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1. Before You Start

1.1. About This Manual

This manual contains basic information about the camera, product features, function
introduction, and care and maintenance, which is TUCSEN's internal document and
published content to make it easier for users to use TUCSEN cameras. This
document is disclosed only for the purposes stated above and does not constitute a
license, assignment or any other right of the owner. All risks and results of using this
document remain up to the user.

This document may include technical inaccuracies or typographical errors, and no
warranty is given for any damages resulting from such technical or typographical
errors. TUCSEN makes no commitment to update or maintain the information
currently contained in this document.

All brand and product names appearing in the documentation are trademarks or
registered trademarks of their respective owners. TUCSEN reserves all rights to the

copyright of the documents.

1.2. Cautions

Operation & Usage

® Do not drop, disassemble, repair or replace the internal
components by yourself. Failure to do so may damage the camera
device or cause electric shock.

® |[f liquids such as water, beverages or chemicals enter the
equipment, stop using it and contact the nearest distributor or

Not manufacturer for technical assistance.
ote

® Do not touch the device with wet hands as this may result in

electric shock.

® Do not allow children to touch the equipment without supervision.
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® Make sure that the camera is used at the specified temperature
range. Otherwise the equipment may be damaged due to extreme

temperatures.

Installation & Maintenance

® Do not install it in a dusty and dirty area or near an air conditioner
or heater to reduce the risk of damage to the camera.

® Avoid installation and operation in extreme environments where
vibration, high temperatures, humidity, dust, strong magnetic fields,
explosive/corrosive gases or gases are present.

® Do not apply excessive vibration and shock to the equipment. This
may damage the equipment.

® Avoid direct exposure to high intensity light sources and UV

Note irradiation, etc. This may damage the image sensor.

® Do not install the equipment under unstable lighting conditions.
Severe lighting variations can affect the quality of the images
produced by the equipment.

® Do not use solvents or thinners to clean the surface of the

equipment, as this can damage the surface of the housing.

Power Supply

® Please use the original power adapter of the camera, using a
mismatched power supply will damage the camera.

® |[f the voltage applied to the camera is greater or less than the
nominal voltage, the camera may be damaged or not work
properly.

Note ® Please refer to the specification sheet for the nominal voltage of

the camera.

® Make sure the power is turned off before connecting the power

cord to the camera. Otherwise, the camera may be damaged.
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2. Product Specifications

This section will introduce the Dhyana 9KTDI specifications including chip
characteristics, camera parameters, form factor, interface features and accessory list.

2.1.Introduction

The Dhyana 9KTDI is a high-speed TDI camera, it works with CoaXPress frame
grabber, it uses a back-illuminated highly sensitive image sensor, it can respond to the
UV band. The image element size is 5 1 m X5 u m, the horizontal resolution reaches
9072, and supports up to 256 TDI levels, and the line frequency can reach
510kHz@8bit, 345kHZ@10bit, 299kHZ@12bit with full resolution output. Dhyana
9KTDI camera can be programmed and updated in the field, supporting GenlCam
standard, users can quickly drive the camera to acquire images to meet the needs of
different application scenarios.

2.2.Main Features

® High sensitivity, QE reaches 82.4%@550nm, 38%@800nm, 38%@266nm*,
51%@355nm*;

Wide response spectrum with good response in the UV and IR bands

Deep TEC cooling to suppress dark currents: chip temperatures as low as -15°C
Line frequency can reach 510kHz@8bit, 345kHZ@ 10bit, 299kHZ@12bit
GenlCam™ compliant

CoaXPress compliant, support the mainstream frame grabber

Support 4~256 levels of TDI level output

8/10/12-bit pixel format output

Support ROI

Support Binning

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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Flat field correction

Dark field correction

Support Offset adjustment

Support digital and analog gain adjustment
Horizontal Mirroring

TDI scan direction support inversion

Support test image output

Multiple configurable user parameter storage spaces

Camera temperature monitoring

Online firmware upgrade

*Value inferred from the QE curve.

2.3.Parameter Specifications

Dhyana 9KTDI

Sensor BSI sensor
Color/Mono Mono

Resolution 9072 (H) x256 (V)
Pixel Size S5um x 5ym

Effective Area

45.36 mm x 1.28 mm

Quantum Efficiency

82.4%@550nm . 38%@800nm . 38%@266nm* .
51%@355nm*

TDIStages

4/8/16/32/64/128/192/256

Max.Line Rate

299kHZ@12bit; 345kHZ@10bit; 510kHZ@38Dbit

Scan Direction

Forward/Reverse/Trigger Control

Dynamic Range

Typ.68.7dB@12bit; 63.6dB@10bit

CTE

20.99993

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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Full-Well Capacity

Typ.15.5ke-@12bit; 14ke-@10bit

Readout Noise

Typ.7.2e-@12bit; 11.4e-@10bit

(Median Value)

Analog Gain x2 ~ x8 step 0.5

Digital Gain x0.5 ~ x10 step 1

DSNU 1.5e-@12bit; 3.5e-@10bit(Typ.)
PRNU 0.3% (Typ.)

Cooling Method

Alr & liquid cooling

Temperature Differences

Air 20 C (ambient temperature 25 C);
Water 35 C (water temperature 20 C)

Dark Current

950e-/s/pixel@Chip temperature 10C

Binning 1x1; 2x1; 4x1; 8x1

ROI Support

Trigger Mode Trigger Input, Scan Direction Input
Output Trigger Signal Strobe out

Trigger interface

Horison, HR10A-7R-4S

TimeStamp Accuracy

8ns

Data Interface

CoaxPress2.0 (CXP-12)

SDK GenlCamTM

Bit Depth 8bit; 10bit; 12bit
Optiona Interface M72 x1

Power Supply 12V+1V/5A
Dimensions 86mm*86mm*109mm
Software SamplePro; Matlab

Operating System

Windows; Linux

Operating Environment

Temperature: 0-40°C, Humidity: 0%-90%

Technical Support Email: service@tucsen.com
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*Value inferred from the QE curve.

2.4.Spectral Response Curve
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Figure 2-1

2.5. Mechanical Specification
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2.6.Components & Features

The interfaces of the Dhyana 9KTDI camera are shown in Figure 2-2 and the
corresponding functional descriptions are shown in Table 2-1. The pin definitions for
the power and trigger interfaces are shown in Figure 2-3 and the trigger input and
output circuit diagrams are shown in Figure 2-4 and Figure 2-5.

Note: The trigger level is 3.3V and must not exceed 5V.

Figure 2-2 Dhyana 9KTDI interface

Tab 2-1 Function of the Dhyana 9KTDI interface

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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No. Interface Functions

Red ON The camera is not initialized

Red flashing CXP connection configuration

not completed

Orange flashing Check the  configuration

status of the CXP connection

Indicates

the CXP connection configuration
1 Indicator Green ON g

camera complete

status Checking the configuration

Alternating orange | status of the CXP connection
and green and transferring data is being
done simultaneously

. The camera is transmitting
Green flashing
data

External trigger input, HR10A-7P-4P. The trigger level is 3.3V

2 Trigger
and must not exceed 5V.
3 DC12V Power connector, 12V/8A,The pin definitions for the power and
trigger interfaces are shown in Figure 2-3.
HDBNC x4, 4 interface serial numbers must correspond to the
4 CXP12

frame grabber interface one by one

Description of the trigger interface

Power

12 3+12VDC 4 5 6:GND
(HR10A-7R-6PB)

Control

1: Trigger IN, 2: Direction IN

3: DC Ground, 4: Strobe OUT+
(HR10A-7R-45)

Figure 2-3 Power and trigger pin definitions

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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Trigger Input e B
g Default: rising edge trigger
To FPGA Trigger I1I/0 §
(7) TRG_IN1 <DT} TRG INT i [} ¥ A1 1 PP TRIGGER IN1
vecsvil e GND'2—|||'
(7) TRG_IN2 <TIT— N2 oo R T i = TRIGGER_INZ
i H
Figure 2-4 Trigger input circuit diagram
Trigger Output
3V LVTTL
J_‘ T;’dl(“zGER IN1
Output Drive:20mA
From FPGA Logic JF3

TRG_OUT1 TRIGGER_OUT1
(7) TRG_OUTIIN > — —

Ha w2 W i
:II Zleno vee b2 ¢—vCCave D
3 4 #4
* ac * * "L 7| HRioa-TR-4sB
o 3 TRIGGER OUT1

I—i—

Figure 2-5 Trigger output circuit diagram

1) The trigger level is 3.3V and must not exceed 5V,

2) The trigger level is judged to be high when it is higher than 2.6V, low when the
trigger level is lower than 0.6V, and indeterminate from 0.6 to 2.5V, with possible
erroneous trigger states;

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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2.7.Package List

Pictures

Items

Specification/ Model

QTY

TDI Camera Dhyana 9KTDI 1
Power cables DC12V/HR-10A-6P-PB 1

L
USB Elash disk Included Software & 1 /J.—

Drivers

Optional Items

M72 to F-port
adapter

Specification/ Model

M72x1

QTY

Pictures

CoaXPress
frame grabber

Euresys /KAYA / Matrox

Technical Support Email: service@tucsen.com
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CoaXPress 3m 4
cable
External trigger HR10A-7P-4P 1
cable
Disassembly installation/removal  of 1
tools CXP cables
Length: 2m;
Material: PU, transparent
Water pipe O.D: 8mm, I.D: p5mm | 2
pressure resistance 10
bar

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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3. Installation

This chapter will introduce the installation of the camera, the frame grabber, and the

software, and how to connect the water-cooled camera to the water cooler.

3.1.Camera Installation

Connect one end of the CXP cable to the frame grabber and the other end to the
Dhyana 9KTDI camera (it is recommended to use a removal tool to assist in installing
the CXP cable). Lock the retaining ring, then plug in the power cable and turn on the
power switch to see the light come on.

IKTDI

Port 4
CXP12 x4 j-fort3

i
il

DL
\REE

elalale

w

00009

e

TIED

I, |
L |

Power
Adapter

(® f 'V' N @

Eo o =3
&
DC12V/8A o
== Frame
Computer Grabber

Figure 3-1 Dhyana9KTDI Connection Diagram

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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Note:

When wiring, please ensure that the serial numbers of the 4 CXP ports on the camera
should correspond to the serial numbers of the frame grabber ports.

3.2.Frame Grabber Installation

Power off the computer and open the cover of the host as shown in Figure 3-2. Install
the frame Grabber into a PCle slot with a transfer bandwidth greater than 850MB/s,
secure it with screws and then power on the computer. The maximum transfer frame
rate for different PCle slots is shown in Table 3-1.

PCI CPUO
PCle3x16 CPUO
PCle2x8 CPUO

PCle3x16 CPU1

PCle3x16 CPU1

PCle3x16 CPUO

PCle3x8 CPUO

Figure 3-2 Motherboad

Tab 3-1 Maximum transfer rates for different PCle slots

250MB/s 4GB/s

500MB/s 2GB/s 4GB/s 8GB/s

985MB/s 3.9GB/s 7.8GB/s 15.7GB/s

The brands and models of frame currently supported by the test are shown in Table

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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3-2

Tab 3-2 Supported Frame Grabber

Brand Model [\ [o] (=}
KY-FGK-II-CXP Firmware:
KAYA Komodo Il 4CH CoaXPress 12G Frame Grab | 4.2 52
ber CXP12x4 (2020-11-04-18-59-49)
Euresy ) Firmware: 1-camera,
Coaxlink Quad CXP-12 .
S line-scan
Matrox | Matrox--RAP 4G 4C12

Note:

If there is a compatibility problem with the frame grabber, please confirm the firmware
version and use the correct version.

3.3.Frame Grabber Driver Installation

This section describes the driver installation for the three brands of frame Grabbers
currently supported.

3.3.1. KAYA

Kaya frame grabber in Windows only supports Win10 (x64), currently it is
recommended to install the following version of 2020.3 with better compatibility:
KAYA_Vision_Point_Setup_2020.3_Windows_64.exe.

Operating Procedure
1) Double-click the KAYA frame grabber driver to start installation;

5 KAYA Vision Point Setup 2020.3 Windows_64.exe
2) Click "Next" to proceed to the next step of installation;

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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i3 Setup - KAYA Instruments Vision Point — pad

Welcome to the KAYA
Instruments Vision Point Setup
Wizard

This will install KAYA Instruments Vision Point version
5.4.0.7320 on your computer,

It iz recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Figure 3-3
3) Select the driver installation location, according to the default configuration can be,

click "Next";

ﬁ! Setup - KAYA Instruments Vision Point —

Select Destination Location
Where should KaYa Instruments Vision Point be installed?

Setup will install KAYA Instruments Vision Point into the following folder.

To continue, dick Next. If you would like to select & different folder, dick Browse.

Browse...

At least 299.2 MBE of free disk space is required.

Figure 3-4

4) Select the components to install and click "Next" to proceed to the next step;;

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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i5 Setup - KAYA Instruments Vision Point —

Select Components
Which components should be installed?

Select the components you want to install; dear the companents you do not want to
install. Click Next when you are ready to continue.

!Fuﬂ installation P

+"| Mision Paint SDK
[] virtual COM port for serial communication

Current selection requires at least 299, 2 MB of disk space.

= e

Figure 3-5
5) Create a folder to the start menu, it is recommended to use the default settings,

users can also choose other folders according to their needs, click "Next>" to
enter the next step;

ﬂ Setup - KAYA Instruments Vision Point —

Select Start Menu Folder
Where should Setup place the program's shortcuts?

o
Setup will create the program's shortcuts in the following Start Menu folder.
[ =]

To continue, dick Next. If you would like to select a different folder, dick Browse.

| RAYA Instruments, I Browse...

T e

Figure 3-6

6) Confirm that all settings are correct and click "Install" to start the driver installation

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826

19



Camera Technology
Focused on Scientific Imaging

and Challenging Inspection www.tucsen.com

process,
ﬁ! Setup - KAYA Instruments Vision Point —
Ready to Install

Setup is now ready to begin installing KAYA Instruments Vision Point on yvour
computer,

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\Program Files{KAYA Instruments

Setup type:
Full installation

Selected components:
Vision Paint SDK
Virtual COM port for serjal communication

Start Menu folder:
KAYA Instruments

T e
Figure 3-7

7) During the installation process, click on "Next" when prompted to continue the

installation;
RENFEFZEAS l.' Setup - KAYA Instruments Vision Point == X
3 L = Ere) Installing
Kﬂ{im -&ﬁmﬁjﬁﬁjﬁrﬁ]% ! Please wait while Setup installs KAYA Instruments Vision Point on your computer. @
HhEISEE AT AT IR ENE o BHIR LIRENRE
= ﬁgﬂﬁﬁ%giﬁg%ﬁc‘ = ® Extracting fles...
L

EipE, FREE T -

= =

Figure 3-8

8) Click "Finish" to proceed to the next step;

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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IR R WP RS

LB, RT3 T L REDtE e

IE=hEFEAS #7&
s/ EbVh Instruments L. .. HECEEH

< 5@ v

Figure 3-9
9) The need to reboot the computer system after the installation is complete for the
driver to take effect;

5 Setup - KAYA Instruments Vision Point —

Completing the KAYA Instruments
Vision Point Setup Wizard

To complete the installation of KAYA Instruments Vision Point,
Setup must restart your computer, Would you like to restart
now?

{®)¥es, restart the computer now!
("I Mo, I will restart the computer later

Figure 3-10
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3.3.2. Euresys

Euresys frame grabbers require different driver installation packages for Win7/Win10
systems respectively, the following instructions take Windows 10 system as an
example.

egrabber-win10-x86 64-14.0.1.170.exe
[ egrabber-win-x86 64-14.0.1.170.exe

Figure 3-11

Operating Procedure

1) Double click on the driver to start the installation, select the path and click "Next"

to proceed to the next step;

[E Euresys eGrabber *

Destination Folder for Files
Please select the destination folder where the package should extract the
files to:

Please select the destination folder:

C:\Program Files\Euresys\eGrabberI || Browse |

EURESYS < Back : Next = - Cancel j

Figure 3-12

2) Wait for the installation to complete, and then click "OK";

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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[E Euresys eGrabber b4
Unpacking Files
Please wait while the package files are being extracted onto your
computer...
Extracting flare,s...
ELURESYE = Back Next >
Figure 3-13
Euresys eGrabber *

o Euresys eGrabber 14.0.1.170 was successfully installed.

Press OK to exit.

Figure 3-14

3.3.3. Matrox

Mytronica U118 only supports Windows 10 system and cannot be installed in Win10
Home Edition, we recommend using Win10 Professional Edition. The following
operation instructions take Windows 10 system as an example.

Overall installation sequence:

1) mixv2102x64 _fic.exe

2) MLiteXSP5B728EAXx64

3) MXU118B11EAX64_Signed_with_Expiry

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826
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Operating Procedure

1) Double click the corresponding driver to start the installation, select the installation
path, click "Install" for the next step;

o WinRAR self-extracting archive - b4

o Press Install button to start extraction.

» Use Browse button to select the destination folder
from the folders tree. It can be also entered

manually.

+ [f the destination folder does not exist, it will be
created antomatically before extraction.

Destination folder
|D:\Mat’ox v|E Browse... |

Instalation progress

Figure 3-15

2) Wait for Install to complete, click OK as shown in the picture to proceed to the next

step;
Bl File Integrity Checker ke 4
Setup
ID:\Hatrox\HILﬁérSetup. exe Browse |
HDS ol File Integrity Checker b4

|D PMatr o Success, MIL setup will now be launched. M

Open Log |
atart U

ARERRRAREARNRRRRRRARRRANNARTARTARRARTARNNR] 100s [1040804

Figure 3-16

3) Select Matrox Rapixo CXP and click "Next" to wait for the installation to complete;
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Matrox Imaging - InstallShield Wizard *

Select the feature(s) that you want to add.

Matrox Imaging Library components.
MIL for \NET and Scripting
[ pirectshow
[ pistributed MIL
[ industrial and Robot Communication
Intellicam

Resources needed for training a Classification CNM context (750 ME)

Boards

[ Matrox Clarity UHD 0MB
[ Matrox Indio 0MB
[ Matrox Iris GTR 0MB
[]Matrox Maorphis 0MB
[|Matrox Radient eV-CXP 0OMB
[[]Matrox Radient eV-CL 0MB

CXP

[[Matrox Solios 0OMB
[1Matrox 4Sight 0MB
[ |Matrox Concord PoE 0MB
D GigE Vision 0MB
] USE3 Vision 0ME
[]GenTL Consumer 0OMB

Figure 3-17

4) Select U118 for installation and open the frame grabber software to update the
firmware after completion, and restart the computer;

MLiteXSPSB728EAxS4.exe
MXU118B11EAxB4 Signed_with_Expiry.exe
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] Matrox Imaging Library == Control Center — X

Matrox Imaging Library >

Control Center

Quick Start Folders

» Matrox Example Launcher . ML

® ML Help ® ML examples

® ML Release Hotes * ML images

® Matrox Vision Aecademy * MIL predefined Contents
General Tools Processing Tools

o MOLConfig ® MOL CoFilat

& Matrox Intellicam

® License manazement

* Matrox Frofiler

® Matrox Capture hssistant (legacy)

® Firmware Updater

Figure 3-18

&' MIL Early Access Build

| . This Early Access version of MIL will expire on

L' 5at Oct B 08:38:30 2022
Do you want to be reminded today?

Figure 3-19

3.4. Software Installation

The camera software SamplePro is included on a USB stick, it is a green version of
the software, decompress and use it directly without installation.

For software features and operating instructions, please refer to Chapter 5.

Note:

1) When you start SamplePro for the first time, run it as administrator (right-click and
select "Run as administrator" in the pop-up menu);
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2) Opening the frame grabber software and Samplepro software at the same time
will cause the software to fail to recognize the camera;

3) When the camera works normally, it flashes green, and when it is abnormal, it
flashes red.

4) If there is “NO Camera” tips , please try the below steps:

(1) Check if the order of the camera and frame grabber connection matches;
(2) Reinstall the frame grabber driver;

(3) Reboot the computer;

(4) Confirm the computer system version, some frame grabbers only support
Windows 10 system.

3.5.Connecting the Water Cooler

1) Loosen the 2*M3 screws shown below to remove the water cooling pipe

protection cover.
-

Figure 3-20 Figure 3-21

2) Press the round handle on the left side of the water hose connector to the state
shown below, then connect to the camera water hose connector, and hear a
crunching sound is a successful connection. At the end of use, also press the

left-hand side of the round handle to remove the water pipe.
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Figure 3-24
Water temperature and flow rate recommendations
1) Minimum water flow: 1L/Min;

2) Recommended water temperature 15~20°C, water temperature too low will lead
to fogging, which may lead to chip damage;

The water temperature of the water cooler needs to be selected according to the
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temperature and humidity of the actual environment, you can refer to the table of
temperature and humidity corresponding to the dew point, as shown below. The
recommended water temperature should be higher than the dew temperature value in
the table, such as when the ambient temperature is 25°C and the relative humidity is
70%, then the water temperature should not be lower than 19°C.
Humidity
20% 30% 40% 50% 60% 70%

12 1.9 4.5 6.7 8.7 10.4
13 2.8 54 7.7 9.6 11.4
14 3.7 6.4 8.6 10.6 12.4
15 1.5 4.7 7.3 9.6 11.6 13.4
% 16 24 5.6 8.2 10.5 12.6 14.4
g_ 17 3.3 6.5 9.2 11.5 13.5 15.3
E 18 4.2 7.4 101 12.4 14.5 16.3
19 1.0 5.1 8.4 11.1 13.4 16.4 18.3
20 1.9 6.0 9.3 12.0 14.4 16.4 18.3
21 2.8 6.9 10.2 12.9 15.3 17.4 19.3
22 3.6 7.8 11.0 13.9 16.3 18.4 20.3
23 4.5 8.7 12.0 14.8 17.2 19.4 21.3
24 54 9.6 12.9 15.8 18.2 20.3 22.3
25 10.5 6.2 10.5 13.9 16.7 19.1 21.3 23.2
26 [ 1.3 7.1 11.4 14.8 17.6 201 22.3 24.2
27 121 8.0 12.3 15.7 18.6 211 23.3 25.2
28 3.0 8.8 13.2 16.6 19.5 22.0 24.2 26.2
29 3.8 9.7 14.0 17.5 204 23.0 25.2 27.2

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826

29



Camera Technology
Focused on Scientific Imaging

and Challenging Inspection www.tucsen.com

4. Camera Features

This chapter will introduce the main functional modules of the camera, the test images
of the camera, how to update the operation of the firmware version of the camera, etc.

4.1.Operation Mode and TDI Stages

Dhyana 9KTDI has two different modes of operation: Area and TDI.

If the "Operation Mode" parameter is set to "Area", the camera will operate as a
surface array camera using a two-dimensional pixel array. Using the surface array
mode makes it easier for the camera to focus. If the "Operation Mode" parameter is
set to "TDI", the camera will operate as a high-sensitivity line scan camera and
provide 256 times more sensitivity than existing line scan cameras.

The "TDI Stages" parameter is used to determine the height of the Dhyana 9KTDI in
the Area mode. By setting the "Operation Mode" to "Area" and setting the "TDI
Stages" parameter to 256, the camera will acquire an image with a resolution of 9072
x 256. images.In TDI mode, the "TDI Stages" parameter is used to determine the
number of integrations used by the imager. For example, if the "TDI Stages"
parameter is set to 256, the camera will acquire images at a high sensitivity of 256

times.

4.2.Scan Direction

In TDI mode, the "Scan Direction" is used to set the scanning direction of the Dhyana
9KTDI. Forward is the defualt, the directions are shown in Figure 4-1. Users can
adjust the camera's mounting direction according to the usage environment. The
camera can support three types of direction control.
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Bottoms

Figure 4-1

1) Forward: The subject will pass from the bottom of the camera to the top of the

camera;

2) Reverse: The subject is to pass from the top of the camera to the bottom of the

camera;

3) Lineln1: the scan direction is controlled by an external trigger signal (low =
forward, high = reverse);

Note:

1) In the area mode, you can acquire a vertically flipped image when the "Scan

Direction" is "Reverse";

2) The trigger signal that controls the scanning direction is connected to Pin2 of the
trigger port, please refer to Figure 2-3 for specific information;

4.3.Pixel Format

You can set the "Pixel Format" to determine the format of the image data output from
the camera.

1) Mono8 sets the pixel format to 8-bit;
2) Mono10 sets the pixel format to 10 bits;
3) Mono12 sets the pixel format to 12-bit;

Note: When Mono10 and Mono12 are selected, the images are displayed in 16 bits
(high complementary zero).
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4.4.Horizontal Flipped

Use "Reverse X" to get a horizontal flipped image, and this function can be used for
both TDI and Area modes.

Dhyana 9KTDI

Figure 4-2 Original image

1ATAC snsyild

Figure 4-3 “Reverse X” image

4.5.Region of Interest(ROI)

In imaging applications, a ROI (Region of interest) is defined as a sub-region of
interest within the resolution range of the camera sensor, and only images within this
ROI are read out. During operation, only the pixel information of the specified area is
read from the sensor and transferred from the camera to the frame grabber.

The ROI points to the left end of the sensor array. The position and size of the ROl is
defined by setting the "Offset X" and "Width" settings. For example, if the Offset X
parameter is set to 99 and the Width parameter is set to 256, the camera will read and
transmit pixel values from 100 to 355 pixels. The ROl is set by default to use the full
resolution of the camera's imaging sensor. You can set the size and position of the
ROI by changing the values of the parameters "Offset X" and "Width".

Note:

1) The sum of the "Offset X" and "Width" parameter values must not exceed the
width of the camera's imaging sensor;

2) The value of the "Offset X" setting can be set to 0 and an integer multiple of 16.
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The "Width" setting must be at least 256 and an integer multiple of 16;

3) The CXP image frame grabber may have other restrictions on ROI location and
size. Please consult the user manual of the CXP frame grabber you are using for
more information;

4.6.Binning

"Binning" is an image readout mode in which neighboring pixels are combined and
read out in a one-pixel. The binning increases the sensitivity and frame rate, but also
reduces the resolution of the image.

The Dhyana 9KTD implements the binning function through FPGA. Horizontal Binning
supports x1, x2, X4, X8, and Vertical Binning supports x1, X2, X4, X8. When set to x2
Binning, the resolution of the camera output image is reduced by half, and the gray
value of the image is doubled.

4.7.Gain & Black Level

The "Gain" parameter changes the slope of the Dhyana 9KTDI's light response curve,
thereby enhancing or diminishing the grayscale value of the camera's output image.

When it is impossible to see the subject under weak signal conditions, you can
increase the "Gain" parameter value to see the details of the dark part; when the
output image is too bright in a scene with strong signal, you can avoid overexposure
by lowering the "Gain" value.

The two gain modes are shown below:
1) AnalogGain: Analog Gain , supports 2 to 8 switching, in steps of 0.5;
2) DigitalGain: Digital gain, supports switching to 0.5~10, in steps of 1;

3) BlackLevel: The black level, which increases or decreases the grayscale value of
the background. 8-bit background gray value: 6,10-bit background gray value:
25,12-bit background gray value: 100;
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4.8.Lookup table (LUT)

The Lookup Table (LUT) transformation is a basic image processing function that
highlights details and contains important information. These functions include

histogram equalization, gamma correction, logarithmic correction, and exponential

correction.The grayscale values of the output image will be mapped one-to-one with

the grayscale values of the original image.Users can set the corresponding value

according to the application situation.

[

‘Original image data

]

Output image data

.
4 DeviceMaintenance

===

[FPea| LUT |xmL |sn |

3071

2047

1023

1023 2047

INPUT
4085

3071

Gamma:

0.8

Default

Save File

Load File

Download

JELL

UplLoad

Figure 4-4. LUT at Gamma=0.8

4.9.Dark Field Correction (DSNU)

The Dhyana 9KTDI provides DSNU correction function and storage of DSNU

correction values.

When the camera acquires images in complete darkness, in an ideal image, all pixel

grayscale values should be close to zero and should be equal. However, in practice,
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when the camera shoots in the dark, a slight difference in the performance of each
pixel in the sensor will cause some change in the pixel grayscale value output from
the camera. This variation is called dark signal non-uniformity(DSNU) .

4 GLT5009BS1-B41V_22102 5  12bit-single_dark_reverse_TDI256_single_32bit 3288_1201.0_2201 2 a - O
9288¢1201 pixels; 32-hit; 43WB

& Plot of GLT5009BS1-B4LV_22102F0 0003 X000Y000_12bit-single dark reverse TDI256 single 32bit 9288 1201 0 2201 239,01 - o X
9561.07x18.28 (1566x355); 8-bit, 543K

I I I I I
] 1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance (pixsIs)

Figure 4-5. dark field gray value without corrected

L L L L L L L
o 1000 2000 3000 1000 5000 5000 Ta00 8000 9000
Distance (pixels)

Figure 4-6. dark field gray value with corrected

4.10. Bright field correction (PRNU)

Dhyana 9KTDI provides PRNU correction function and storage of PRNU correction

values.

When the camera shoots uniform, light-colored targets in bright light, all pixel gray
values should be close to the maximum gray value and equal in an ideal image.
However, in practice, there are subtle differences in the performance of the pixel in the
camera, so that changes in the lens or illumination will cause changes in the
grayscale values of the pixels output from the camera. This variation is called light
response heterogeneity (PRNU).
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L L
4000 5000

List | save | mores | Live | xest60, r@)-to07.8

Figure 4-8. bright field gray value with correct

4.11. Digital 1/O Control

When a source signal needs to be supplied to an external device, the Dhyana 9KTDI
can output a pulse signal through the control I/O socket. You can select the trigger
output gear through "Strobe Mode", including On, Timed, Pulse Width; You can also
flip the high and low levels of the output signal, set the output signal delay time and
the high output signal time (effective at Timed).

4.12. Test patterns

To check the status of the camera, the Dhyana 9KTDI can output a test pattern
created internally. There are three types of test modes:

® Grey Horizontal Ramp: the preview is a static grayscale gradient in the horizontal
direction.
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Figure 4-9 Horizontal grayscale gradient test pattern

e Grey Diagonal Ramp: preview as a static grayscale gradient in the horizontal
diagonal direction.

.

Figure 4-10 Horizontal grayscale diagonal gradient test pattern

® Grey Diagonal Ramp Moving: preview as a grayscale gradient map of the
movement in the horizontal diagonal diagonal direction.

7

7

Figure 4-11 Horizontal grayscale diagonal moving gradient test pattern
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4.13. Firmware update

Dhyana 9KTDI camera can use The "UpdateTool" software enables online firmware

upgrades.

4 UpdateTool et

FPGA LUT XML REG

File Path | |‘ I

Y |

Figure 4-12 Update Tool interface

Prepare materials:

UpdateTool software;

Firmware file, .bin format;

Procedure:

1) Double-click to run the UpdateTool tool, and the interface is shown in Figure 4-12;
2) Select the firmware file path;

3) Click the "Update" button and wait for the update completed;

4) After the update is completed, restart the camera after the power is turned off, and

the new firmware takes effect;
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5. Camera software description

SamplePro is the camera's control software, through which users can set, preview

and acquire camera parameters.

Double-click SamplePro to open the camera software, the software opening interface
is shown as Figure 5-1, wait for the loading to complete, the function will be displayed

on the left side of the screen;

& Sompierrs

Figure 5-1 Startup Interface
Note:

Please run the SamplePro as administrator;

5.1.Compositions

The main interface of SamplePro consists of "Preview", "Window Control", "Image
Capture", "Parameters" and "Image Adjustment", as shown in Figure 5-2.

This section briefly describes the functionality of each window.
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Figure 5-2 Compositions

5.1.1.Preview

The preview window displays live camera images under the stream module. The
preview window supports real-time zooming, so users can zoom in and out of the
preview window with the mouse wheel according to their actual needs.

The bottom left corner of the preview window displays the grayscale value of the
image element where the mouse position is located, the coordinates and the image
resolution size according to the mouse in the live screen, as shown in Figure 5-3.

Gray Yalue:868

180%6.2:4315,Y:0120
Size9072x256

Figure 5-3

5.1.2.Window Control

The functions of window Control are common to minimize, maximize and close
windows.
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5.1.3.Image Capture

The Image Capture module is the basic functions of the camera. Users can choose
different image formats for capturing images and customizing the duration of video
recording according to their needs, which will be saved in the img folder under the root
directory of the software by default.

5.1.4.Parameters

The main functions and parameters of the camera are expanded under this module,
and the camera's output mode is controlled here. The user can use the corresponding
function module according to their needs.

5.1.5.Image adjustment

Default |

—Basic
Auto
Levell | o
B r
LevelR J 4095 N
| i
Gamma Ll 1.00
|
Contrast o 128
sharpness : 0
—Defect Pixel Correction
[ off [T Low [T Medium [T High

Figure 5-4

In the image adjustment interface, users can adjust the image gamma value, contrast
value, and set the left and right color gradation to achieve the desired image effect
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according to the difference between the real-time preview effect and the actual
sample.

5.2.Image capture
This section introduces the functions of the image capture module in detail, including
the operation steps of some functions;

As shown in Figure 5-5, the image capture module supports the basic image shooting
and recording functions of the camera.

-Image
3540,3 MBJs|

799.21 fps

ki Transfer

Rate
Path: |C:‘4Jsers‘npc‘nDesktopHmage\,

Image Mame: ITS T rRAW [ TIF
Total Frames: il ﬁ

—Record

Record | Setup |

Figure 5-5 Image Capture
1) Capture: Click the button to cature the image;

2) Transfer rate: Displays the camera's transfer and frame rate, updated in real

time;

3) Path: Set the default save path for images and videos,click D to modify the
path;
4) Image Name: Defualt name, support for customization;

5) RAWITIF: Image format, RAW and TIF formats are supported, default is TIF,
support simultaneous check;

6) Total Frames: Set the number of capturing images, the defualt is 1;

7) Record: Start of recording;
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8) Stop Record: Stopping of recording;

9) Setup: Video compression format selection, only supports Full Frame (No

compression) lossless compression.

5.3.Parameters

This function module contains all the setting parameter interfaces of the camera and
the Frame Grabber, and the preview switch of the camera is also reflected in this
module. "Device Properties" is the camera parameter setting module, and "Steam
Properties" is the Frame Grabber parameter setting module.

Live I |4 Counter:0

—GeniCam

Device Properties i Stream Properties I |Guru v!

Froperty |Value

DeviceControl

ImageFormatControl
AcguisitionControl
AnalogControl
LUTControl
DigitalTOControl
CoolControl

DEET

PREN
CorrectionControl
TestControl
TransportLaverControl
UserSetControl

HEHNHEHHEHEHEHEEEEBE

Figure 5-6
1) Live/Stop: Camera preview switching window, when "Live" is displayed, the
camera is connected normally, but the preview is not turned on, when "Stop" is
displayed, it means that the camera is connected normally and the preview has
been turned on;

2) Numeric value:The value box next to Live/Stop indicates the number of buffer
areas for memory allocation, the larger the value, the less frame will be lost when
saving the image, but the software runs slower; The smaller the value, frame
drops may occur at high rates, but the software runs smoothly. It is recommended
that the value of high frame rate be set to large when saving the image, and set
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the value to 4 when not saving the image preview.

Note: The SamplePro memory allocation setting for Matrox frame grabbers is limited to
a maximum of 14 for 8bit and 7 for 10/12bit at full resolution, so the frame rate is

limited.

3) Counter:Displays the number of camera shots. Note: It means the number of
camera shots simplely.

5.3.1.Device Control

Used to display camera parameter information settings and display, including basic
information (read-only), UserlD settings, camera reset, Device and Sensor
temperature display, timestamp display, reset, etc. This is shown in Figure 5-7.

Device Scan Type: Include “Linescan” and “Areascan”;

Linescan: The camera outputs data using the CXP protocol of line scanning. The
computer receives 1 line of image and generates an interrupt signal, so that the
frequency of interrupt is very high, and the resource occupation of CPU is high.
The interrupt response frequency can be reduced by setting the Buffer of Frame
Grabber. The larger the Buffer is set, the lower the interrupt frequency and the
less likely to lose frames, but the more memory is needed.

Areascan: The camera outputs data using the CXP protocol of area scanning.
The computer receives Hight line image and generates an interrupt signal.
Therefore, in Areascan mode, the interrupt response frequency can be reduced
by setting the Height of the camera. The larger the Height, the lower the interrupt
frequency, the less likely to lose frames, but the more memory space is needed;

Note:

Whether it is "Linescan" or "Areascan" mode, there is only a difference in the
packing format of the image when it is transmitted through CXP, and there is no
difference in the captured image. Compared with Linescan mode, Areascan
mode doesn't need to transmit image resolution and other parameter information
in every line, so the effective bandwidth will be increased, and it can support
higher trigger frequency under the same resolution.
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B DeviceControl

DeviceScanType Linescan
DeviceVendorHame Tucsen
DevicelodelWame CAM-TSREE-HE0S
DeviceMarmfacturer. .. Tuczen CXF Camera
DeviceVersion 280423042000
DeviceSerialHumber RESI0MAZ1015
DevicellzerID 1}
DeviceSFNCVersionM. .. 2
DeviceSFHCVersiondl. .. O
DeviceSFHCVer=ions. .. O

DeviceMani festEntr. .. 0

DeviceMani FestIIIM. .. 1

DeviceMani festOIM. .. O

DevicelMani festiMIS. . 4

DeviceMani festSche. . 1
DeviceManifestSche. .. O

DeviceMani festPrim. ..

Local :TDL. zip; 200, ..

DeviceTLType Coa X Fress

DevicaTLVersionMajor 1

DeviceTLVersioMiner 1

DeviceTLVersionSub. .. O

DevicelinkSelector 0

DevicalinkSpaed 0. 000000

DeviceLinkThroughp. .. 0.000000 =

DevicelinkCommandT. . . 0.000000

DeviceRezet DeviceReset

DevicelndicatorMode hetive

DevicaTemperature 31. 878000

SensorTemperature 9. 186525

Timestamp 114713455560

TimestampIlnerement 3

TimestampRezat TimestampReszet |

TimestampRezetValue 0

TimestampLatch TimestampLatch |;I
Figure 5-7

DeviceUserlD: User-defined input editing;

DeviceReset: Device reset button, click to restart the camera online, and restore the
default configuration parameters of the camera;

DeviceTemperature: Display the camera's real-time temperature (read-only);

SensorTemperature: Display Sensor's real-time temperature (read-only);

5.3.2.Image Format Control

The camera's image width, offset, horizontal Binning, horizontal mirroring, bit depth,
test pattern, scan direction, and TDI stages adjustment modules.
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El ImageFormatControl]
SenzorWidth a0vE
SensorHelght 1
WidthMax Q07e
Hei ghtMax 1
Width Q0ve
Height 1
NffzetX 0
Nffzetf 0
BirmingHorizontal X1
Birming¥ertical X1
BirmingTvpe By
ReverselX F“-
PixelFormat Mono S
TestPattern 0ff
Seanlirection Forward
TDIStagesFl 2b6

Figure 5-8

SensorWidth: Displayed the width information of the camera sensor;
SensorHight: Displayed the hight information of the camera sensor;
WidthMax: The maximum width that the camera can set;

HeightMax: The maximum height that the camera can set;

Width: Image horizontal width setting, allowable input range: 256-9072, minimum

n»

step 16. The maximum value after Binning will change, please refer to "WidthMax."”,

Height: Image height setting, not settable under Linescan fixed to 1. The vertical
resolution of the actual image is Height*BufferHeight; Areascan can be set;

OffsetX: Image horizontal start point selection, Offset+Width<9072, minimum input O,
step 16;

OffsetY: The vertical start position of the image, that is, how many lines the image
starts to output, for example, OffsetY=256 means that the first 256 signal filtering of
the scan does not count the data, the input range is 0~32768, step 1, only the TDI
mode setting takes effect;

BinningHorizotal: Horizontal Binning, support X1, X2, X4, X8 mode, the resolution is
reduced after binning, you can select the image output is Sum or Avr through
"BinningType";

BinningVertical: Vertical binning, support X1, X2, X4, X8, the resolution is reduced
after binning, and the image output can be selected as Sum or Avr through
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"BinningType";
BinningType: Binning type switching, support Sum and Avr, Sum is to sum several

rows or columns of Binning pixels as the output of Binning pixels; Avr means averages
rows or columns of pixels as the output of Binning pixels;

ReverseX: The image is flipped horizontally;

PixelFormat: Bit depth switching, supporting 8bit, 10bit and 12bit. When 8bit is
selected, the image output bit depth is 8bit, and when 10bit and 12bit are selected, the
picture output bit depth is 16bit;

TestPattern: Test mode, support "horizontal grayscale gradient" see Figure 4-5,
"horizontal grayscale bevel gradient" see Figure 4-6, "horizontal grayscale bevel
movement gradient" see Figure 4-7, 8/10/12bit respectively set the image height to
256/1024/4096 to open the normal test mode;

ScanDirection: Select the camera line sweep square, support Forward, Reverse,
Lineln (external trigger control); Users can switch according to the actual usage
scenario to match the line sweeping direction;

TDIStagesP1: TDI stage P1 array switching, support 4, 8, 16, 32, 64, 96, 128, 160,
192, 124, 240, 248, 252, 256 stages, in TDI mode, under the same illumination, the
larger the TDI stage, the longer the integration time, the greater the image brightness.
TDI stage P1 array switching, support 4, 8, 16, 32, 64, 96, 128, 160, 192, 124, 240,
248, 252, 256 stages, TDI mode, under the same illumination, the larger the TDI stage,
the longer the integration time, the greater the image brightness.

Note:

1) Only when the preview is stopped, you can set Width, OffsetX, bit depth, Binning
switching;

2) Set Width, OffsetX must be a multiple of 16, if the setting is wrong, the software
will automatically return to the last set correct value;

5.3.3.Acquisition Control

This module is used to control the camera's motion mode, line frequency setting,
external trigger mode, trigger readjustment, drawing mode selection, trigger statistics
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display, etc., and the setting interface is shown in Figure 5-9.

Bl AcquisitionControl

hoquisitiorMode Continuous
hoquisitionStart AoquisitionStart
hogquisitionStop hoquisitionStop
hoquisitiorlineRate 300000, 000000
TriggerZelector Line Start
TrigzerModa 0ff

TriggerSource Line In 0
Triggerhotivation Rising Edge
TriggerBurrFilter 126
TriggerRescalerMode  Off
TriggerRescalerRate 0. 010000
TriggerRescalerFilter 16

OperationMode TIT

ExposureTima 1. 000000

IriggerStatisties
Figure 5-9
AcquisitionStart: In stream mode, the scan start button;
AcquisitionStop: In stream mode, the scan pause button;

AcugisitionLineRate: line frequency settings, TDI mode set effective, Area mode
does not support the input, line frequency and exposure time conversion relationship
is as follows, exposure time = TDI stage / line frequency (seconds), the maximum
exposure time 256ms;

TriggerMode: Trigger mode switch, start trigger mode in the On state. In TDI mode, a
pulse triggers a line of data, and in Area mode, a pulse triggers a frame of image, the
height of which is determined by TDIStagesP1;

TriggerSource: Trigger channel selection, supports two trigger methods: Line In0
external trigger and CXPin frame grabber trigger ; Line In0 (recommended), the
trigger source through the Hirose line connected to the camera trigger port to trigger;
CXPin, the trigger source through the frame grabber trigger line connected to the
frame grabber to trigger:.;

TriggerActivation: rigger type selection, supporting rising edge, falling edge and
double edge triggering (doubling the trigger frequency);

TriggerBurrFilter: If the trigger filter is set to a larger value than the width of the
trigger pulse, then the pulse will be filtered out and no trigger will occur, unit ns, can
input 32~100000000 default 128, such as external trigger frequency 256kHz, duty
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cycle 50%, BurrFiter setting does not exceed 1s+256000%50%=1,953.125ns can be
triggered normally;

TriggerRescalerMode:Trigger retuning mode, which amplifies or reduces the
frequency of the external trigger signal.;

TriggerRescalerRate: Trigger rescaler coefficient, set the rescaler coefficient to
adjust the external trigger signal frequency, can input 0.01~100;

TriggerRescalerFilter: Trigger retune filter coefficient, reduce the external trigger
signal jitter after trigger retune, the larger the value, the more stable the frequency
after retune, can choose to switch 16, 32, 64, 128, 256, 512.;

OperationMode: Operation mode selection, support TDI and Area mode, Area mode
is recommended for focusing fixed object distance of still images;

ExposureTime: exposure time adjustment in the Area mode, can be entered from 1
to 10000ms;

TirggerStatistics: The statistical function module is triggered, and the function
interface is shown in Figure 5-10;

B [TriggerStatistics
InputTrigzerRate &, BE30T0
InputTrigzerRat. .. & 633070
InputTrigzerJitter 0.000000
InputTrigzerlur. .. 0. 005944
RescaledTrigzer. .. & 633070
RescaledTrigzer. .. 0.000000
ExTriggerHum GZ440093
FxLineHum G2440095

Figure 5-10 Trigger the statistics function module

InputTriggerRate: Displays the frequency Hz of the trigger input;
InputTriggerRateHighest: Displays the maximum frequency Hz of the trigger input.;

InputTriggerditter: Shows the % jitter of the trigger input signal, the smaller the value,
the better the signal quality;

InputTriggerDuration: Shows the time us when the trigger input signal is high;
RescaledTriggerRate: Shows the signal jitter % after trigger input retuning;
RescaledTriggerJitter: Shows the signal jitter % after trigger input returning;

RxTriggerNum: Input statistics of the number of trigger pulses;
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RxLineNum: Statistics of the number of trigger pulses received;

5.3.4. Digital 10 Control

This module is used to set the camera's external trigger output function, and the
function interface is shown in Figure 5-11.

B Digital IDControl
StrobeMode nff
Strobelnverter [
Strobelutlal av 0. 000000
Strobeluration 10. 000000
Figure 5-11

StrobeMode: Trigger output gear selection, supporting Off/On/Timed/PulseWidth;
Strobelnverter: Output signal high and low level flipping;
StrobeOutDelay: Output signal delay time ps;

StrobeDuration:High level output signal time ps (effective under Timed);

5.3.5.Analog Control

This function block is used to set the camera's analog and digital gain, as well as
black level adjustment, as shown in Figure 5-12.

B AnalogControl
fdnalogFain a
DigitalGain 1. Qoooao
BlackLevel 0. 000000
Figure 5-12

AnalogGain: Analog gain, supporting 2 to 8 switching, in steps of 0.5;
DigitalGain: Digital gain, support 0.5~10 switching,in steps of 1;

BlackLevel: Black level, increase or decrease the gray value of the image, adjustable
-255~255, 10bit and 12bit proportional conversion;
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5.3.6.LUTControl

This module is used to set the LUT function, and the setting interface is shown in

Figure 5-13
B LUTControl
LTS el ector Luminance
LUTEnabl= r
LITIndex 1
LITV¥alue 0
LTS ave LTS ave
LUTLoad LUTLoad
Figure 5-13

LUTEnable: LUT control switch, not enabled by default;

LUTIndex: INPUT value, which is automatically loaded with the output value

corresponding to the applied curve after input, in the range 0 to 4095;

LUTValue: OUTPUT value, loaded according to the input LUTIndex value, can be

manually modified and saved, range 0 to 4095;

LUTSave: Saving of the modified curve.;

LUTLoad: Loading of LUT curves written by the application;

Note:

Before using the LUT function, users need to open the UpdateTool software to write
LUT configuration according to actual use.

LUT settings on UpdateTool
The software operation interface is shown in Figure 5-14.

Gamma: The corresponding INPUT-OUPUT curve is adjustable after inputting the

value;
Apply: Applies the current call to the LUT curve;
Default: Restores the state of the LUT curve when the default is Gamma=1;

Save File: Saves the current LUT curve to the specified file path;
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Load File: Loads the saved LUT curve file;
DownLoad: Configuration of the currently applied LUT curve into the camera;

UpLoad: Loading and reading the applied LUT curve from the camera (the LUT curve
needs to be saved in SamplePro before it can be loaded and read);

4 DeviceMaintenance x

3071
Apply
. Save File
1023 Load File
D-::!fnlnloa!d
0g 1023 2047 3071 4095 tplond |
Figure 5-14

the procedure of The LUT configuration writing

1) Open the "UpdateTool" tool and select the "LUT" interface as shown;

w N

)

) At first enter the required Gamma value;

) Click Apply to apply the currently selected curve;
)

N

Click DownLoad to configure the curve into the camera.

5.3.7. Cool Control

For setting the camera's cooling function, the setting interface is shown in Figure 5-15.
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E CoolControl
Fanlperati orMode On
FanlitvFactor [=11]
FanSpeed 0. aooaoo
TECOperationMode On
TECIutyFactor 100
CoolOperationTempe. .. 10
Figure 5-15

FanOperationMode: Fan mode gear, Off (fan off), On (fan on), Temperature
(thermostat mode).

FanDutyFactor: Fan speed gear, adjustable from 20 to 100%;

TECOperationMode: TEC mode, Off (fan off), On (fan on), Temperature (thermostat
mode);

TECDutyFactor: TEC power level, adjustable from 0 to 100%;

CoolOperationTemperature: Cooling target temperature, adjustable range -30~50°C,
default 10°C;

Note:
1) The target of temperature control is the sensor temperature;

2) When the sensor temperature exceeds 75°C, the TEC will be forced to shut down
and the fan will run at 100%; when the cooling is resumed to below 75C, if the
user selects the "Temperature" mode, it will be switched to the "Temperature"
mode, and in other modes, the fan will continue to run at 100% and the TEC will
continue to be shut down until the parameters are reset;

3) When "Temperature" mode is set, the settings of "FanDutyFactor" and
"TECDutyFactor" are invalid;

5.3.8.DSNU

DSNU is used to calibrate the camera's darkfield heterogeneity, and the setup interface is shown in

Figure 5-16.
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El DSEU
DEHUMo de Nff
DEHUGeneratenll DEMGeneratenll
DEHUGenerate DENiGenerate
DEHSave DEHIS ave
DS Load DSHLoad

Figure 5-16

DSNUMode: DSNU correction enable switch, Off position turns off DSNU, ON
position turns on DSNU;

DSNUGenerateAll: Camera short exposure time in a dark field without light
environment, click to do online DSNU correction in analog gain mode;

DSNUGenerate: Camera short exposure time in dark field without light environment,
click to do online DSNU correction in the current analog gain mode ;

DSNUSave: Saves the current DSNU results to memory, and next time the saved
DSNU data can be loaded directly from memory for use;

DSNULoad: Loading the saved DSNU data from memory;

Procedure of DSNU :

1) Set the camera parameters actually;

)

2) The camera is placed in darkfield and no light conditions;

3) Turn on Camera preview;

4) Click "DSNUGenerateAll" to perform DSNU correction for all analog gain modes
and automatically save the calibration results; Or click "DSNUGenerate" to
perform DSNU calibration on the currently set gain mode, you need to click
"DSNUSave" to save the result, otherwise the calibration data will be lost after the
power failure;

Note:

1) DSNU should be performed in darkfield and no light conditions;

2) The background data is different under different line rates, different TDI stages,
and different temperatures, and needs to be re-calibrated;

3) If DSNUGenerate is selected, the DSNU calibration needs to be re-performed
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when switching gain modes;

5.3.9.PRNU
The PRNU calibration module is shown in Figure 5-17.
£ FPREU

PEMMode 0ff
PEMUSelector FEHU O
TargetLevel A1TO [v
FENITar zetleval 00
PEHUiGenerate PENUizener ate
PENISave PENISave
PEMULoad PENULoad
FENUFactorvRezet PENUFactoryReszet

Figure 5-17
PRNUMode: PRNU correction enable switch, Off position turns off PRNU, ON

position turns on PRNU;

PRNUSelector: Select the location where PRNU data is saved, supporting a total of 5
groups of data from PRNUO to PRNU4;

TargetLevelAUTO: Automatic PRNU mode (the system automatically calculates the
average value of the current image brightness), after checking enable, click
PRNUGenerate in bright field uniform light, automatically generate PRNU;

PRNUTargetLevel: Manual PRNU mode, uncheck the automatic PRNU mode, by
setting the PRNU gray value, adjust the bright field uniform light brightness to the set
gray value, click PRNUGenerate, automatically generate PRNU correction data;
(example: set PRNUTargetLevel to 128, then you need to adjust the bright field
uniform light to (Example: if PRNUTargetLevel is set to 128, the bright field uniform
light should be adjusted to roughly half-saturated state, and then one click online
PRNU correction);

PRNUGenerate: Click to do online PRNU correction;

PRNUSave: Saves the current PRNU results to the selected PRNUO to PRNU4;
PRNULoad: Loading the saved PRNU data from the selected PRNUO to PRNU4;
PRNUFactoryReset: Restore the selected PRNUO~PRNU4 to factory backup

parameters;
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Procedure of PRNU :
1) PRNU enabled;
2) Use PRUNSelector to select which group to save the parameters;

3) To set the Target, you can choose either automatically or manually. The manually
set grayscale value should match the grayscale of the actual light source, that is,
the grayscale of the actual uniform light environment is 100, and the target should
be set to 100;

4) Click "PRNUGenerate" to perform PRNU correction, the preview screen will flicker
during the correction process, and when the preview screen is stable, it means
that the correction is complete;

5) Click "PRUNSave" to save the correction results to the group selected by
"PRUNSelector";

Note:

1) PRNU correction needs to be done after DSUN correction;

)
2) This needs to be done in preview mode;
3) Correction should be performed in a brightfield uniform brightness environment;
4) PRNU does not take effect in Gain mode;

5.3.10. CorrectionControl

The Correction module is shown in Figure 5-18

Bl CorrectionControl

Startid 1

Endy [0ve

DSHICoef 1. Qo0oaa

DSHCoefSet | D5HUCoefSet |

FEHICoef 1. Qo0oaa

FENICoefSet | PRHUCoefSet |
Figure 5-18

StartX: Selects the X coordinate of the starting pixel and can be entered in the range
1to 9072;
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EndX: elects the X coordinate of an ending pixel, which can be entered in the range 1
to 9072;

DSNUCoef: Set an additional DSNU correction value for the selected area gray value
minus the set value (example: under DSNU, the average gray value of the image is
100, set DSNUCoef=100, then after Correction, the average gray value of the image
is 0);

DSNUCoefSet: Configuration according to the set DSNUCoef value;

PRNUCoef: Set an additional PRNU correction value, multiplying the gray value of
the selected area by the set value (example: under PRNU, the average gray value of
the image is 2000, set PRNUCoef=1.024, then after Correction, the average gray
value of the image is 2048);

PRNUCoefSet: Configuration according to the set PRNUCoef value;

Note:

1) When doing PRNUCoefSet and DSNUCoefSet, switch DSNU and PRNU to the
On gear to see the effect of CoefSet;

2) Correction parameters are not saved after the camera is powered off;

3) Corrections for multiple areas can be made;

5.3.11. CoaXPress

The CoaXPress module is shown in Figure 5-19.
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-] Transpor ELayerControl
PavloadSize 4096
ControlPacketDataSize 266
StreamPacketDataSize 8192

DevriceTapGeometry Geometry 1X 1Y
ImazgelStreanID 1
E CoaXPress

CxplinkConfigur. .. CIP12_X4
1 andi CXP1Z_ ¥4
CXPiZ_¥4 -

CXpi_¥1
CXPz_¥1
. CHP3_N1
CxpCommectionTe. .. |~ype7yy
CxpConnectionle. .. C}{PE:}{I

UserSetControl E%;ig—ﬁi
Debug CXP1_XZ
CxXP2_¥X2
CEF3_XZ2
CXPE_X2
CYF6 2
CEP10_X2
CxpLinkConfiguration |[CKF1Z_XZ
This featwre can be uzed|CHFL_X3
-:-:nnf% suratl om for t].I'LE cof CAFZ_X3

CxpLinkConfigur. ..

HpLonnecTl o [

CxpConnectionle. ..

CXP3_¥3
CXF5 X3
CYPE_X3
| CXF10_%3
—— CYP12 Y3
_ CXF1_i4
Basic CXPZ2_X4 &
CXF3 ¥4
CYPE_¥4
Levell |7|:}{P6_}{4
- CXF1D ¥4
LevelR
Figure 5-19

CrplinkConfizw. .. CIP12 X4 |OXP default startup connection selection;

Coplinkbonfizur  QEUEERL ~|: CXP mode switch, default CXP12_X4, need

to be in the live state, stream mode Stop state gray can not be switched;

5.3.12. UserSetControl

The user configuration module is shown in Figure 5-20.
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B UserSetContrel
UserSetSelector Uzser Set 1
UserSetLoad UserSetLoad
UzerSetSave UzerSetSave
UserSetDefaul t User Set 1
Figure 5-20

UserSetSelector: User set storage, providing Default, User Set1 and User Set2

configurations;

UserSetLoad: The camera loads a set of parameters selected by Default, User
Set1, User Set2;

UserSetSave: The configuration of the modified parameters is saved in the selected
User Set1, User Set2 groups;

UserSetDefault: The default set of user configurations loaded after camera reset or
power-off reboot, as shown in Figure 6-20, the default loaded setting of the User
Configuration module is User Set1, and the parameters loaded after camera reset or

power-off reboot are User Set1.

5.3.13. Steam Properties

—GeniCam

Device Properties | Stream Properties I
Property | ¥alue

HardwareInformation
DericeControl
FrameGrabberIOControl
ExtendedStreamFeatures
CameraSelector 0
HanunalCameralletection
TransportLaverControl
DeviceSerialPortControl
StatisticshndTests

B ImareFormatControl
|Se§-n:ent51"er]3u££er 51z I

Figure 5-21 KAYA Frame Grabber

[N 3

This module is used to set theframe grabber connected to the camera, and the vertical
resolution of the acquired image needs to be set at this setting. Different frame grabber
setting interfaces are different, the setting interface of the KAYA frame grabber is
shown in Figure 5-21, the interface of the Euresys frame grabber is shown in Figure

Technical Support Email: service@tucsen.com _ TEL: +86-591-28055080-818  Fax: +86-591-28055080-826

59



Camera Technology
Focused on Scientific Imaging

and Challenging Inspection www.tucsen.com

5-22, and the vertical resolution of the Matrox frame grabber is fixed at 1024 and
cannot be modified. The maximum BufferHeight can be set to 65535. When the
camera mode is set to "Area", the BufferHeight value is recommended to be set to an
integer multiple of 256.

—GeniCam
Device Properties | Stream Properties
Froperty | Yalue
StreamInformation -

ImageFormatControl

TransportLaverControl

BufferHandlingContral

EH LineScanhcquisitionControl
Start0fScanTrigger... Immediate
End0fScanTriggerSo. .. Scanlength
SecanLensth B1Z
BufferHei ght h1Z2

Figure 5-22 Euresys Frame Grabber

When the trigger mode CXPin is enabled, the setting interface and Pins definition of
the two frame grabbers are also different.

KAYA frame grabber

Tab 5-1 KAYA frame grabber pin definition

J1 Signal o Description

8 Name Standard

1 Pin 1 of this header is the positive signal and pin 2

5 Din[0] LVDS in the negative signal of this LVDS. The differential
pair is converted to a single input on the FPGA.

3 Pin 3 of this header is the positive signal and pin 4

4 Din[1] LVDS in the negative signal of this LVDS. The differential
pair is converted to a single input on the FPGA.

5 Pin 5 of this header is the positive signal and pin 6

6 Rout[0] LVDS in the negative signal of this LVDS. The differential
pair is converted to a single input on the FPGA.

7 Pin 7 of this header is the positive signal and pin 8

8 Rout[1] LVDS in the negative signal of this LVDS. The differential
pair is converted to a single input on the FPGA.

9 |io_out[0] E\?‘I-'\'I{L Optically isolated outputs

10 |io_out[1] 3.3-V Optically isolated outputs

- LVTTL
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. 3.3-V . :
11 | io_out[2] LVTTL Optically isolated outputs
12 | io_out[3] 3.3-V Optically isolated outputs
— LVTTL pucally P
. 3.3-V . . :
13 | io_in[0O] LVTTL Optically isolated inputs
. 3.3-V . . :
14 | io_in[1] LVTTL Optically isolated inputs
. 3.3-V . . :
15 |io_in[2] LVTTL Optically isolated inputs
o 3.3-V . : .
16 | io_in[3] LVTTL Optically isolated inputs
OptoCouple Ground signal for opto-isolated signals on this
17 -
d GND connector
18 | GND - Reference ground signal - Board GND

19 | gpio_vt[0] TTL
20 | gpio_vt[1] TTL
21 | gpio_vt[2] TTL
22 | gpio_Vt[3] TTL

23 | gpio[0] 3.3-V
LVTTL General Purpose |10
. 3.3-V
24 | gpio[1] LVTTL
. 3.3-V
25 | gpiof2] LVTTL
. 3.3-V
26 | gpio[3] LVTTL

Figure 5-23 KAYA Frame Grabber Interface
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@ Vision Point 2020.3, Project: <New unnamed=

Fle Device Control Stream View Window Tools Help About
AENEEE Device: {PCI 179:0:0} Komodo II CYP Frame Grabber i@ ~ & ~ O ~ [
Project w3
Description @8 Frame Grabber  [BiCameras

| p_ Search. . .

Feature Name Value Save
Hardware Information
Device Control
Frame Grabber /O Coniral
Extended Stream Features
% Camera Selector

Manual camera detection

Transport Layer Control

Statistics and Tests
Image Format Control
Camera Transfer Control

Color Transformation Control

Camera Trigger Control

Camera Trigger Mode Cn [
Camera Trigger Activation Rising Edge ]
Camera Trigger Source TTL1 w ([
Camera Trigger Delay Disabled P
o Ini - CptoCoupled Input O ]
mera. | Rager tler CiptoCoupled Input 1 .
Camera Trigger Software CptoCoupled Input 2 |l
Camera Trigger Event Enable OptoCoupled Input 3
_ LVDS Input O
[-CPEXF ress L‘\'.DS |r1put 1
Replay Control TTILO
W

Figure 5-24

1) Under Camera Trigger Activation, select the trigger polarity RisingEdge,
FallingEdge, and AllEdge according to the trigger needs;

2) Select according to interface definition under Camera Trigger Source (TTL1 is
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recommended).
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999900985
Figure 5-25 Euresys Frame Grabber Interface
Tab 5-2 Euresys frame grabber pin definition

Pin Signal Usage
1 GND Ground
2 DIN12+ High-speed differential input #12 - Positive pole
3 [IN11+ Isolated input #11 - Positive pole
4 [IN13- Isolated input #13 - Negative pole
5 [IN14- Isolated input #14 - Negative pole
6 IOUT12- Isolated contact output #12 -Negative pole
7 GND Ground
8 Not connected
9 GND Ground
10 GND Ground
11 DIN12- High-speed differential input #12 - Negative pole
12 [IN11- Isolated input #11 - Negative pole
13 [IN12+ Isolated input #12 - Positive pole
14 [IN13+ Isolated input #13 - Positive pole
15 [IN14+ Isolated input #14 - Positive pole
16 IOUT12+ Isolated contact output #12 - Positive pole
17 TTLIO12 TTL input/output #12
18 GND Ground
19 DIN11- High-speed differential input #11- Negative pole
20 DIN11+ High-speed differential input #11 - Positive pole
21 [IN12- Isolated input #12 - Negative pole
22 IOUT11- Isolated contact output #11 - Negative pole
23 IOUT11+ Isolated contact output #11 - Positive pole
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24 GND Ground
25 TTLIO11 TTL input/output #11
26 +12V +12V Power output

The interface settings are as follows

1) Find CycleTriggerSource under Frame Grabber Demo Software Device and
select LIN1;

n Euresys GenlCam Browser =) E X

Eile Navigation Stream Tools Help

M crsb & save state [ save Image ) show Favorites Settings
Start St B Restors Stats... 3 Refresh Tsh add Faverit | :
P ‘Gtert Streas &, Kestexs State TR = * " Grab Count 1 Image Name Ci\Users\inspury P~
igger Camers 2 Run Script.. ©) Update Dev List [} Del Faverite
; H 2 Buffer Count 4
M Stop Stresm & shov Los *® Close Views Y Freferences
Line Count  Auto
Systems Interfaces Devices Remote Devices Data Streams
EuresysCoaxlink PC3603 - Coaxlink Quad CXP-12 (1-camera, line-: Dhyana 9KTDI Stream0
< >
GenApi | Device Port | URLO | Xml
ExposureTimeMin 3.36 fad
ExposureTimeMax 5.62949953421307e11
CycleMinimumPeriod 1000.0
El CycleTiming
ExposureTime 1000.0
StrobeDelay 0.0
StrobeDuration 1000.0

Bl CycleControl

CycleTriggerSource LINT <When an event oceurs on Line Input Taol 1 or on execution of the § ~ |

StartCycle

Immediate <Immediately after the start of the sequence and then repeatedly every CycleMinimumPeriod period=  #
CycleMaxPendingTriggerCount StartCycle <On execution of the StartCycle command >
CyclePendingTriggerCount | LIN1 =When an event occurs on Line Input Tool 1 or on execution of the StartCycle command>
CycleLostTriggerCount LIN2 =When an event occurs on Line Input Tool 2 or on execution of the StartCycle command=
CyclelostTriggerCountReset LIN3 <When an event occurs on Line Input Tool 3 or on execution of the StartCycle command=

21 sequenceControl LIN4 <When an event oceurs on Line Input Tool 4 or on execution of the StartCycle command=

LINS <When an event occurs on Line Input Teal 5 or on execution of the StartCycle command=
;Cycle Trigger Source

LING <When an event occurs on Line Input Tool 6 or on execution of the StartCycle command>

LIN7 =When an event occurs on Line Input Tool 7 or on execution of the StartCycle command >

LIN8 <When an event occurs on Line Input Tool 8 or on execution of the StartCycle command=

QDC1 <When an event occurs on Quadrature Decoder Tool 1 or on execution of the StartCycle command=
MDV1 <When an event occurs on Multiplier/Divider Tool 1 or on execution of the StartCycle command=
DIV1 <When an event occurs on Divider Tool 1 or on execution of the StartCycle command=

DEL1 1 <When an event occurs on Delay Tool 1 Output 1 or on execution of the StartCycle command:
DEL1_2 <When an event occurs on Delay Tool 1 Output 2 or on execution of the StartCycle command>
DEL2_1 <When an event occurs on Delay Tool 2 Output 1 or on execution of the StartCycle command=
DEL2_2 <When an event occurs on Delay Tool 2 Qutput 2 or on execution of the StartCycle command=

UserEventl <When an event accurs on User Event 1 or on execution of the StartCycle command =

Figure 5-26
2) Find IOToolbox under the second column of the Frame Grabber Demo software;

3) Select LIN1 under LinelnputToolSelector (corresponds to "CycleTriggerSource
Select LIN1" in step 1, not necessarily LIN1);

4) Under LinelnputToolsource, select the interface that triggers the input according to
the interface definition of the frame grabber (TTLIO11 is recommended);

5) Under LinelnputToolActivation, select the trigger polarity RisingEdge, FallingEdge,
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and AllEdge according to the trigger needs;

& Euresys GenlCam Browser

Elle Mavigation Stream Tools Help

B save Imase
2 Refresh Tab

M Grsb

P Start Stream

‘!'uave State...

& Restore State...
=

B Run Seript. ..

&5 show Los

& Trigzer Cameras {) Update Dev List

W Stop Stresm X Cloze Views

fr) show Favorites
o 4dd Favorite
m Del Faverite
Y Frefersnces

Settings

Grab Count 1
Buffer Count 4

Image Name C\Users\inspurl, =

Line Count  Auto

Systems Interfaces

EuresysCoaxlink

<

Devices

| PC3603 - Coaxlink Quad CXP-12 (1-camera, |ine|: Devicel

Remote Devices Data Streams

Dhyana 9KTDI Stream

GenApi  Interface | Port | URLO | Xml

ScheduleUserActions
UserActionsSchedulerReference

ScheduledUserActionsPoolStatus

E LinelnputTool

LinelnputToolSelector

LinelnputToolActivation

E MultiplierDividerTool
MultiplierDividerToolSelector
MultiplierDividerToolSource
MultiplierDividerToolOutputContral

MultiplierDividerToolMultiplicationFactor

InternalTime =Coaxlink card internal time=

Empty <The pool of scheduled user actions is empty=>

DiscardScheduledUserActions Command
InternalTime 2672340561
Bl 10Toolbex

LINT <Line Input Tool 1=

TTLC11 <TTL input/output 1 of Internal /O connector 1=

RisingEdge <Activate the output on the rising edge only=

MDV1 «Multiplier/Divider Tool 1=

DLT1 «When an event occurs on DevicelinkTrigger Tool 1=

| Disable «Qutput disabled=

1.0

lPhysw’caI 1/ line used as input for the selected Line Input Tool

5.4.Image adjustment

Figure 5-27

The image adjustment function is shown in Figure 5-28.

Default |
—Basic
Auto
Levell | 0
ey I []
LevelR _| 1023 []
Gamma JI 1.00
Contrast JI 128
Figure 5-28

LevelL:The user can change the left color level value by manual input or by dragging
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the color level slider;

LevelR:The user can change the right color level value by entering it manually or by
dragging the color level slider;

Auto:Automatically defines the brightest and darkest pixels in each channel as white
and black, and then redistributes the pixel values between them proportionally;

Gamma:Gamma value can change the picture light and dark, increase contrast, the
larger the value, the greater the gray scale, the higher the brightness range 0.64 ~
2.55, the default 1.00;

Contrast:The difference of different brightness levels between the brightest white and
the darkest black in a bright and dark area of an image, range 0~255, default 128;

Default:Click on the button to restore the parameters of the image adjustment module
to the default values set by the software;
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6. FAQs

How to calculate the readout time?

The readout time of a frame of an image can be calculated according to the "row
period multiplied by the number of lines",row period is the reciprocal of the line
frequency.

How to calculate the line frequency?

Line rate (Hz) = sample movement speed (mm/s) / pixel interval width (mm)
For example:

The width of 386 pixels is 10mm, the width of one single pixel is 0.026mm, and the
sample speed is 100mm/s.

Then the line frequency = 100/0.026 = 3846Hz

Then the trigger signal frequency needs to be set to 3846Hz

What factors affect the camera line speed (line frequency)?

BufferHeight : affects the frame rate and does not affect the line speed;
When the width is larger, the line frequency become lower;

Binning: The vertical 2bin line speed is halved compared to the original, and the
horizontal 2bin has nothing to do with the line speed;

Transmission bandwidth: The default is CXP12_X4, and the software will
automatically reduce the bandwidth when the bandwidth is insufficient, and the line

speed will be limited.

CxplindConfiour. . EEISEEENES

4

What is the difference between the each modes of
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triggering?

3 output moduels of TriggerOut :

1) On, High level 3.3V;

2) Timed, Configured pulse period by StrobeDuration with 50% duty cycle;

3) PulseWidth, Equivalent to copying the signal of Triggerinput1, adjusting the delay
time through StrobeOutDelay;

Why the preview image is stretched or compressed?

The camera line frequency does not match the motion speed of the object. If
compression occurs, the motion speed is greater than the scan speed, and if
stretching occurs, the motion speed is less than the scan speed.

Normal Faster Slower

QOO0 OO 0000

Why is the drag worse the shorter the exposure time in Area

mode?

This is normal, because the Area mode of the line scan camera is different from the
real area scan camera, it is processed from single-line data, only for focusing use,

normal image acquisition, TDI mode is recommended.

What is the maximum length of CXP cable?

The recommended maximum distance is 20 meters. For longer distances, consider
the Dhyana 9KTDI PRO, which uses a fiber optic port to support longer distances.
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7. After-sales

1) Login to the official website and click on the [Technical Support] module to get the
FAQ.

2) Warranties.

® The product warranty period is 24 months from the date of shipment. We will
repair any damage during this period free of charge if it meets the warranty

requirements.

® The scope of the warranty is limited to defects in the materials and
manufacture of the product. Self-disassembly, water, throwing and other
man-made damage and damage caused by natural disasters are not covered
by the warranty.

3) Contact a professional for technical support:
® Tel: 400-075-8880 0591-88194580-811
® Email: service@tucsen.com

® Tucsen's website to leave a message: http://www.tucsen.com .

4) Please prepare the following information in advance:
® Camera model and S/N (product serial number);
® Software version number and computer system information;

® A description of the problem and any images related to the problem.
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8. Logs

A HY BN A
V1.0 20230131 | Create a document

V1.1 20230630 | 1. Added FAQ chapter;

2. Added water flow rate recommendation;

3. Added DSNU, PRNU, LUT operation steps and precautions;
4. Added the communication protocol schedule;

5. Adjust the order of some chapters;

6. Modify "Area mode, one pulse triggers one frame image",
2904 version firmware begins to support;

5. Change to new external document format;

V1.2 20230807 | 1. Added Temperature Control Description;

2. Added CXP line distances;

3. Added linescan and areascan details;
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