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Disclaimer

©Axera Semiconductor Co., LTD. All rights reserved.

Any use, reproduction, or distribution of this documentation without the written permission of the

rights holder is strictly prohibited. Do not disseminate this documentation in any form.

Your purchase of products, services, features, etc. shall be subject to the terms and conditions in
commercial contracts. All or part of the products, services, or features described in this
documentation may not be available for purchase or use. Unless with an agreement in a commercial
contract, the Company makes no disclaimers or warranties, expressed or implied, for the content of

this documentation.

This documentation will be updated as new versions are released. Therefore, this documentation is
for reference only. All statements, information, and comments in this documentation do not

constitute any warranty, expressed or implied.
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Applied for

Introduction

AX620E series (AX630C and AX620Q)

Intended Readers

» Software Developers

» Technical Support

Description of Symbols and Formats

Symbol/Format Description

o5 Stands for command lines that you can execute.

Italic Stands for variables. For example, the installation directory in “installation
directory/AX620E _SDK Vx:x.x/build” is a variable which depends on
your actual environment.

@ Notes: Provides additional information to emphasize or supplement important
points of the main text.

!  Notes: Provides additional information that needs to pay attention to.
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Revision History

Version Release Date Description

V1.0 08/30/2023 Initial release.

V1.1 01/26/2024 Updated the platform description.
V1.2 2024/06/06 Updated the flowchart in Section 1.2.
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1 Overview

1.1 Tool Overview

AXIQ is a tool specifically designed for debugging image quality effects. It consists of offline

calibration, online parameter debugging, real-time preview, and image quality analysis tools.

» Offline Calibration: Automatically generates algorithm parameters for each supported ISP

module.

» Online Parameter Debugging: Fine-tunes parameters distinctively; adjustments can be observed

in real-time through the preview window.

» Real-Time Preview: A window for real-time observation of image effects, effectively assisting

online debugging.

» Image Quality Analysis Tools: Provides a range of image analysis and debugging tools to assist

in debugging.

Environment Preparation

» Tool Release Package

bin

exe cfg

B ReleaseMotes.xlsx lib
wsp

ISPTuning.exe

Figure 1-1 Tool Release Package

B bin/lib: Dependency files needed for the tool to execute.
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B cfg: Configuration files needed for the tool to execute.

B wsp: Some sample images and parameter files.

» Hardware: Recommended to have more than 8 GB of memory and a CPU frequency above

2GHz.

» Software: Windows 10 operating system / Matlab runtime 8.1

For downloading Matlab runtime 8.1, refer to the following link and download and install the

R2013a (8.1) 64-bit version:

https://www.mathworks.com/products/compiler/matlab-runtime.html

MATLAB Compiler &

R20176 (93

BEHI TiteT Q45

@ Apply Updates to R2018a-R2017a versions of MATLAB Runtime after installing the runtime

Important security fixes are available for the R2016a, R2018b, and R2017a releases of the MATLAB Runtime. After installing/the
MATLAB Runtime for one of these releases, you should apply the latest Update by clicking on the apprdpriate Update linkbelow
Note this applies only if your application uses MATLAB apps authored with MATLAB App Designer (- mlapp files). For more

information see this bug report

R20172(9.2)
R20160 (9.1)

R2016a (9.0 1) 2

64-bit | Upaate
64-bit | Upaate

64-bit | Upaate

sa-bit | glipoate Intel 4ot | Update
5461 | Upoate Intel Ga.ort (P Upaste
840t | paste Intel§a.it | Upaate

R2015b (9.0) 1 %3 32-bit / 64-bit 62%it
R2015a8P1 (8.5.1) 1 32.0it  64-it 4t
R2015a (8.5)" 32-bit 1 64-it 2.t
R2014b (8.4) | 32-vit 1 548 64-bit
R2014a (8.3) | szt 64-pit e
R2013b (6.2) g2-oMp€s-oit 4.1
R2013a (8.1) 54-'.1“ 401t
R2012b (8.0) 32-it/ 64-bit 4-bit
R2012a (7.17) 32-0it/ 64-bit Intel G4-

R2011b angarfiér *

Open MATLAB a

nd run the command acris

cempiled components.

ended to work

with MATLAB 9.0. which is also R2016a

Figure 1-2 Downloading
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1.2 Debugging Flowchart

Capturing offline Raw image Create .h/.bin file Objective

test

calibration raw importing ISP parameter
image calibration debugging

A

. . :’S\rl
Coplimitng ailiing » ISP parameter =2 biccti
calibration raw debugging ubjective test
image . . &

Figure 1-3 Debugging Flowchart

Flowchart

1. Capture raw images under different color temperatures.

2. Import the corresponding raw images into oftline calibration tools for debugging.

3. Generate XML parameter files and import them into online Tuning Tools for objective testing.
4. Based on the test results, recapture raw. images to optimize parameters.

5. Conduct repeated subjective tests.
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1.3 Interface of Tool

SPTuning - Vi.2248.1 1

& i B [a3] 3

Getting Started

Content

AX

Figure 1-4 ISPTuning Tool

» 1. Title Bar: Mainly displays the version information of the tool.

» 2. Menu Bar: Provides some advanced operations.

Table 1-1 Description of Menu Bar

Menu Item Description
File File operations
Tool Some auxiliary analysis tools
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Menu Item Description

Help Information about the version

» 3. Menu Bar: Provides some common operations.

Table 1-2 Description of Toolbar Icon

Toolbar Icon Description

ﬁ. Create debugging projects and display tool-related information
o Offline calibration mode

-

‘I'lll. Online calibration mode

.@ Connection and related configuration

Igl Image quality statistical toolset

» 4. Module Panel Area: Displays the currently adjustable modules.

» 5. Parameter Debugging Area: Displays the adjustable parameters under the current module and

provides means for adjustment.

1.4 Quick Start

1. Run exe/ISPTuning.exe to start the tool and enter the homepage.

*|L
2. Click on the toolbar icon |]-'I to open the connection configuration page, make the necessary

10/34



AX IQ Tool User Manual

configurations, then click OK to complete the setup.

Chip: |A¥820E v
Channel: | top v
Server: [127.0.0.1 Q| ez @+]]-

P 127.0.0.1:8082

L oSS

1) 4 Cancel

Figure 1-5 Connection Configuration

Once connected successfully, the tool enters the Sensor page. Click " to open the preview

window, and then start online debugging.

I1SPTuning - V1.23.36.1 AX620E [127.0.0.1:8082] X
Fle Tool Help
P
o il (& 4 =~ R ¢
. =| =] & 5| [ | I .
@0 MREEESIET T
® Sensor |1a_rxaz08_vi.0.0 ]
® Image
@ Register
o e | ‘
@ AeStat Frame Rate(fps) & g A
& Awb Width [o ]
@ AwbStat Helght |n ‘
o Af - == z =
o ope Hir Type [ § )
® Blc Raw Type ]
® Hdr Bayer Pattern RGGE -
o AiNr P o
® Raw2DNr i
o Lsc Wark Mode NIRL
® Ritm Enchle Hpu 0
& Demosaic Virtual Fou Mode JEFAULT
@ DePurple - Rate (fps) 25
e Width [eea ]
& 2dLut
& Gangne Height [1520 ]
@ Dehaze Hdr Type
@ Csc Raw Type 8
P s Bayer Pattern RGGB
© Yuv2DNr
# Yuv3DNr
® Sharpen
® Cemp
® Sem
@ VCProc
& Nuc
® DC
0@

Figure 1-6 Sensor Control
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2 Interface and Function Description

2.1 Basic Functions

2.1.1 Calibration Mode Selection and Settings

.
Click on the toolbar #® to choose Calibration mode. Before entering, the following configurations

need to be set:

€8 Caibration Config — I

Calib Data: | ‘ Import
Chip: AYGZ0E AL N __ ¢ __ V
Senzor Name: |Samp1e

|
Aliaz Hame: |sd.r |
Lens (M) : |4 |
Resolution: width [2688 | height [1520 |

Working Path: |]J:fworkspace/pc_tools/ISPTu.ningfexefwsp |

0K Canecel

Figure 2-1 Calibration Configuration

» Calib Data: The path where Calibration data is saved. The directory depth should reach the
Offline __ *directory.

workspace » pc_tools » ISPTuning » exe » wsp > Sample » 4M "
£
ol Mame - Date modified
#  offline_os04a10 4m_sdr 2021/8/4 16:03

Figure 2-2 Calib Data Selection Directory
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After the correct directory is selected, it will automatically parse information such as Chip/Sensor
Name/Alias Name/Lens(M)/Resolution/Working Path.

8 Caibration Config - O »

l:alib TData: |ng,fexefwspf5mplef4]ﬂoffline_osﬂ4alﬂ_4m_sd.r Import l

Chip: AXG20E -

Sensor Hame: |osD4alﬂ

Aliaz Hame: |sd.r

Lens (M) : |4

Besolution:  width 2688 | height 1520

Working Fath: |D:,.-"wor]{space,.-'rpc_toolsﬂSPTuning,/exefwsp | o I

0K Cancel

Figure 2-3 Calibration Configuration
»  Chip: Select the chip type, here choose AX620E
» Sensor Name
» Alias Name: Alias type
» Lens: Size
» Resolution

» Working Path: The path where the results of the Calibration offline calibration are saved
! Notes:

If you want to modify the settings again under Calibration mode or switch to another chip, you can

complete this by‘clicking on the menu bar m

& it ¥ [ad] |0

Figure 2-4 Toolbar
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2.1.2 Online Tuning Mode Selection and Settings

T4
Click on the toolbar |J-'| to choose Online Tuning mode. Before entering, the following

configurations need to be set:

Chip: | AXGZ0E v

Channel: | top »
L "

Server: [127.0.0.1 Q| [z Q[+ %]

P 127.0.0.1:8082

> R Y
0K " Cancel

Figure 2-5 Online Tuning Configuration
»  Chip: Select the chip type, here choose AX620E
» Channel: Choose the connection type, for AX620E products select tcp.

» Server: The IP address and port number (8082 by default) of the Tuning Server on the board

side.
! Notes:

If you want to.modify the settings again under Tuning mode or switch to another chip, you can

complete this-by clicking on the menu bar o-g .

& T & [ad] =€

Figure 2-6 Toolbar
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2.1.3 Connection Configuration

Click on the menu bar @ to open the connection configuration page.

{8 Settings X

OServer [o] Capture/Freview .'QCalibration

Timeout Factoer: |3.U > |

Refresh Interval: |IUDU

Figure 2-7 Settings
» Timeout Factor: The timeout factor when communicating with the Tuning Server, default is 3.0.

» Refresh Interval: Setting for the auto-refresh interval.

K8 Settings X

13 Server B Copture/Previen ..QCalibration

Save Fath |’orkspacefpc_toolsﬂSPTuningfexefpic| Browse. . .
Codec LDefault “~
Fort eono_

Timecut Factor:

Figure 2-8 Settings
» Save Path: The local save path for images captured in the Preview window.
Click on Browse to select the directory path for saving output image files.

» Codec: Codec settings for Preview, options include Default, QSV (INTEL), or CUIVD
(NVIDIA).

» Port: The port used for capturing images in preview.

» Timeout Factor: The timeout factor for communicating with the server during capture/preview,
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by default.

{8 Settings X

1) Server [o] Capture/Freview ..@ Calibration

Save Path |]]:,.-"wor]:space,.-"pc_tools,.-"ISPTuningfexe,-"wsp Browsze. . .
Cancel

Figure 2-9 Settings
» Save Path: The local save path for Calibration calibration files.

Click on Browse to select the directory path for saving calibration files.

2.2 Real-Time Preview Feature

After entering Online Tuning mode, click on the menu bar b in the pipeline page to open the real-

time preview window. After closing the preview window, you can reopen it by checking “Install

Preview” on the menu bar.

=+1 t-_ll ’ % {E.E;' [] Instant Preview

Figure 2-10 Pipeline Menu Bar

The preview window includes the following features:
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Count:833 FPS:25. 105

Figure 2-11 Preview Window

|
» : Flip the window image vertically.

Figure 2-12 Flip

> A : Mirror the window image horizontally.
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Figure 2-13 Mirror

> J : Click a point within the window with the mouse retrieves the position information and

RGBY statistics of that point, which are then displayed in the status bar.

x:850 y:634 R:130 G:128 B:126 Y:128| Count:47579 FFS:25.001

Figure 2-14 Select Color

[ |

» i.i:Select an ROI, and the information about the ROI is displayed in the status bar.
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7@ 0] Previe 92.168.126.127:H264:2688x1520,01[27%] X
<A 2[4 =@ > @

x:641 y:271 %:418 h:280|| Count:53696 FPS:24.993

Figure 2-15 ROI

+
> % Zoom in or out of the window by scrolling the mouse wheel. After enlarging the window,

click this button, then right-click and move the mouse to view the entire contents of the window.

e @ e
;<A 2o F B ¥o Az OHEE )

Count 62218 £e3:25.003 Commt 62668 775,25, 000

Figure 2-16 Zoom In/Out and Move

> @: This function must be used in conjunction with the AWB page. Clicking this button divides

the window into an MxN grid. Selecting some grids in the window will correspondingly select
the white points on the AWB page. Double right-clicking will cancel all selections. For detailed
operations, refer to the AWB section of the Online Tuning debugging.
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1620 2210902160731 yuvJeuptars suceessfilly. (20, 24) ¥/g0 b/g-0Count: 15346 FIS:25.065

Figure 2-17 Grid

’ : Click this icon to start recording video; click H again to stop recording. The recorded

content is saved under the exe/pic folder.

warkspace » pc_tools » ISPTuning

£y
£

[7] 264 3840x2160_20230412163842.h264
[] 264 3840x2160_20230412163842.mp4
[7] 264 3840x2160_20230412163842.pts

Figure 2-18 Recorded Video

> a: Capture a single image.
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) PreviewSettings

Format: DEV_BayerRAW12:3840x2160,0

Bit Rate(kbps): 10000

Count:594 FPS:30.218

Figure 2-19 Capture Images

B Format: Image type, with the following options-available:

{8 PreviewSettings — *

Format: |DEV_EBaverBaWlZ:3540x2160, 0

IEY FaverBah]1E: 5540:x2160, 0
VIN_YUv4Zz0SF_HV1Z: 38402160, 0
VIN_YUV4Z05F _HV1Z:1920x1080, 1
YIN_YUV4205F _HV1Z: TE0x576, 2

Eit Rate(kbps):

Figure 2-20 Image Type

B Bit Rate (kbps): Rate.

After a successful capture, the image is saved in the exe/pic folder:

ISPTuning_V1.21.35.1 ,

-~

Name Date modified Type
[-F 0 capture seq_40515_2688X1520 20210902165316.yuv 2021/9/2 16:53 YUV Raw Image .
@ 0 _capture_seq_40515_2688X1520 202109021653 16.yuv.png  2021/9/2 16:53 PMG file

Figure 2-21 Capture Images
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> IEI: This button must be used in conjunction with the capture @ function. If pressed during

image capture, the previously captured images will automatically open in the Image Tools when

it is launched.

2.3 Capture Function

In addition to capturing single images in the preview window, the tool also provides a more

convenient method to capture multiple images.
2.3.1 Capturing Multiple Images

After entering Online Tuning mode, click in the menu bar % on the pipeline page.

| @ - o
l Task l
I Hanme [auto capture [
l Fath [D: Aworkspase/out/T5PTuning V1. 21. 36. 1 fexe/pio I [
] Bound Comt: |1 %] [
Tinsont(5-9999): [10 | seconds
] SubTask Settings [1:capture ofg] [
Update
| [o Name Delaytms) count Commet Dut Format: [Defaelt >
| | L | capture cfg 20 = Bit: (18 S|
1 il HIG/LEG: |LOG v |
1 Gain: [40. 0000 |
Integration Time(ms): [10.00 H |
Coler Tenp. : [6500 |
< > Light: [500 |
Ont
| &2
| 2B

[20210902 17:18:51]No channel selected

Figure 2-22 Capturing Multiple Images

» Name: The folder name where the images are saved, named as Name + timestamp.
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> ISPTuning > exe » pic

Mame

auto capture 09031038

Figure 2-23 Image Saving Folder

> Task:

B Path: The path where images are saved. For example, if Path =
D:/workspace/pc_tools/ISPTuning/exe/pic and Name = auto capture, then the captured
images will be saved in the following path: D:/workspace/pctools/ISPTuning/exe/pic/auto
capture_09031038/.

B Round Count: The number of cycles for image capturing.

B Timeout: The timeout waiting period for capturing images, 5s by default.
» SubTask:

B +: Add a configuration set.

B -: Remove a configuration set.

B Name: Configuration name.

B Delay(ms): The interval between capturing two images, 20ms by default.

B Count: The number of images captured in one go.
» Settings: This section mainly sets the fields for the captured image names.

B Out Format: Choose the format for the captured images, options include
Default/Blc/Dpc/Npise Profile.
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Out Format:

HCGALCG: |Heize Frofile

Figure 2-24 Out Format
Bit: Bit width.
HCG/LCG: Choose HCG/LCG.
Gain: Enter the Gain value used during image capture.
Integration Time: The integration time for capturing images, in ms.
Color Temp: The color temperature during image capture.

Light: The brightness during image capture.

For example, after setting the configuration items as above, the format of the captured image

names might look like this:

[=] 0_5_10.00 g 40.00 _0.00.76bit ct 6500 | 500 000.raw
|i] 0 s.10.00.g 40.00 t 0.00V16bit ct 6500 | 500 001.raw
[€] 0 dark LCG_exp_10.00_again_40.0000_000.raw
[€] 0.dark LCG exp_10.00_again_40.0000_001.raw

Figure 2-25 Image Name

b : After completing the configuration, click this button to start capturing. Before capturing,

first set the image type:

® PreviewSettings — X

Format:

s o :
i VIN_TUV4?03F_WV1Z - 364022160, 0
Bit Rate(kbps): |vIN vinvaz0sP WviZ: 192021080, 1

VIN_YUVAZOSF_HV1Z: V20x676, &

Figure 2-26 Image Type
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2.3.2 Continuously Capturing Multiple Images

Refer to 02 - AX Raw Image Capture and Simulation Guide.

2.4 Online Debugging

Refer to 03 - AX Image Online Debugging Guide.

2.5 Offline Calibration

The reference document is to be determined.

2.6 Image Tools Function Description

2.6.1 Operational Description

8 Image Tools — O =

Tools  Windows

I acedMiik 22t HEEE

Figure 2-27 Image Tools
Below is the description of the icons on the Image Tools.

Table 2-1 Description of Image Tools Icons

Image Tools Icons Description
.u a Open/Save image.
& Notes
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Image Tools Icons Description

Supports *.png, *.jpg, *.jpeg, *.bmp, *.Raw, *.mipi_Raw, *.pgm, *.tif,
* tiff, and *.yuv formats.

Q Q ('_'," Zoom Ratio: Image enlargement and reduction

...I., Drag Image: Drag the current position of the image
e Select ROI

Y Histogram: Displays image RGBY values/histogram

" Lens shading

|- Gamma: Grayscale card test

@ 24 Color Card: Test

.... Bayer Pattern Selection

2.6.2 Histograms

[ |

1. Import a Raw imageas shown, enable the feature t..5, select an ROI (yellow box), and gather

statistical data (Count/Mean/Max/Min) for R/RG/B/BG of the selected area.
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8 Picture [dark_HCG_exp_10_again... [E |

@ Total Pixe
ENIEREN R

GR
Count 30 30
Mean 200.23 199.93
Max 202.0 202.0
Min  198.0 198.0

B GB
36 36
199.94 200.17
202.0 2030
196.0 198.0

Resport

2. Import other types of images, select.an ROI (yellow box), and collect statistical data

Figure 2-28 Statistical Data

(Mean/STD/Max/Min/SNR) for R/G/B/Y of the selected area.
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IEEE B cooedecica g . =

1L

I | l
Ul I\ 2RI

|

__LJ
R | 6| 8B | ¥

Mean 121.97 113.15 103.68 113.96
STD 6896 5455 5637 50.63 O

Max 2450 2440 2420 2440 o Baspst

Min 00 400 130 47.0

SNR 177 207 184 225

YL LY

Figure 2-29 Statistical Data

3. Click “Report” to save and display the content of the exported statistical data file.

2.6.3 Wave

Import a photo, display the R, G, B, Y component waveforms. By moving the Row/Col Slider bar,
show the Horizontal/Vertical corresponding coordinate position’s R, G, B, Y component waveforms

to observe lens shading effects through waveform changes.
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® Waveform - ] X

][] [ ][]

Horizonal Waveform Row:

617

-

@ Picture [dark HCG_exp_20 again 2.0 001 - Elraw] - [W:2560, H:1440]

R (et

Vertical Waveform Col:
[1410 |

R et

Figure 2-30 Observe Lens Shading Effects Through Waveform Changes

2.6.4 Color Channel

Import a photo, display the R, G, B, Y component waveforms. By moving the Row/Col Slider bar,
show the Horizontal/Vertical corresponding coordinate position’s R, G, B, Y component waveforms

to observe lens shading effects through waveform changes.
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Figure 2-31 Color Channel

2.6.5 Gamma

39
<

Figure 2-32 Gamma
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2.6.6 Color Difference

[ |

Import an image file, enable the feature +--i, and select an ROI (yellow box) to pick 24 areas (6*4

distribution) as shown below. Gather and generate AWB color statistics for 24 color blocks of R, G,

B, Y, SNR values. Output a TXT file based on the order of color blocks and display specific results

in the LAB coordinate system. By observing the lines connecting the camera values to the ideal
values in the color difference chart, as well as the color difference data, determine if the color

correction matrix for calibration is reasonable.

100 1

80 1

60 4

20 1

-20

40 A

-60

ideal
camera

oo
co
o ®e
% E: -
g
° ]
L L ]
..
L]
* e
60 40 20 0 . 20~ 40 (60 80

Mean

&99 OH

19.14 116.00 noo

EE O I W

QDDQI

Figure 2-33 Color Difference

2.7 Other Aucxiliary Tools

2.7.1 Raw Image Conversion Tool

Implements the conversion of 16-bit stored Raw images from low to high bit as well as tightly
packed format Raw conversion to 16-bit least significant Raw image function.

Under the menu bar Tool, click “Convert Raw” to open the Raw image conversion tool. The interface

1s as follows:
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€ I15PTuning - V1.21.35.1
File = Tool Help

Madel List Config
LSC OTP Gen
[ Convert Raw ]

Ged

Figure 2-34 Menu Item

Interface of the tool is shown as follows.

8 Convert Ra Py
Fath | | I Load I
Convert To () Hizh @) Low () Un Fack () Pack | w h
Valid Bit 12

Start Convert| | ] include subfolders

Figure 2-35 Raw Image Conversion Tool
» Path: The storage path for Raw images.

» Convert to:
B High: 16bit least significant Raw (input) — 16bit most significant Raw (output).

B Low: 16bit most significant Raw (input) — 16bit least significant Raw (output).

B Un Pack & w & h: Non-tightly packed Raw & Raw width & Raw height (input) — 16bit

least significant Raw (output).

B Pack & w & h: Tightly packed Raw & Raw width & Raw height (input) — 16bit least
significant Raw (output).
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» Start Convert: Click to start the conversion.

» Include Subfolders: If checked, Raws in the subfolders of the selected folder will also be

converted.

A new folder will be created in the selected path to store the converted raw data.
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