration inages
conpleted.

-1 BC & LDCH) : Start

| |calibration.
| |=>INFO(FEC & LDCH) : Start
dececting checkerboard

EC & LDCH) :

oard points detected
conplete.,

—>INFO(FEC & LDCH) : Start
camera calibrate...

| |the nesh

correct

| [->1nFO(FEC & LDCH) LDCH Max
[

|

Level:242
=>INFO(FEC & LDCH) : fec
calibration conpleted.

~
| Load Calibration Inages del tag

o wek 01

K wek 02

K |wek 03

Calibrate

Save

Figure 4-7-3-1
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5 Online Tuning

5.1 Introduction of Tuning GUI

File Project Tuning Tools Options File Transfer Help

Connection

9:
| . . Search
= LI Q.
Scene N‘me1 . " I Read Page Write Page |Read Module Write Mminlel Auto Write 8, - Unds Reda
v AECZ. rTolerancem [U-00 ST al
CommCtrl
LinearAeCtrl 3 ToleranceOut | 0.00 : I
HdrAeCtrl
IrisCtrl KSlraale:gyMc»de | AECV2_STRATEGY_MODE_LOWLIGHT | 'j
SyncTest -
v wh v21 /InitExp 4. )
control
manualPara READ WRITE |5,
autoPara
autoExtPara InitTimeValue | 0.000000 5 I
v abicallb InitGainValue | [1.000 =3 |
BlcTuningPara
v cem calib InitlspDGainValue | 1.000 3 I
control
lamaCCM InitPlrisGainValue |[1 Ell
manualCCM . : =
InitDClrisDutyValue 0 o
autoCcM \_ | i J
v lut3d calib
e /Route )
commeon
manualLut3D
autoLutaD READ WRITE
¥ degamma . Route Enter Array Table v
DegammaTuningPara L
~ agic_calib v21 Tool start success,
GicTuningPara Faram init success. Now please load 19 file. (File—>Open)
v debayer calib
DebayerTuningPara
v Amerge_calib
MergeTuningPara
v Adre_calib
DrcTuningPara
v agamma _calib
GammaTuningPara v

Figure 5-1-1 Main Ul of RKISP Tuner v2

As shown in Figure 5-1-1, this interface is a typical state of use: the interface after the loading and
tuning Ul is completed and the IQ parameters are imported. The following briefly introduces the
Ul meaning and functions of the numbers marked in the figure:
1. Module tree structure diagram: "normal: day" displayed at the top is the name of the scene
selected to load when loading IQ parameters, where "normal” is the name of the main scene,
and day is the name of the sub-scene.
2. ISP module: a scene can contain multiple modules, and a module can contain some pages.
3. Tuning page: A module node can contain multiple tuning pages, and a tuning page can
contain some tuning units.
4. Tuning unit: For example, the unit name is InitExp, which contains 5 numeric member
parameters.
5. Tuning unit read and write buttons: provide online read and write functions for all

parameters in the entire unit.
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6. Automatic writing function: when it is checked, if the tool has been connected to
rkaig_tool_server, every parameter modification will be automatically sent to the device and
the settings will take effect.

7. Page/module read/write button: provide online read and write functions for the entire
page or module.

8. Undo/Redo function: Can undo the last modification operation, if AutoWrite is checked, the
device will also synchronize the operation.

9. Search function: find the page where the parameter is located according to the keyword.

5.2 Platform & Network Configuration Function

Open the platform & network configuration window when you start the tool for the first time or
click the "Project” - "Network and Platform Settings" button in the menu bar, as shown in the

following figure

i’ Config X

Flatform setting

R¥1106 e

RE356X
RE3585
R¥1106 " : - ' '

IP Address [192.168.1. 100 |

Connect

Port 5543 |

[J 0o not show agzain 0K

Figure 5-2-1

1.Platform Setting:
Selecting the chip will load different configuration files of tuning Ul. The correspondence
between different platforms and configuration files is recorded in config/config.ini

2. Network Config:
Configure the network address of the device, the port number is 5543 by default, do not modify

it unless there are special requirements

Click the "Connect" button, the tool will try to establish a connection to the rkaiq_tool _server in

the device, please make sure rkaiq_tool _server is running correctly
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5.3 Registers and Algorithm Parameters

Each tuning unit contains registers or algorithm parameters. According to the different parameter
forms and value ranges, different controls are used, which generally have the following four
categories:

1. Numerical value: an integer or floating-point value with a certain range of values.

Modify the value directly
Use the up and down arrows to adjust the value
Use the slider on the right to adjust the value

|Damp0ver |Cl 15 =

|
|DarnpUnder IO 45 - ] I

|

|

|DampDark23right |0.15 = I
\DampBright2Dark | [0.45 : [ |
Figure 5-3-1

2. Boolean: a parameter whose value is 0 or 1, mainly for various function switches, etc..

Take 1 when Enable, and take 0 when Disable.

Enable l @® Enable O Disable
Figure 5-3-2
3. List: choose one of the preset options, mainly for various function modes, ISO, Day/Night and

LCG/HCG gear selection.

|AecOpType | [RK_AIQ_oP_MODE_AUTO -]
'RK_AIQ_ OP_MODE_INVALID
RK AIQ OP MODE AUTO
RK_AIQ_OP_MODE_MANUAL
|RK_AIQ_OP_MODE_MAX

Figure 5-3-3
4. Table: NxM matrix parameters, the matrix elements may be integer or float, expand by clicking

HistStatsMode

\ RawStatsMode

the “Show data” or "Enter Array Table” on the tuning unit.

B BacklitSetPoint - m] X
Jae_calib/LinearAeCtr]BackLi ghtCtr1/Backli tSetPoint 5]
1 2 3 4 5 6
Explevel 0.09600 0.19200 0.38400 0.57600 0.96000 1.34400
NonOEPdfTh 0.40 0.45 0.55 0.65 0.75 1.00
LowLightPdfTh 0.20 0.20 0.22 0.25 0.30 0.35
TargetllLuma 25.00 22.00 20.00 18.00 15.00 12.00
Figure 5-3-4
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5.4 Online Tuning of Gamma Parameters

5.4.1 Gamma Visual Tuning

1. As shown in Figure 5-4-1-1, enter the GammaTuningPara page, and click the “Edit Curve” of
the Gamma_Curve parameter to open the Gamma visual tuning Ul

normal: day ~ (Param )

GicTuningP
e READ WRITE

v debayer calib
TuningPara Gamma_en ' ® True O False

v Amerge_cahb. Gamma_out_offset | 0 =l |
MergeTuningPara

v Adrc_calib Gamma_curve \ Edit Curve
DrcTuningPara - J

v agamma calib
GammaTuningPara

Figure 5-4-1-1 Gamma Ul

2. As shown in Figure 5-4-1-2, the Gamma visual tuning Ul includes the following functions:
1) Curve adjustment area: Drag the red dot with mouse to adjust the curve. When AutoWrite is
checked, each adjustment will be set to the board end in real time.
2) Curve Coeff: Supports generating Gamma curves based on coefficients. Note that the curves
corresponding to the coefficients will be automatically generated after modification here, and
the curves originally adjusted manually may be overwritten.

3. Position Control: move the mouse on the dot, the coordinates will be updated to the X and Y
boxes, we can manually set the Y value of the point.

4. Control Point Number: Adjust the number of control points, support four types (49, 45, 24, 13).

5. Axis Range: Adjust the scale of the coordinate axis, both X and Y axes support adjustment,
mainly used for adjustment of denser areas in dark area nodes.

6. Export/Import: Supports exporting Gamma curves as files to save or reading Gamma curves
from files.
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B ' Gamma_curve
/agamma_calib_v11/GammaTuningPara/Gamma_curve
m0riginal Curve mGamma_curve m

4093. 0
3071.3
2047
1023.8

0.0

0.0 1024.0 2048.0 3072.0 4096. 0

Curve Coeff

Gamma Coeff (2.20
|

Offset

Position Control

0.00

X 2560

¥ 3308

Control Point Number
49

Axis Range
Max X: 4096

Max Y: 4096
Export Import

Export Import

Figure 5-4-1-2 Gamma visual tuning window

5.4.2 Tuning Method of Gamma Curve

There are two curves on the axes, the blue one is the original curve, the red one is the current

adjustment curve, when the pointer moves to the dot on the red curve
and down arrows, you can drag the dot to move up and down, The red
position of the point, as shown in Figure 5-4-2-1.

, it will be displayed as up
curve will change with the

B Gamma_curve

/agamma_calib_v11/GammaTuningPara/Gamma_curve

B0riginal Curve @Gamma_curve

4095. 0

1024.0

2048.0 3072.0 4096.0

Curve Coeff

Gamma Coeff (2. 20

0.00

Position Centrol
X 1024
Y |1896.95

Control Point Number

13
Axis Range
Max X: 4096

Max Y: 4096
Export Import

Export Import

Figure 5-4-2-1 The curve after dragging the dot
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Modify the “Gamma Coeff” in Curve Coeff to 1.5 and press “Enter” , a new curve will be

generated according to the coefficient, as shown in Figure 5-4-2-2

5| Gamma_curve — (]
i . L L
Jagamma_calib v11/GammaTuningPara/Gamma_curve Ganme Coet [1.5
mOriginal Curve mGamma curve ® l
4005. 0 Offset lo.00
[ |
Position Control
X [1024
v [1896.95 Set
3071.3
Control Point Number
13 [ ]
Axis Range
Max X: 4096
Max Y: 4096

2047.5

Export / Import

Esport Import

1023.8

0
0.0 1024.0 2048.0 3072.0 4096.0

Figure 5-4-2-2 Generate Curves Using Coefficients
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6 Other functions

6.11Q File Import Function

Click "File Transfer" - "Send File To Device" in the menu bar, select the 1Q file to be transferred,
and enter the path to save the IQ file on the device, as shown in Figure 6-1-1, click “Send” , after

the transfer complicated, the file can be found in the target path.

Source File Path Transfer Status

1 D:/RKISP2x_Tuner_v2.0.1_Alpha_Release/RKISP2x_Tuner_v2.0.1_Alpha_Release/JSON_DEMO/RK356X/JsonlQ...

|
i’ Set Target Directory — O X

1.

TargetDirectory |/vendor/ete/camera/rkisp2/isp2i] Send

[\J

™

0%

Figure 6-1-1 Set Transferring Path
B ' FileTransfer - O X
Source File Path Transfer Status

1 ED:/RKISPZx_Tuner_vZ.OJ_AIpha_ReIease/RKlSP2x_Tuner_v2.0.1 _Alpha_Release/JSON_DEMO/RK356X/JsonlQ... -

Figure 6-1-2 File Transfer Success

6.2 Offline Raw Simulation

This function is used to import the raw image back to the board, and run the ISP to process it.

1. Click “File - Send RAW Image To Device” to open the configuration window
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B! RKISP Tuner v2.0.6 for RK3588 - O X

File Project Tuning Tools Options File Transfer Help

Connection Send File To Device
Send RAW Image To Device Search
Scene Name A | Read Page  Write Page Read Module Write Module Auto Write ~|| Undo Redo
v AEC
CommCtrl
LinearAeCtrl
HdrAeCtrl
IrisCtrl
SyncTest
v wb v21
control
manualPara
autoPara
autoExtPara
~ ablc calib
BlcTuningPara
v cem_calib
control
lumaCCM
manualCCM
autoCCM Tool start success.
~ lut3d calib Param init success. Now please load IQ file. (File—>Open)
common
manualLut3D
autoLut3D
v degamma
DegammaTunin... +
Figure 6-2-1 Open the Raw configuration page
Click "Add” to load the raw files
RAW Image Transfer - a X
Target Directory /dato/0fflineRan/
Source File Path Transfer Status Add
1 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
2 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Move Down
3 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Remove
4 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Remove All
5 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
6 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
7 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
8 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
Send
Run

Figure 6-2-2 Load Raw image

Note: This function only support “.rkraw” format, and the internal data is
“compact+align256” . Other formats can be converted in batches using RKRAW Tool.

Please also configure “RKRawV2" in “config.ini” to 1 when capture Raw. (For the

method of Online Capture of Raw, please refer to the description in Section 3.7.2)
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3. Click "Send” the Raw image to the device, and this will generate a configuration file under

“Itm pu
#7 RAW Image Transfer - a X
Target Directory /data/0fflineRal/
Source File Path Transfer Status Add
1 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Move Up
2 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Move Down
3 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Remove
4 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Remove ALl
5 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
6 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
7 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor...
8 //172.16.8.252/Camera_Project2/cy/dddw/result/rkisp_ov5695_D75_2560_1520_10bpp_15.50x_0.0250s_normal_nor... Success
Send
L

Figure 6-2-3 Send Raw image to the device

5. Don’ tclose this window and restart the camera app. After the device detects the
configuration file, it will switch to the offline simulation mode.

6. Click "Run” to start simulation process.

7. The raw images are sent to the ISP one by one and the processed images can be seen in the
preview of the camera app. In this state it supports: online tuning parameter reading and
writing, and capture YUV images.

8. If you need to replace the raw file, refer to the following process:

1) Click Stop to pause the offline simulation.
2) Click Add to load the raw files.

3) Click Send to send the raw files.

4) Click Run to start the offline simulation.
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